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WATER SUPPLY AND DEVELOPMENT ISSUES 

 
THE PERSPECTIVE OF WATER SUPPLY AND DEMAND 

FOR SUSTAINABLE DEVELOPMENT IN CHINA 
 

Ke Li Dan∗ Zhang Hai Lun∗∗ 
 
 

                                         Abstract 
 

The total average annual volume of freshwater resources in China is estimated at   
2.8 trillion m3 (tcm) with 2.7tcm of surface water and 100.9 billion m3 of exploitable ground 
water (duplicate portion between surface water and ground water excluded). Per capita 
water availability is 2,180 m3/year, which is roughly 1/4 of the world average. The area 
distribution of water resources is extremely uneven. One of the major concerns both at home 
and abroad is whether a water crisis will emerge in China, considering the huge population 
and the limited water resources. In this article, the authors try to provide their view on the 
issue by analysing the trend of water use in China during the period 1949-2000. 

 
1.  Water use trend in China 

 
1.1.  The changing rate of increase of water use in different sectors 

 
During the period 1949-2000 the increase in total water use across China grew by a 

factor of 4.3 even though the rate of increase has been declining. The rate of increase of water 
use was high in the period 1949-1980 (5.2 per cent), which is about twice the rate of 
population growth (2.7 per cent) during the same period. 

Since the early 1980s, where China has experienced rapid economic development, 
various important measures have been taken, including initiation of a programme of planned 
water use and a national water savings programme, the reform of the water tariff system as 
well as demand-oriented management for cities in north China. More important, the family 
planning programme has also been successfully implemented. As a result, the trend of high 
increase in water use has been restrained. The average increase rate of water use during 1981-
1993 dropped to 1.3 per cent being lower than the growth rate of the population estimated at 
1.4 per cent in the same period. After 1993, the rate of increase in water use has dropped down 
further due to various factors, mainly restructuring of the national economy, system reform and 
reinforcement of water saving activities. All these led to a further decline of the increase rate to 
0.8 per cent in 1994-2000, which is much lower than the rate of population growth (1.1 per 
cent). The statistics of annual water use for different sectors in China in 1949-2000 is given in 
table 1. 

In the same period the rate of increase of water use in 15 provinces, autonomous 
regions and municipalities was zero (table 2), noting that Shanghai Municipality, Jiangsu, 
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∗∗Zhang Hai Lun, Professor, Senior Engineer at Nanjing Hydraulic Research Institute, former Deputy 
Director of Nanjing Institute of Hydrology and Water Resources; former Chief of The Natural 
Resources Division, UNESCAP  
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Zhejiang, Jiangxi and Hunan Provinces are located in the southern part of the country    with a 
humid climate.. The overall annual water use of the country as a whole fluctuated around 550 
billion m3 during the seven consecutive years (1997 to 2003), and there is evidence that zero 
growth in water use for many parts of the country may become reality in the foreseeable future. 

 
Table 1.  Population and water use for different sectors in China (1949-2000)* 

   
           Year 
 
   1949 1959 1965 1980 1993 1997 2000 

Increase  
(per cent) 
1993~2000 

Average
Increase
Rate  
(per 
cent) 

Population 106 550 650 740 980 1170 1250 1290 +9.4 +1.3 
Total annual water use  
 
Per capita water use 
(m3/year) 
Urban water supply 
(m3/year) 
(per cent) 
Industry (m3/year) 
(per cent) 
Agriculture (m3/year) 
(per cent) 
Irrigation  
(per cent) 
Forestry,Animals             
Husbandry and   
Fishery (m3/year)               
(per cent) 
Rural Water Supply 
(m3/year) 
(per cent) 

103.1 
 
187 
 
0.6 
 
0.6 
2.4 
2.3 
100.1 
97.1 

204.8 
 
315 
 
1.4 
 
0.7 
9.6 
4.7 
193.8 
94.6 

274.4 
 
370 
 
1.8 
 
0.7 
18.1 
6.6 
254.5 
92.7 

443.7 
 
452 
 
6.8 
 
1.5 
45.7 
10.3 
391.2 
88.2 
357.1 
80.5 
13.1 
 
 
3.0 
21.0 
 
4.7 

519.8 
 
444 
 
23.7. 
 
4.6 
90.6 
17.4 
405.5 
78.0 
344.0 
66.1 
37.7 
 
 
7.3 
23.8 
 
4.6 

556.6 
 
445 
 
25.6 
 
4.6     
112.0 
20.1 
419.0 
75.3 
360.0 
64.7 
31.4 
 
 
5.6 
27.9 
 
5.0 

549.8 
 
426 
 
28.4 
 
5.2 
113.9 
20.7 
407.5 
74.1 
346.7 
63.0 
31.7 
 
 
5.8 
29.1 
 
5.3 

+5.7 
 
 
 
+19.8 
 
 
+25.7 
 
+0.5 
 
+0.8 
 
 
 
-15.9 
 
 +22.3 
 

+0.8 
 
 
 
+2.8 
 
 
+3.7 
 
<0.1 
 
+0.1 
 
 
 
-2.3 
 
 +3.2 
 

 
What is the difference between water use and water consumption? 
*Total water use includes the water use in industry, agriculture and public water supply 

in urban areas, agricultural water use involves the water use for irrigation, forestry, animal 
husbandry, fishery as well as rural water supply. 

*Water consumption refers to that part of water use, which is consumed via evaporation 
and as the component part of the product during the production process, and the remaining 
part of water use is drained out as the return flow from the irrigated land and sewage from the 
factory. 

*Unit of water use is expressed in 109 m3/year 
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Table 2.  Water use index for different administrative regions in China 
 

Total annual
water-use 
109(m3/year) 

 
 
 
Increase of water 
use  

Per capita 
water use 
(2000)7 

Water use efficiency 
 yuan GDP / m3 

Water-use 
structure (2000) 

 
 
 
Admin- 
istrative 
region 1993 2000 incre-

ment 
 per 
cent 

average
rate of
increase

      m3 1997 2000 incre-
ment

average 
rate of 
increase 

water 
supp-
ly 

indus
try 

agri- 
culture

Nation-wide 519.8 549.8 30.0 5.8 +0.8 430 13.7 16.4 2.7 6.6 1 2 6.6 
Bejing 4.0 4.0 0 0 0 290 45 62.5 17.5 12.9 1 0.8 1.2 
Tianjing 2.2 2.2 0 0 0 230 51.3 71.4 20.1 13.0 1 1 2.3 
Hebe 20.9 21.6 0.7 3.3 +0.5 310 17.9 23.8 5.9 11.0 1 1.2 7 
Shanxi 5.8 5.6 -0.2 -3.4 0 170 25.0 29.4 4.4 5.9 1 1.7 4.4 
Neimenggu 18.0 17.2 -0.8 -4.4 0 720 6.7 8.1 1.4 7.0 1 1 17.8 
Liaoning 14.1 13.6 -0.5 -3.5 0 320 24.8 34.4 9.6 12.9 1 1.3 4.1 
Jilin 10.7 11.3 0.6 5.6 +0.8 420 14.2 16.1 1.9 4.5 1 2 9.3 
Heilongliang 18.2 29.6 11.4 62.6 +8.9 800 8.7 11.0 2.3 8.8 1 5.9 11.5 
Shanghai 10.8 10.8 0 0 0 650 30.7 41.6 10.9 11.8 1 5.5 1.1 
Jiangsu 50.3 44.5 -5.8 -11.5 0 600 12.9 19.2 6.3 16.3 1 3.4 6.3 
Zhejiang 20.2 20.1 -0.1 -0.5 0 430 24.7 30.3 5.6 7.6 1 1.9 4.4 
Anhui 16.3 17.6 1.3 8.0 +1.1 300 14.6 17.2 2.6 5.9 1 2.3 7.2 
Fujian 15.6 17.6 2.0 12.8 +1.8 510 17.4 22.2 4.8 9.2 1 2.4 5.8 
Jiangxi 23.2 21.7 -1.5 -6.5 0 530 7.1 9.2 2.1 9.9 1 2.7 8.8 
Shandong 25.0 24.3 -0.7 -2.8 0 270 24.0 34.4 10.4 14.4 1 1.8 7.2 
Henan 20.4 20.4 0 0 0 220 16.9 25.0 8.1 16.0 1 1.4 4.3 
Hube 23.8 27.0 3.2 13.4 +1.9 450 15.4 15.9 0.5 1.1 1 2.8 6 
Hunan 32.0 31.5 -0.5 -1.6 0 490 9.4 11.6 2.2 7.8 1 1.4 5.8 
Guangdong 41.7 42.9 1.2 2.9 +0.4 500 15.2 22.2 7.0 15.4 1 1.5 3.8 
Guangxi 21.5 29.2 7.7 35.8 +5.1 650 7.2 6.9 -0.3 -1.4 1 1.3 7.7 
Hainan 4.2 4.4 0.2 4.8 -0.7 560 10.0 11.7 1.7 5.7 1 0.8 7.2 
Chongqing 27.6 24.5 3.1 11.2 +1.6 180 24.0 28.6 4.6 6.4 1 2 1.5 
Sichuan 23.3 20.8 -2.5 -10.0 +1.5 250 16.4 19.2 2.8 5.7 1 1.8 5 
Guizhou 5.7 8.4 2.7 47.3 +6.7 240 10.1 11.8 1.7 5.6 1 1.3 3.3 
Yunnan 10.8 14.7 3.9 36.1 +5.2 340 12.0 13.3 1.3 3.6 1 1.1 6.6 
Tibet 1.6 2.7 1.1 68.8 +9.8 1040  4.3   1 0.4 13.8 
Shanxi 8.2 7.8 -0.4 -4.9 0 220 16.5 21.3 4.8 9.7 1 1.2 5.5 
Gansu 11.8 12.2 0.4 3.4 +0.5 480 6.6 8.0 1.4 7.1 1 2.3 12.8 
Qinghai 2.7 2.7 0 0 0 540 7.6 9.4 1.8 7.9 1 1.3 1.5 
Ningxia 8.6 8.7 0.1 1.2 +0.2 1550 2.0 3.0 1.0 16.7 1 2.8 47.5 
Xinjiang 48.2 47.9 -0.3 -0.6 0 2490 2.4 2.8 0.4 5.6 1 0.7 28.6 
 
’increase of water use contains the increment of total annual water use during 1993-2000 and 
the average rate of increase in the same period. Water use structure refers to the proportion of 
water use among different sectors supposing the basis of water supply is 1. 
 

1.2.Significant structural change of water use 
 
The ratio of agricultural water use (including rural water supply) to total water use 

dropped from 97.1 per cent in 1949 to 74.1 per cent in 2000, indicating a shift of water use 
from agriculture to municipal and industrial use, and the ratio of industrial and urban water use 
increased from 2.3 per cent to 20.7 per cent and from 0.6 per cent to 5.2 per cent respectively. 
The share of water use for irrigation in the agricultural sector went down from 91 per cent in 
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1980 to 85 per cent in 2000. In the past 20 years, irrigated land increased 6.7 million ha, 
however the water use for irrigation remains at about 350 billion m3 each year, which means 
that water use for irrigation during this time period remains practically unchanged. 

This is mainly due to restructuring in agriculture, the renovation of the irrigation 
system and promotion of water saving activities throughout the country. Fig. 1 gives the 
process of water use for different sectors in China. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

Figure 1.  Water use for different sectors (1949-2000) 
 

 
 

1.3.  Improvement of water use efficiency 
 
The water use efficiency index measured by GDP per unit of water use for the whole 

country was 16.4 Yuan/m3 (2 US$) in 2000 and the average increase rate of the index was 6.6 
per cent in recent years. The water use per industrial product value of 10,000 Yuan declined 
from 933 m3 in 1980 to 78 m3 in 2000, which is a 92 per cent reduction during these 20 years. 
During the same time period the per ha irrigation water use declined from 8,745 m3 to 7,185 
m3. The improvement of the water use efficiency is a reflection of the integrated effect of 
structural change in the economy, the improvement of production efficiency and the effect of 
water saving activities both in urban and rural areas. 

 
 

1.4.  Steady decline of per capita water use after 1980 
 
Per capita water use is an integrated index reflecting the level of water use for all water 

user sectors and in all administrative regions. The per capita water use rose from 187 m3/year 
in 1949 to 452 m3/year in 1980. The index varies greatly in different administrative regions. 
Shanxi Province ranks the lowest (187 m3), while the Xinjiang Autonomous Region ranks the 
highest (2490 m3), being over 13 times higher than the figure of Shanxi. This is due to 
differences in climate and physio-graphical conditions and the traditional way of water use in 
different regions, Figure 2 gives the profile of per capita water use during the period 1949-
2000. 
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Figure 2. Profile of per capita water use in China (1949-2000) 
 

1.5.  Slow down of water resources development process after 1980 
 
The total water use in 2000 was 553 billion m3 and the rate of total water withdrawal to 

total available water resources reached 19.6 per cent (20.4 per cent when only taking into 
account surface runoff). The rate has increased by 16 per cent over the past 50 years. However, 
there has only been a 3.6 per cent increase after 1980, which is much lower than any increases 
before 1980. The rate of total water withdrawal in relation to water availability varies 
considerably between major river basins. The figure of the Haihe River Basin was as high as 
94.7 per cent in 2000, and the groundwater was severely over-exploited. The rate for the 
Songhua and Liaohe Rivers, the Yellow River and the Huaihe River was 32 per cent, 52.9 per 
cent and 57.6 per cent respectively. In south China the rate is lower, for the Yangtze River and 
Pearl River the rate was 18 per cent and 17.7 per cent respectively.  
 

Table 3.  The level of water resources development for different river basins 
 

     River basin 
  

Songhua 
and Liaohe
River 

Haihe 
and Luanhe 
River 

Yellow 
River 

Huai  
River 

Yangtze 
River 

Pearl 
River 

Total water resources 
availability (109m3) 
Surface water  
Ground water  

192.8 
 
165.3 
27.5 

42.1 
 
28.8 
13.3 

74.3 
 
66.1 
8.2 

96.1 
 
74.1 
22.0 

961.3 
 
951.3 
10.0 

470.8 
 
468.5 
2.3 

Water supply in 2000 
Rate of development 
(per cent) 
Surface water  
Ground water  

61.7 
32.0 
 
34.7 
27.0 

39.9 
94.7 
 
13.5 
26.3 

39.3 
52.9 
 
25.6 
13.5 

55.4 
57.6 
 
37.3 
17.8 

173.5 
18.0 
 
164.0 
8.2 

83.6 
17.7 
 
79.2 
4.2 

* The rate of development of water resources refers to the ratio of total water withdrawal for 
off-stream use to total water availability of a river basin. 

 
The rate of water consumption in relation to total water use for the whole nation in 

1993, 1997 and 2000 was 58.5, 57 and 55 per cent respectively. The total water supply in 2000 

100

200

300

400

500
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was 553 billion m3, of which the use of recycled water and sea water was only 2.1 and 14 
billion m3 respectively, accounting for 0.4 and 2.5 per cent of total water supply.  

 

We can conclude from the review of water use over the past 20 years that the low 
increase rate (1 per cent) of water use has supported rapid economic growth at an average rate 
of 9 per cent. Zero growth of irrigation water lasted for 20 consecutive years while the grain 
output gained 44.3 per cent increase with the expansion of 6.7 million ha of irrigated land 
(table 4). 

 

Table 4.  Relationship between irrigation water use and grain output in China (1980-2000) 
                  Year 
  1980 1993 1997 1998 2000 

Water use for irrigation 
(109m3) 357.1 344.0 360.0 349.2 346.7 

Grain  Output (106 t) 320.56 456.49 494.17 512.30 462.50 

Remarks 

 The drastic decline of grain output in 2000 is due to intensified 
restructuring in the agricultural sector and the reforestation on 
agricultural land. It is estimated that there was a six million ha reduction 
of land with crops compared to 1999, which led to a 28×106 t reduction 
of grain output. In addition, drought was also a factor. 

     
Figure 3 shows the relationship between the total water use and various economic and social 
indexes. 

 
 

 
 
 
 
 

 
 
 
 

 
 
 
 
 

Figure 3.  Relationship between total water use and various economic and social indexes. 
 

2.  Legal, regulatory and policy measures in water resources management for 
implementation of sustainable development strategies 
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In the past 20 years, a series of legal, regulatory and policy measures were taken 
aiming at improving water use efficiency for different users. The momentum of economic 
reform has greatly promoted the restructuring of water use sectors and efficient use of water. 
The above measures have not only restrained the increase of water use in a blooming economic 
development but may also lead to zero growth of water use in the foreseeable future. 

 
2.1.  Legislation 

 
The "Water Law of China" enacted in 1988 provided the legal basis for water resources 

planning, development and management and is also the basis for building a basic system of 
rules and regulations in the water sector . The "Water Law" was revised in 2002 based on 
experiences and problems encountered since 1988. 

 
2.2.  Water resources assessment 

 
The first water resources investigation and assessment was completed in 1986,  

organized by the Department of Water Administration of the State Council in cooperation with 
all parties concerned. The outcome has become a guide for development and management of 
water resources. The second water resources assessment was initiated in 2002. 

 
2.3.  Integrated river basin planning 

 
The integrated river basin planning for seven major rivers, as instructed by the State 

Council, was formulated by the Department of Water Administration, with the participation of 
relevant governmental agencies. The approved plans have provided the basis for all water 
project planning and design and the activities of flood and drought disaster reduction. By the 
end of the 1990s, the integrated river basin plan for the Yangtze River, Pearl River, Haihe 
River, Songhua River and Liaohe River were approved by the State Council. 

 
2.4. Long-term plan for water supply and demand 

 
The long-term plan for water supply and demand was formulated by the Ministry of 

Water Resources and approved by the State Planning Committee. After completion of the 
"Long-Term Plan of Water Supply and Demand for Seven Northern Provinces with Water 
Shortages" in 1989, the "Long-Term Plan for Water Supply and Demand of China" was 
completed in 1998, and has since guided the development and management of water projects 
throughout the country. 

 
2.5.  Trans-boundary water allocation 

 
The scheme of water allocation for trans-boundary projects between different 

administrative regions should be formulated by the government at highest level by taking into 
full account the interests of relevant administrative regions and should be concurred by 
relevant governments at the same level prior to final approval. The State Council approved the 
water allocation scheme of the Yellow River in 1987 and that for the Zhanghe River of Haihe 
River Basin in the north China plains in 1989. 
    

2.6. Water withdrawal permit system 
 



 9

The water withdrawal permit system has been built and applied to any project directly 
withdrawing water from rivers, lakes and aquifers . So far, more than 60,000 licenses have 
been issued totalling 400 billion m3 . 

 
2.7.  Planned use of water and water saving 

 
Water saving has been adopted as national policy and was legalized by the Water Law 

(2002). Various measures have been taken including improvement of water use management, 
comprehensive innovation of water saving techniques in order to reduce water use and increase 
the rate of reuse in the industrial sector. For those areas, which are short of water, development 
of industry and agriculture with massive water use is restricted. Water use is metered in urban 
areas, in the industrial sector the system of a fixed contractual fee in water use was abolished 
and instead a system of "progressive water tariffs" is now applied. The Water Law (2002) 
stipulates that water saving projects should be listed as priority in any ongoing innovation 
programme in the water sector and for new projects the use of water saving technique is a 
must. 

 
2.8.  System reform of water charge and levy of a water resources fee 

 
In 1985, the State Council issued a regulation on levy of a water charge, which is 

calculated on the basis of cost and thus led to the end of the history of free use of water. 
The water resources fee is levied for those who draw water directly from both surface 
water bodies and aquifers. 

 
3.  Perspective of water supply and demand in the 21st century 

 
3.1.  The total water use could continue to increase steadily and the time 

of zero growth may come earlier than expected 
 
Practice in China shows that the total water use for different time periods is not closely 

related to the social and economic development situation during the same time frame. 
Nevertheless, other factors such as water supply capacity, economic structure as well as the 
efficiency of water management can play an important role in water use. It is anticipated that 
water use in China will either turn to zero growth after a certain period of low growth, or after 
the total water use is maintained at around 550 billion m3 for a number of years. Zero growth 
might come earlier than expected, perhaps around the middle of the 21st century. It is also 
anticipated that in 2020, when the total population is expected to reach 1.5 billion, with an 
estimated per capita water use of 400 m3, the total water use in China may reach a level in the 
neighbourhood of 600 billion m3. 

 
3.2.  Improvement of water use efficiency is the predominant factor for reaching low to 

zero growth of water use within a certain period of time 
 
It is expected that the average rate of water use efficiency in 2020 will be 3.5 times of 

that in 2000 (16.4 Yuan/m3), i.e. 57 Yuan/m3 (2000 actual price), being approximately equal to 
7 US$/m3, which is equivalent to 54 per cent of the water use efficiency in the US in 1995 
(US$ 13.1/m3). Unit water use per 10,000 Yuan industrial product value will further go down 
from 79 m3 to 16 m3 (80 per cent reduction), which is about 60 per cent of the figure in the US 
in 1995 (27 m3). The water use per unit ha for irrigation will drop from 7,185 m3 in 2000 to 
about 6,000 m3, being equivalent to the figure of the US in 1995. 
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China recently initiated a nation-wide programme aiming at improving water use 
efficiency in water management. This is expected to lead to significant improvement in water 
use efficiency as water saving currently is regarded as the development strategy of the nation. 
  

3.3.  The water use structure in urban and rural areas will be further adjusted in the 
foreseeable future 

 
Along with the economic restructuring process, especially the planned structure reform 

in the agricultural sector in the coming 20 years, the structural change of water use will also be 
accelerated. It is anticipated that the ratio of water use between urban (including the industrial 
sector) and rural areas (rural water supply excluded) may change from 1:2.2 in 2000 to 2:3 in 
2020, that means the proportion of agriculture water use to total water use will drop from 70 
per cent in 2000 to 60per cent in 2020. It should be acknowledged that under the process of 
structure reform and the development of a market-oriented economy, water use tends to meet 
the needs of those sectors generating higher economic benefit.  

The gradual reduction of the proportion of agricultural water use in relation to total 
water use is acceptable and the change should not be regarded as unreasonable, e.g. a shift of 
agriculture water use to the use for other sectors. Meanwhile the application of new 
technologies as well as the growth of the tertiary sector will be conducive to a reduction of 
water use in industry. However the proportion of household water use will grow. Based on 
experiences in big cities like Beijing, Shanghai and Tianjin, the rapid expansion of urban area 
and economic development did not lead to increase of per capita water use, which remained 
unchanged in the past 20 years. It is even likely that the per capita water use may not increase 
as the rate of urbanization grows from a level of 36 per cent in 2000 to an estimated 50 per cent 
in 2020 as the momentum of structural change continues. 

 
3.4.  Environmental issues behind the low/zero growth of water use in the past two 

decades 
 
In parallel with the water use trend during the transitional period in the past two 

decades, over-draft of ground water and environmental degradation are two issues which need 
to be taken seriously in water management.  

In the late 1950s and early 1960s, water resources development for many basins, 
especially middle and down stream of the Yellow River, Huaihe River and Haihe River Basin, 
was guided by a storage-oriented approach, i.e. to store as much as possible of local water 
resources (produced by local rainfall), so that a large amount of storage facilities including 
ponds, small reservoirs and canals were built, and the small rivers were in many places 
controlled by a series of reservoirs and sluice gates. In consequence many rivers became 
intermittent, which resulted in critical environmental effects. In 1970s, the campaign on 
excessive use of groundwater in the north China plain led to a drastic decline of the water 
table, especially in the Haihe River Basin. For those cities which were short of water, 
industries with a high water use exhausted both surface water and groundwater of shallow 
aquifers.  

In the 1980s in view of the critical situation of water use in China, the idea of a 
demand-oriented approach was accepted in water resources planning and management, and the 
water withdraw permit system, including a levy of water resources fee and a water charge, was 
initiated.  The trend of over-drafting ground-water has since been restrained. Beijing 
Municipality reduced the annual ground-water use from 4 billion m3 in 1980 to 2.2 billion m3 
in 1996. In Tai Yuan, the capital of Shanxi Province, ground-water withdrawal was reduced 
from 80 million m3 in 1984 to 40 million m3 in 1993. In the Yangtze River delta area, the ban 
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on overdraft of ground-water in Suchow, Wuxi and Changzhou has resulted in the recovery of 
ground-water levels.  These changes grew out of a low to zero growth of water use and this 
policy is at the root of improvement of water management.  

However, the issue of a supply oriented approach and degradation of water 
environment cannot be solved easily over a short time period. It has legal, institutional, 
financial and technical implications. The overdraft of groundwater has not yet been completely 
restrained for the nation as a whole. The level of water use needed for maintaining a sound 
environment and ecosystem was not properly considered in water resources planning and 
management in the past. The recent practice in the Yellow River, Ta Li Mu River and Haihe 
River has shown positive results due to unified operation of the river basins and a supply  of 
water to nurture the ecosystem downstream via a reduction of agriculture water use upstream. 

As long as this trend in water management can be continued and sustained, it is 
predicted that in 2020, 10 to 20 billion m3 of water could be used to supply the ecosystem 
from irrigation, while irrigated land will continue to grow steadily. It is also expected that the 
ground-water table could recover to a reasonable level and that dry/intermittent rivers could 
turn permanent.  

 
3.5.  Risk management approach should prevail in combating drought 

 
Drought is a natural phenomenon, which cannot be eliminated.  On average, about 15-

20 million ha of cultivated land is hit by drought each year.  Extraordinary drought events and 
consecutive drought years have been recorded a number of times in the last century. To cope 
with this situation, a new strategy in water resources planning and management has to be 
adopted such as flood water utilization, conjunctive use of surface water and ground water, use 
of brackish water, etc. Emergency measures has to be taken in dealing with extreme drought 
events. Crisis management has to turn into risk management in combating drought as it has 
long been practiced in flood disaster management. Drought preparedness, including drought 
monitoring, drought warning, and effective drought reduction measures have to be well 
organized. To achieve the goal, relevant regulatory, institutional and technical capacities have 
to be built up.  

  
3.6.  The South-North long distance water transfer -- an important option to the  solution 

of water shortage in the North China Plain 
 
It should be noted that the planned beneficiary region of the East and Central routes of 

the project, which among others includes Beijing, Tianjin, Shangdong and Henan 
Provinces/Municipalities, have reached zero growth in water use during eight consecutive 
years with the exception of Hebei Province.. 

The beneficiary region for the West route, in addition to Gansu Province and  Ninxia 
Autonomous Region which has a very low growth in water use, Shanxi province and  the Inner 
Mongolia Autonomous Region have already been at zero growth for a number of years. . This 
trend of water use indicates that the potential increase of water use for these planned 
beneficiary regions is limited in the case of extreme drought. The gigantic project with its huge 
investment is different from the Three Gorges Project, the latter has a relatively high benefit 
and is capable of repaying loans through hydropower generation. The successful operation and 
maintenance of the said project is heavily depending upon water market fluctuations in the 
future and the affordability of potential users, which may involve high risks for investors. This 
project with a relatively high cost under a market-oriented economy would possibly only be a 
reserve water source meeting the needs of urban water supply for dry years.  
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3.7.  Pollution control and water resources protection --- outstanding 
issues of water management in this century 

The water quality assessment of the nation was completed in 1999 by the Ministry of 
Water Resources according to the Criteria of Environment Quality for Surface Water Bodies in 
which water quality of river system are classified into five categories. Class I to III refer are 
termed qualified, and class V refers to bad quality. The assessment of rivers with a total length 
of 113,108 km concluded that the qualified river reaches accounted for 62.4 per cent while 
river reaches with bad quality was 17.2 per cent, giving a ratio of 3.63, of which the ratio for 
nine provinces/autonomous regions are less than one. This means that over half of the river 
length in these regions lost their functions due to bad water quality. In order to prevent an 
emerging water quality crisis in these regions, water resources management has to shift to and 
focus on pollution control through legislation, institutional building and establishment of a 
fund raising system to reinforce an integrated management of water pollution. 
 

4.  Overestimation of water demand leading to false judgement of the water resources 
situation 

4.1.   Overestimate of water demand often misleading water resources planning 
  Overestimate of water demand has exaggerated the gap between water supply and 

demand, thus misleading the water resource planning. In the early 1980s, the planned water 
demand for the Haihe River Basin for 2000 was 52.2 billion m3 and 73.4 billion m3 for 2030. 
Therefore an ambitious plan was proposed to divert over 20 billion m3 water from the Yellow 
River and Yangtze River in 2000.  However, the plan was not put into practice due to 
differences between administrative regions.  In fact, the water use in 2000 for the Haihe River 
was merely 39.8 billion m3. If the diversion project had been completed as planned and 20 to 
30 billion m3 water had been transferred to the Haihe River, not only a great deal of money 
would have been wasted, but also the cultivated land would have been alkalized due to 
excessive irrigation. In the past, a number of water resources plans could not play a guiding 
role in water resources development since they were formulated based on a high estimate of 
water demand 

 
4.2.   Exaggeration of water demand estimation resulting in a pessimistic conclusion 

 
A similar example is given in the paper “China's Water Shortage Could Shake World 

Food Security” from 1998, which had a pessimistic conclusion with regard to the impact of  
import of 200 million tons of grain on world food security. The conclusion was made on the 
basis of an overestimate of agriculture water use of 665 billion m3 and total water use of 1,068 
billion m3 in 2030. 
  

4.3.  Application of appropriate methods for predicting medium and long-term water 
demand 

 
Medium- and long-term water demand prediction is the scientific basis for water 

resources planning. The prevailing method used is to adopt the predicted water quota for 
different user sectors, but both the product value and the water quota are difficult to predict, 
since they often deviate significantly from the real value especially in the transitional period of 
an economy. The first water supply and demand analysis in early 1980 concluded that water 
demand in 2000 would be as high as 700 billion m3 and would reach 1,000 billion m3 in 2030. 
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On the basis of various studies for water demand prediction, the author* in 1987 found 
that water demand did not grow with the increase of product value, however that it was closely 
related to population growth. It was therefore proposed at that time to extrapolate the trend of 
per capita water use with a micro-adjustment. The author predicted that the water demand of 
China would be 550 billion m3 in 2000, which was much lower than the estimated figure of 
7,000 billion m3.  

The radical change of prediction was not accepted by most experts and governmental 
officials, however the fact is that the total water use in 2000 was 549.8 billion m3 according to 
the water resources bulletin issued by the Ministry of Water Resources. The method proposes a 
dynamic approach, i.e., the water demand prediction can be adjusted timely according to the 
trend of water use. The author also predicted in 1988 that in the middle of the 21st century, the 
total water demand of China would reach 700 billion m3. Recently this figure was adjusted to 
550-600 billion m3 considering the growing improvement of water use efficiency and the fact 
that the total water use in China has fluctuated around 550 billion m3 after 1997. The above 
prediction is much less than the figure (700-800 billion m3 in 2030) predicted by various 
agencies.  However the prediction needs to be verified and seems unlikely to be acknowledged 
at the present time. It is our hope that this paper will be noticed by scientists and decision 
makers working on the issue of a reasonable prediction of water demand, so that the issue can 
be carefully dealt with. 

 
5. Conclusion 

 
In the past 20 years, the increase of grain output reached 44.3 per cent with a 

population growth of 31.6 per cent on the basis of zero growth of water use in irrigation.  The 
international trade of grain has increased after China joined the WTO, one of the purposes of 
joining is actually to increase the variety of grains in the market. It is possible in the future to 
maintain the per capita grain availability on the basis of the current level of water use for 
irrigation, along with improvement in water use efficiency and the momentum of structural 
change the in the agricultural sector. The grain production will not be significantly affected due 
to insufficient water supply, import of 200 million tons of grain will not become necessary and 
therefore world food security will not be affected. The practice of water use in the past half 
century in China signifies that the process of water use has gone along the road of 
sustainable development and that water resources availability will be able to support the 
social and economic development process of China. Having reviewed the historical evolution 
of water use in various sectors of China it is clear that there is a high potential for improvement 
of water use efficiency. The time of zero growth in water use may come earlier than expected.  

China is facing the challenge of water pollution and degradation of the water 
environment and it is time to focus on pollution management and water resources protection. 
Finally, we must emphasize that overestimation of water demand may lead to false water 
resources planning and development. This in turn will lead to the misallocation of scarce 
financial resources.   
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WATER SUPPLY AND PUBLIC-PRIVATE PARTNERSHIPS 

 
 

PROVISION OF WATER SUPPLY BY PUBLIC-PRIVATE PARTNERSHIPS 
 

Roger L Brown1 
 

1. Introduction 
 

Safe water supply is a unique commodity. It is a basic need for survival of individuals 
and the community. It is a key part of good public health, together with sanitation. Both must 
be used effectively, through proper hygienic behaviour, to gain maximum benefits. 
Governments have traditionally taken responsibility for providing these public services directly 
but the private sector is being used more and more as implementer and operator, with 
government retaining the roles of facilitator and regulator (controller). Government always 
retains the ultimate responsibility for safe water supply, no matter what arrangement is used. 

 
No one can survive without water. Some may have to travel far to obtain water, others 

may have to pay highly. Government’s objectives are to provide water that is safe and 
reasonably accessible. Various targets are set internationally and nationally in a drive towards 
better services that are available to more of the population. The main stumbling blocks are the 
capital funds required to provide the necessary infrastructure and the operating funds to run 
and maintain systems. 

 
In many countries and religions, water is regarded as a naturally occurring free 

commodity, which is an entitlement of the community. Politicians promise cheap or free water 
as a vote catcher. As a result many water supply systems are under-funded. This leads to 
neglect of maintenance, poor operation (lack of chemicals for water treatment) and an inability 
to expand to meet increasing demand from more consumers. Therefore, many schemes, 
particularly in developing countries, are unable to provide the services that consumers want, 
which in turn makes consumers unwilling to pay for poor or even non-existent supplies, 
thereby reducing the already inadequate income to the operator even more. Those consumers 
who can afford it then take measures to improve their own supply. They install tanks to store 
water delivered intermittently and shallow hand pump wells if groundwater is high. These 
“coping costs” can be substantial, and poor consumers cannot pay them.  

 
Public Private Partnerships (PPP) is the term used for a broad range of ways of the 

public and private sectors co-operating together to provide any service, including water supply. 
The key word is “partnership” as this infers some mutual sharing or distribution of risks and 
benefits. The main categories of PPP are: 

 
• Those that improve service delivery by better operations, possibly at lower cost’ 
• Those in which the private sector provides significant funds for capital investment. 
 
However, developing and running PPP is not simple. It needs a sound understanding of 

the water supply sector as well as the various models of PPP that have been used world wide. 
In addition, the partnership should be kept under regular review to see that expectations are 
                                                 
1 Independent Consultant, formerly Binnie Black & Veatch 
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being met, to agree changes that would improve the services further and to meet new 
challenges. Under a PPP, the public sector retains its basic responsibilities to consumers to 
ensure a good water supply. The private sector can help government to achieve this and can 
make things happen but will expect the PPP to be commercially viable, but perhaps only in the 
medium to long term.  

             
Successful PPP in water supply requires both good practice in water supply and good 

practice in PPP. This report sets out the key issues that will affect PPP for provision of water 
supply. Most of the good practice is equally applicable to water supply schemes that are run 
entirely by government. 

 
The water sector is being stimulated by international concerns of deficiencies and 

inadequacies (see section 2). Many new ideas are developing. Some are a reaction to 
methodologies that have been classed as “unsuccessful” in certain contexts. Others are based 
on small-scale operations with very large professional inputs that are not replicable. However, 
a careful review of these extremes does indicate how improvements can be made in the sector.  
These are discussed in section 2 to 5. 

 
In addition the report pays particular attention to services to the poor. This is because 

they are often under-served and because of concerns that the private sector could take a narrow 
commercial view and neglect poor consumers. Although, the majority of urban and rural water 
supplies are run by the public sector coverage is still inadequate and most of the under- or un-
served are low income families in slums and shanty towns. Generally the poor are 
disadvantaged irrespective of who operates the water supply system. 

 
With the introduction of private operators and the fear of a “commercial” approach, 

considerable effort has been focussed on possible impacts on the poor and ways to protect 
them. However, the vast majority of piped water supply is operated directly by the public 
sector and the trend is to make these operations autonomous and “self supporting”, i.e. 
commercial. Therefore, the plight of the poor is equally of concern whether the water supply 
system is operated by the public sector on its own or jointly under a PPP. The impact on the 
poor and methods of alleviation are discussed in sections 6 and 7.     

 
Historically, many piped water supply schemes were installed by the wealthy 

industrialists to safeguard their workforce and improve productivity. Subsequently 
governments have taken over responsibility for providing the basic service of water supply and 
have provided substantial subsidies. Recently, governments priorities have moved to other 
(more conspicuous) sectors and less funds are available for water supply. On the other hand, 
politicians are often reluctant to agree to higher tariffs for a basic need and consumers are not 
being asked to pay directly. The concept of PPP is in some cases to attract private funds but 
also to reduce costs by more efficient and flexible operation. The PPP options are discussed in 
section 8 with procedures in sections 9 and 10. 

 
Some workers tend to take a “purist” view of the water supply model. However, the 

water supply sector has to fit into an imperfect world where taxation is heaviest on the rich, 
subsidies abound particularly to agriculture, to less economic areas and industries, many fare 
and tariff structures are distorted and cross-subsidy is the norm. Therefore, this report tries to 
look at the reality of the situation and at the tools that can be used to make improvements even 
at the risk of distortion of the concept of water as an economic, but as a social good as well.  
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No one is unaffected by water supply. Some take it for granted (unless it stops), 
whereas for others it is a daily battle. 

 
2. Characteristics of the Water Supply Sector 

 
The International Community recognises the importance of safe water supply in the 

alleviation of poverty. The United Nations Millennium Declaration resolved “by the year 
2015….. to halve the proportion of people who are unable to reach or to afford safe drinking 
water” (clause 19). This statement of intent is interpreted locally: 

 
• “Reach” is often set at a distance from dwellings, say less than 500m on the flat or   

100m vertically.  
• Afford” is often taken as a percentage of house hold income, say not more than 5% for 

water supply and sanitation. 
• “Safe” is often taken as the World Health Organisation Guidelines, but these are not all 

health related and may not be significant in the local context.  
 

The resolution does not include any target for quantity. Clearly, water that is not used 
for drinking does not need to meet these standards. Particularly in rural areas, people may tap a 
number of different water sources depending on what the water is to be used for and its 
availability, which may be seasonal. 

 
There are many challenges in meeting these targets. However, the overriding objective 

is sustainability for which the three parameters of a water supply system in Box 2.1.must be in 
balance. 

 
Levels of service should be chosen that: 

• Will generate adequate income to provide and operate infrastructure. 
• Can be provided by the infrastructure. 
• Consumers are prepared to pay for and will be supported by others if 

loans, subsidies or grants are required. 
 

 

Box  2.1. Conditions for sustainability (Sustainability triangle) 
 
   Levels of service 
   Quality 
   Quantity 
   Administration 
   Environment 
 
 
      Sustainability 
 
Income and funds     Infrastructure 
Tariffs and charges     Construction 
Loans       Operation and  
Subsidies, grants      maintenance  
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Infrastructure and operational resources should be provided that: 
• Will deliver the chosen level of service’ 
• Can generate enough income. 
• Can be paid for by consumers and will be supported by others if loans, 

subsidies or grants are required. 
 
Income levels should be achieved that: 

• Will pay for provision and operation of infrastructure. 
• Provide the chosen level of service. 
• Can be paid by consumers and will be supported by others if loans, 

subsidies or grants are required. 
 
The introduction of the private sector into water supply increases awareness of the 

“Sustainability Triangle”, which applies equally well to services run by the public sector. In 
fact, many of the problems of the public sector are directly related to under-funding caused by 
unrealistically low tariffs imposed by political pressure. This reduces incomes to below the 
level that is required to provide and operate the system leading to deterioration in service and 
consumers being unwilling to pay charges. In addition wealthier consumers will try to improve 
their own service by developing other sources or storage. They are then less willing to pay 
more for an improved public service. 

 
When tariffs are raised, consumers review their use of water. In particular, large 

consumers may try to use less in their processes or to recycle water internally and may even 
decide to opt out of the public system altogether by establishing their own private borehole or 
other source. Even domestic consumers are likely to reduce their consumption if tariffs jump 
sharply (referred to as “price elasticity”). Consumers are prepared to pay more when the 
service improves.    

 
Water supply schemes generally have high capital cost and low running costs. 

However, if much energy is required, the operating costs can also be high, e.g. desalination of 
sea water. Large infrastructure developments cannot be paid for out of income at the time costs 
are incurred. Some form of loan is essential to spread costs over a number of years. The cost of 
borrowing increases the operational costs. Therefore, in many developing countries 
governments will fund capital works for new water supply infrastructure. Donors have 
supported this approach with commercial loans, soft (low interest) loans and grants. However, 
there is mounting pressure from donors to increase the proportion of income to the water utility 
that comes directly from charges on consumers. 

 
There are a number of PPP for water supply that has been shown to provide sound 

mechanisms for developing a partnership between the public and private sectors. These are 
discussed in detail in Chapter 8. In summary, there are well-tried mechanisms that use the 
skills of the private sector in operation, namely: 

 
• Out sourcing or service contracts for particular services 
• Management contracts to boost senior capability and introduce new 

concepts; 
• Lease contracts to pass commercial and technical responsibility and 

risks to the private sector; 
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• Concession contracts to pass full commercial and technical 
responsibility and risks to the private sector and, in addition, the responsibility for 
obtaining capital funds.      
  
Capital funds for infrastructure components (such as water treatment works or pumping 

stations and pipe lines) can also be obtained under arrangements, such as: 
 

• Build Own Operate and Transfer (BOOT), assets transfer to the public 
sector at the end of the operating period;  

• Build Operate and Transfer (BOT) used for BOOT; 
• Build Own Operate (BOO), assets remain with the private sector 

indefinitely.  
 
These involve operation of the asset as part of the overall water supply system which is 

controlled by the public sector, so that the commercial risk taken by the private sector should 
be small. 

 
The suite of PPP options allows flexibility in that greater responsibility for water 

supply can be passed to the private sector in stages, e.g. by moving from a management 
contract to a lease or concession. 

 
3. Water Supply Sector 

 
Water supply schemes can range from small single sources serving one or a few nearby 

houses to major distribution networks with many sources serving millions of people. Different 
approaches are required to establish and run these schemes. At the small end of the range are 
individual houses and at the large end are megacities. Table 3.1 sets out some of the factors 
that differ over the range. The lowest level of body that could be responsible for the water 
supply is given to show how far decentralisation could go. On the other hand all schemes could 
be controlled by central government, but the trend is towards more involvement of local bodies 
and the consumers.  

 
In most developing countries central government has financed infrastructure. Funds 

from donors in hard currency are normally routed through government, which on-lends in local 
currency. Consumers will pay for water in the local currency and part of this income can be 
used to repay local loans. Often there are restrictions preventing free exchange of local 
currency but as Government has control of the national economy it also has an influence on 
differential inflation between local and hard currency. Therefore, government normally takes 
the risk that the exchange rate may deteriorate, so that the loan repayment in local currency 
does not cover the foreign loan repayments in hard currency. 

 
In theory, local bodies could set tariffs for their areas that would earn enough income to 

cover costs. However, as water supply tariffs are often perceived as a political tool, central 
government may also have powers to approve or disapprove increases. These decisions are 
usually made on very general grounds, not on the actual income required to run the system.  
Normally a water utility will use the same tariff structure and levels over the whole of its area 
of supply rather than trying to charge parts of the area at different rates that reflect actual local 
costs. This means that some areas can be charged less than it costs to supply them (see section 
5.4 on cross-subsidy). The larger the consumer base the easier it is to cross-subsidies poor 
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areas. In rural areas most of the consumers may be classified as poor on the basis of income 
and there may not be any large users, both of which preclude cross-subsidisation. 

 
The strength and weaknesses of the each size of consumer groups is also given in Table 

3.1. Often small schemes cannot attract the skilled staff to run them. In addition, they may need 
some skills from time to time only and not continuously. Larger schemes can attract and fully 
utilise good staff. Villages can be grouped together (aggregation) under a single body that is 
responsible for overall management and support to provide the necessary skills. Economies of 
scale in large systems help to keep costs lower. For instance, billing can be computerised and 
payment made easier.  

 
Water Supply 
for: 

Organisation at 
lowest level 

Main 
Provider of 
Assets 

Fix charges 
(Cross-
subsidy to 
poor) 

Strengths Weaknesses Private 
operating 
partner 

Single house Householder Householder Householder 
(no) 

Consumer choice 
of service 

Needs cheap local 
source, Consumer funds, 
low cost 

Plumber 

Few houses Source 
committee 
CBO 

Source 
committee or 
govt 

Local 
(no) 

Community 
choice of service 

Requires adequate local 
source, 
Consumers  share high 
costs  

Plumber 

Village Village 
committee/ CBO 

Govt. Local 
(possible) 

Village choice of 
service 

Must have good local 
source,  
Difficult staffing 

Local 
company, 
CBO 

Aggregation of 
villages 

Village 
committee/ CBO 

Govt. Local 
(possible) 

Village some 
choice of service 
Economies of 
scale 

Must have good local 
sources,  
Easier staffing 

Local 
company, 
CBO 

Multi 
village/town 

Project  Govt. Govt 
(possible) 

Economies of 
scale 
Use distant source 

Restricts local choice, 
Difficult staffing 

National 
company 

Small town Local govt. Local/central 
govt. 

Local 
(possible) 

Town choice but 
must have local 
source 

Costs and tariffs vary 
between towns, Staff not 
attracted  

National 
company 

Large town Municipality Municipality, 
govt 

Municipality 
(yes) 

Economies of 
scale 
Spread costs 
Attract good staff  

Uniform service, 
Large operator 

National or 
international 
company 

Megacity City council City/govt City 
(yes) 

Economies of 
scale 
Spread costs 
Attract best staff 

Uniform service, 
Large operator 

International 
company 

 
Table 3.1 Characteristics of water supply to sizes of groups of consumers 
 

Table 3.1 also gives an indication of possible private sector partners for PPP. Very 
small systems can have an arrangement with local plumbers or blacksmiths to keep them 
running. Local and national companies might be partners in larger settlements. International 
companies will be interested only in large systems or groups of systems where their overheads 
can be spread and they can use their particular skills. It must be emphasised that all plans for 
PPP that are trying to attract the private sector must be commercially viable and profitable 
compared with the risks. This may require some capital and operating subsidies, at least 
initially, until tariffs can be raised.   

   
The availability of water sources is a major factor in planning a scheme. Groundwater 

is usually good quality and is locally available. However, groundwater in some areas has 
naturally high amounts of arsenic or fluoride, both of which can cause health problems in the 
long term. In these areas the best option may be large schemes using surface water.    
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Table 3.2 sets out the range of the main ways in which consumers can obtain water for 
different levels of service. An indication is given of the main uses for each type of supply. 
Where other less safe sources are available, water used solely for food and drinking can come 
from expensive sources. However, where other sources are not available consumers may have 
to use expensive sources for all purposes. This can be a very severe burden on the poor. To 
reduce the cost burden, free non-potable water could be provided by wells or boreholes or by 
not charging for standposts.  Some kiosks are subsidised by paying the attendant’s wages or 
allowing him part of the income from water sales. An indication has been given of the initial 
costs to consumers. Where water is collected, the householder’s cost includes for buying 
vessels to carry water and possibly for some larger storage vessels in the house.  

 
Supply Main 

Use 
Initial costs to 
consumers 

Pay 
Process 

Level of 
charges 

Coping costs 
Intermittent supply 

Remarks 

Piped water        
House connection All High, pipe Monthl

y 
Low High, storage tanks, 

pumps 
Preferred system but waste 
water must be disposed of. 

Yard tap All High, pipe Monthl
y 

Low Moderate, storage 
vessels 

Can upgrade to full plumbing 

Standposts Food Low, Containers Cash,  
if 
charge 

Free to 
high 

Low, Storage in house Can provide free or subsidised 
service to poor, or be charged 
per container 

Water kiosks Food Low, Containers Cash High Low, Storage in house Often restricted opening hours, 
charges can be high to pay 
wages. 

Neighbour Food Low, Containers Cash Low Low, Storage in house Depends on local community 
Non-piped water        
Vendors Food Low, Containers Cash Expensiv

e 
None Unreliable, can be unsafe 

Communal open well All Low, Containers Free Low  None Can be unsafe for food 
Tube well, borehole All Low, Containers  Low Standby electricity Can have local distribution 
House well, borehole All High Free Very low None GW can be contaminated, in 

urban areas especially 
Local river or canal Washin

g 
Low Free None None Can be very contaminated, 

seasonal availability 
Rain water 
harvesting 

Washin
g 

High, pipes and 
storage tank 

Free Low None Depends on adequate, frequent 
rain.  

Bottled water Drink, 
Food 

None Cash Very 
expensive 

None Not affordable by most, bottle to 
be disposed of. 

 
Table 3.2.  Levels of service 

 
Payment methods are shown in Table 3.2. Consumers with connections will pay 

monthly, those buying water in vessels will pay cash and other sources are free. An indication 
of levels of charges is given. Vendors supply poor consumers who are distant from other 
sources. As the charges made by vendors are high, consumption is severely limited by financial 
constraints, which can create a health hazard to the whole community.  

 
Where a piped supply is intermittent and low pressure, wealthier consumers may make 

there own provisions to improve the level of service within their houses. These are referred to 
as “coping” activities and costs. Underground tanks are constructed in the garden or under the 
house with a pump to raise water to a roof tank from which the house can be supplied by 
gravity. Storage, pumps etc, within properties are paid for by the house owner. If the 
groundwater is high, shallow boreholes can be sunk and fitted with a hand pump. However, 
these coping activities can be a health hazard if waste water is disposed of by septic tanks, 
which can cause pollution of the groundwater.   

  
Most consumers would like a piped water supply system plus a house connection to 

serve a number of water using appliances such as sinks, showers and toilets. The next best 
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supply is a yard tap providing a single delivery point from which water can be carried to the 
point of use. However, even with a house connection, consumers may still choose to use 
tradition sources for certain purposes. Consumption from a piped water system may be only 
part of the total water used by a household.  

 
An assessment of the water that will be sold at the price needed to cover costs should 

include consideration of the availability of alternative sources that might be used as well as the 
piped service. This is most important in rural areas where traditional sources will probably 
remain useable even if piped water is installed. The piped water supply is not a monopoly and 
the water utility has to bear in mind that consumers have a choice of sources. The level of 
service from the piped supply has to be better than others, e.g. more easily available, better 
quality, more reliable, and not so expensive that the volume sold will be small. 

 
Alternative sources such as shallow boreholes and rivers may also be accessible in 

urban areas. Both are often contaminated, by sewage from septic tanks in the former and 
pollution from sewage and solid waste in the latter. Nonetheless, in urban areas piped water is 
more likely to be a monopoly than in rural areas. In theory, a monopoly could tempt operators 
to charge excessive prices, so some control mechanism (regulation, see section 8) is essential 
to safeguard consumers. If the public sector is running the service, tariffs are normally kept 
low by political pressure and in many cases are too low to properly fund the operations. If the 
private sector is supplying piped water, control is normally provided by an independent 
regulatory body. It has responsibility for ensuring that tariff levels are consistent with costs that 
are incurred in running a sustainable service with a reasonable profit margin. Unless the 
operation is profitable, banks may not be prepared to offer finance to cover cash flow deficits 
and further investment. There is a strong argument to apply the same level of regulation to the 
public sector as to the private sector especially where the oublic sector is being made 
autonomous. Whether operated by the public or private sector, it is not in the long term interest 
of consumers for a water supply operator to: 

 
• Under invest in routine and preventive maintenance because the service 

will deteriorate with time.  
• Be virtually bankrupted because of low tariffs, as the service will be 

seriously interrupted and will require time and even higher tariffs to restart it, possibly 
with another operator.  

4. Sustainability 
 
The basic concept of sustainability has been explained in Box 2.1. It is essential to have 

a balanced sustainability triangle for any water supply scheme to continue to provide the 
desired levels of service. This section covers some of the aspects that can contribute to 
sustainability and some that are most likely to contribute to deteriorating services. 

 
4.1 Factors contributing to sustainability 

 
These include: 
 

a) Consumer support. This is essential to keep water supply systems 
operating. These include such factors as: 

• Regular payment in full against bills. Bills should be monthly in 
developing countries. A discount for early payment is more effective than a 
penalty for late payment. Experience in Kathmandu is that most consumers pay 
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in time to claim a modest rebate. Consumers should be able to pay bills easily, 
near where they live, at convenient times. Low value coupons for water 
payments, which are purchased when money is available, can be a way of 
spreading payment especially for poor consumers who have difficulty in saving. 

• Encouraging consumers to report deteriorating services by 
responding quickly and efficiently to complaints. 

• Explaining the operational process and reasons for tariff 
increases. 

• Good public relations and transparency 
b) Adequate funds and income. Water supply schemes are high capital cost 

and relatively low running costs. However, cash flow is critical to any business and if 
consumers are charged on the basis of measured consumption it is inevitable that 
billing and payment will follow on after expenditures have been made on supplying 
water. This is not the case if charges are based on indirect measures of consumption 
such as property size or value (see section 5.3.2), when bills can be sent out ahead of 
costs being incurred.  Operators must be credit worthy if they are to be able to fund 
their working capital by borrowing. 

c) Appropriate development strategy and designs. The public sector and 
private sector have different priorities in the design and operation of water supply 
schemes (see Box 4.1). A development strategy that would be acceptable to the public 
sector using government and donor funds for capital works would not necessarily be 
the most effective for the private sector, especially if the private sector is to provide 
finance. 

d) Sound construction. This will minimise later difficulties and costs. The 
private sector will ensure that construction standards will achieve the design life, 
especially for underground infrastructure where poor construction can lead to high 
leakage from pipes. The operators can also check that operations will be efficient. 

e) Operational skills. These are generally enhanced by the private sector 
which will introduce equipment which may reduce staff levels but will train staff to run 
them. This will increase staff skills and lead to higher wages so that the private sector 
has fewer staff but with higher wages, including performance bonuses.  

f) Regular and preventative maintenance. This will prolong the life of both 
fixed and moveable assets. In many public water supply systems, maintenance is 
neglected because of lack of funds. The impact of lack of maintenance is noticed only 
after a number of years during which systems will continue to run but less and less 
efficiently. This progressive deterioration in performance then requires a major 
rehabilitation project to restore the facility. The overall cost is higher than prolonging 
the asset life through proper maintenance.  
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ICB is international competitive bidding, NCB is national competitive bidding   
 

4.2 Factors that contribute to deterioration 
 
These include: 
 

a) High physical losses. A very significant proportion of water put into 
distribution systems is “lost” before it reaches consumers by leaks from underground 
assets (pipes, valves, connections etc). The majority of losses are leaks from pipes 
caused by one of more factors such as: 

• Poor initial construction especially jointing; 
• Fracture of pipes due to poor bedding and increased vibration 

from heavier traffic; 
• Internal and external corrosion due to poor protection; 
• Faulty jointing of house connections to pipes in the road.  

Losses range from about 10 to over 50 percent of total supply. Leakage 
reduction measures detect and repair leaks early, thereby “saving” the water that would 

Box 4.1.  Comparison of development strategies and designs for public and private 
sectors 
 
Factor    Public    Private 
 
Planning   Ambitious   Cautious  

Schemes  Large (no stages)  Small (can stage) 
Implementation Moderate   Quick (early income) 
Costs   Capital only   Full life (build/run) 

 
Financial  
 Capital   Central Govt Budget  Concessionaire/BOOT 
 Operation  Local Govt   Commercial 
 Income source  Indirect (budget)  Direct (consumers) 
 
Implementation  ICB/NCB   ICB 
 Qualified bidders Many (more choice)  Few (less risk) 
 Competition  National   International 
 Duration  Short term   Long term 
 Contract  Tight    Flexible (adjust) 
 
Staffing    Many (status)   Few (efficiency) 
 Skills   Low (lack training)  High (with training) 
 Pay   Fixed (govt scale)  Vary (skill related) 
 Incentives  Long term (pensions)  Short term (bonus) 
 Flexibility  Low (rigid tasks)  High (move for jobs) 
 Security  High (job for life)  Low (performance) 
 Tasks   In house   Out source 
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have been lost had the leak continued. Lengths of pipes that persistently develop leaks 
should be replaced. 

b) Inadequate billing of charges. This means that income is lost. Customer 
bases should be complete and up to date, which can be difficult in areas that do not 
have an address system, such as shanty towns. Domestic meters generally under read 
because they do not respond to low flows; especially the cheaper models which are the 
least accurate. Meters can be tampered with, especially if installed within properties. 
However, those outside properties can be damaged. Illegal connections and by pass 
pipes to meters are a direct loss of revenue. Billing is easiest with a simple billing 
system. 

c) Deterioration of services. Consumers are less willing to pay bills, 
especially if follow up on outstanding bills is weak and spasmodic and penalties are 
added for late payment.  
 
In many areas the raw water resources available for water supply are limited. In others, 
new sources may be more distant and therefore more expensive. Conflict can develop 
between water for irrigation and urban use, but the latter will pay more for water.  
 

4.3. Impact of tariff increases 
 
Many water charges in developing countries are below the level to give enough income 

to run the system in the long term. The trend is to set tariffs that cover at least operating costs 
and, preferably, some part of capital costs.   

 
Piped water is used for many purposes, some of which are essential for life but others 

are not. All consumers will pay highly for the volume of water that they consider is a top 
priority such as for drinking and cooking, they will pay less for uses that are not critical but 
still contribute to well-being such as washing. Wealthier consumers will pay proportionately 
even less for luxury uses such as watering lawns, cleaning cars, filling swimming pools. 
Therefore, if the consumer demand is fully satisfied at a certain tariff level, i.e. some 
consumers are buying water for non-essential uses, any tariff increase could lead to a reduction 
in usage as some of these consumers decide to cut back on using water for some purposes. 
Industry will look at means of reducing consumption from the mains and may introduce 
recycling of waste water from some processes that it can treat and then use for other processes 
with less stringent requirements. In an extreme case large consumers will choose to install their 
own private water supply system, usually with a borehole taking groundwater from below their 
property. Demand is “elastic” as it depends on costs. 

 
However, in many developing countries the consumer demand is not satisfied. 

Consumers may well accept increases in charges and maintain their consumption. In fact 
consumption may increase if the supply is improved at the same time. 

 
Therefore, the price that consumers consider to be reasonable for piped water supply 

depends on many factors including: 
 

• Historic rates of charging to which consumers have become 
“calibrated”. In many countries these rates have been highly subsidised in the past for 
public health, humanitarian, religious or political reasons. 

• Level of service and coping costs incurred by consumers to improve the 
service within their houses. In an intermittent system, once a householder has installed 
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tanks, pipes and pumps in order to supply water to his house all day, the owner will be 
less willing to pay more for a 24 hour supply in the street. However, a consumer 
without his own facilities will be prepared to pay more. 

• Rate at which tariffs have risen in real terms (excluding inflation). A 
gradual rate will allow consumers to become used to new levels. Small but frequent 
increases are more acceptable that infrequent but large rises. 

• Expenditure on water supply (and coping costs) relative to family 
income. Donor guidelines suggest that families in developing countries should budget 
on paying five percent of income on water supply and waste water disposal. However, 
poor families will often pay more and wealthy consumers will pay much less as a 
proportion of income.   

 
4.4. Intermittent water services 

 
In many developing countries, water supply systems are not able to perform because of 

faulty construction, inadequate maintenance, insufficient capacity, under-investment and 
alienated consumers. The result is an intermittent system that supplies water at low pressure for 
a few hours per day. Consumption is limited or rationed by the amount of water that is actually 
put into the system and how this is distributed.  

 
In many ways operating an intermittent system is much more demanding on a day to 

day basis, than running a 24 hour supply. Many of the sound management and operational 
techniques developed for good systems just cannot be used. Limited supplies have to be 
switched between areas once or twice per day, so that all get some water. 

 
Water delivery pipes are laid underground for many reasons. Often pipes are 

surrounded by groundwater that has been contaminated by sewage leaking from sewers or 
septic tanks or infiltration from the surface. In a 24 hour supply system a positive pressure is 
maintained in the pipes which causes leakage of water out of any holes but prevents ingress of 
contaminated water. However, in an intermittent system the pressure in the pipes often falls to 
zero or negative so that groundwater can infiltrate, which makes the supply potentially unsafe 
for drinking. 

4.5. Upgrading supply 
  
Many of the challenges in developing countries are to upgrade and expand water supply 

services to provide better services (improved safety) and more complete coverage (see section 
2). This can be a huge task, especially if consumers are accustomed to supplies of a few hours 
every so often at very low pressures. Their fittings will not withstand higher pressures without 
leaking. Similarly, the distribution network will probably leak at a very high rate. 

   
The task of upgrading poor systems is huge and expensive. Governments may be 

tempted to hand the whole problem over to the private sector. However, this is not realistic as 
government still has full responsibility to provide water as a public service. In addition, a piped 
water supply in urban areas is often a monopoly so some public control of tariffs is essential. 
Finally, private sector operators are not prepared to take the full risks themselves, especially in 
providing large investments with a return only in the long term. 

 
5. Cost Recovery and Sources of Funds 

 
5.1 Cost recovery 
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The process of cost recovery is crucial to the implementation and sustainability of 

water supply schemes. All types of water supply schemes are capital intensive. Operating costs 
are normally not high unless energy is required for pumping. In nthe range of types of 
schemes, some have low running costs but in others running costs are high: 

 
1. Lower running cost schemes:  

• Deep/shallow wells with hand pumps 
• Protected springs 
• Protected dug wells 
• Protected rainwater catchment systems 

 
2. Higher running cost schemes: 

• Piped water supply systems with adequate treatment, especially where                          
                  pumping is necessary;  

• Desalination of sea or brackish water. 
 
In the case of piped water supply, the preferred strategy is to recover the cost of 

providing infrastructure through some form of usage charge. Consumers pay periodically e.g. 
monthly or annually. The water supplier arranges all finance for new infrastructure and passes 
on these costs as necessary (some finance may be grants). In large water supply operations, 
where a new scheme is part of a substantial functioning system or systems, the cost of new 
infrastructure can be absorbed by charging all existing consumers a relatively small amount. 
This applies to a supplier running a single large system or one running a number of systems 
where all consumers are charged on the same scale irrespective of which system they are in. In 
addition, the supplier will probably take out loans to spread new infrastructure costs over a 
number of years. 

 
A new pipe water scheme to provide a higher level of service to the whole of a 

community is costly. Income is not generated until consumers are connected. The full capacity 
of the scheme may not be utilised for a number of years. If the full costs were to be charged to 
the water utility at the time that expenditures were made a huge deficit in cash flow would 
result. To mitigate this situation some or all of the capital cost of schemes is often borne by 
government.  

 
In rural and small schemes, the community is sometimes required to contribute in some 

way to construction. Their contribution can be in labour, which reduces the capital cost, or in 
cash which reduces the deficit to government. However, the consumers have either to have 
saved this cash contribution or they have to borrow from a bank or other source in order to pay. 
Any borrowing increases costs to the consumers especially where commercial loans are short 
term and high interest. Poor consumers may just not be able to raise loans, but might provide 
labour. Wealthier consumers may prefer to pay the cash contribution.   

      
Any lump sum charge for connection will be more difficult for poor consumers to pay 

than more wealthy consumers and may prevent the poor from joining a new or existing system. 
Therefore, in order to encourage consumers to connect (and use the infrastructure) the supplier 
can spread lump sum charges by collecting in instalments through water bills.   

 
The disparity between initial capital costs and running costs is even more pronounced 

for lower running cost schemes. However, labour contributions to construction costs could be 
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higher. The costs of operating and maintaining a dug well or spring are negligible. A hand 
pump can break and need repair. Filters on rainwater catchments need cleaning from time to 
time.  In addition, any arrangement for charging for usage has a significant cost for billing and 
charging. 

  
Some systems for charging consumers may actually reduce the availability of water and 

the convenience of a new system. In some countries, an operator is put in charge of each water 
delivery facility, such as water kiosks. The operator levies an agreed charge for each bucketful 
or container of water supplied, which provides their income, covers routine maintenance and 
pays for the bulk supply to the facility. The water sources have to be sufficiently far apart for 
there to be enough consumers for each kiosk to generate adequate income to the operator. In 
Africa, kiosks can be one kilometre apart to generate enough consumers for each. The kiosk 
will operate during certain fixed times only, depending on availability of bulk water and 
reasonable working time of the operator. These constraints are counter to the policy to provide 
an easily accessible source of water within a short distance. 

 
Alternatively the community can accept responsibility for operating and maintaining 

the scheme. A one-off charge may be levied from the consumers when a repair or replacement 
is necessary or a small charge could be levied each month in order to build up a fund that could 
be used as full or part payment if there is a breakdown in the future.  

 
5.2.  Subsidies 

 
Often government provides a water supply service which incurs costs for investment 

and operation and maintenance. To be sustainable these costs must be covered by direct 
income through charging consumers or by subsidy from government or both. Although any 
subsidy many appear to come from “government”, it is in fact provided from taxes paid by the 
population in one form or other. Therefore, the population already pays directly or indirectly 
for the full cost of water supply.  

 
Forms of subsidy that are in common usage include: 
 

• Capital costs. These cover new works. Often government will cover the 
full cost of construction through a grant to the water utility or, more usually, by 
implementing the construction of the works itself and then handing them over to the 
operator. In the past donors have supported this approach with loans but are now 
requiring that some or all of these costs be passed on to the consumers.  

• Operational support. The cost recovery strategy is often changed by 
government, possible in order to obtain loans from donors. Typically the new target 
could be to recover the full cost of operation and maintenance plus some part of capital 
costs direct from consumers. However, for public health and other reasons government 
may be reluctant to sanction large enough increases in tariffs immediately. Nonetheless 
if the operator is to remain financially sound its total income must cover total costs on a 
year by year basis. Therefore, the deficit can be covered by an operational subsidy, 
which should be accepted as being temporary and would be phased out as tariffs are 
increased gradually in real terms. A time bound operating subsidy will sometimes be 
provided by donors. 

• Major maintenance and rehabilitation costs. These can also be covered 
by grants or better-than-commercial loans from government, again with the support of 
donors. At the start of most large concession contracts a substantial sum has been 
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provided by donors to rehabilitate the system up to a reasonable level where efficiency 
savings can then be achieved by the private sector. 

• Relief of dues to government. These can take the form of tax relief to the 
private sector for a number of years (tax holiday), waiver of import duties on 
equipment and exemption of tariffs from Value Added Tax (VAT). Any means of 
keeping tariffs low will increase water sales where there is adequate capacity to supply.      
 

5.3. Tariff structure and levels 
 
Current policies are to move towards full cost recovery from consumers through direct 

charges. This infers reduction of subsidies to the sector and setting up a functional tariff 
structure at adequate levels. However, no tariff system can reflect the true cost to each 
consumer so an averaging system is used based on a balance of income and costs over supply 
areas or at local government or national levels. This means that there is always some form of 
inequity between categories of consumers and individuals in the same category.  

 
In many countries, industry and commerce are charged a higher rate per cubic metre for 

water than domestic consumers. The reasoning is that the former are profit organisations and 
can pass on this cost to those who buy their services (i.e. directly or indirectly to the population 
at large). The cost of a piped water supply system within a dense urban area is usually less than 
the equivalent for rural areas because a shorter length of pipe is needed per consumer. 
Consumers that use less water are more expensive to supply per cubic metre than those that use 
more as each consumer has the same pipework, head office and billing and collecting costs. 

 
5.3.1 Charges based on measured consumption 

 
There is concern that poor consumers may not be able to pay the full cost of water 

supply (whether this be just for operation and maintenance or also includes capital costs). One 
solution that has been applied in many places is to increase the unit charge for water as 
consumption increases. A block structure is used with the lowest block of up to 6 to 20 
m3/month being provided at less than cost. One or more higher blocks are charged at or above 
cost, to achieve the necessary income. In particular the highest block may be set at a rate that is 
intended to discourage excessive usage. However, this approach has a number of 
disadvantages: 

 
• Consumption has to be measured. Consumers’ meters must be read each 

month at the same time to establish how much water has been taken in each block. 
Metering is expensive and subject to serious error especially when supply is 
intermittent because air passes forwards and backwards through the meter as the water 
supply starts and finishes. Meters tend to under record low water flows and often fail. 

• The initial (lifeline) block is charged to all consumers, whether they are 
poor or not, so all consumers receive some water at less than cost. In some places the 
tariff structure is a charge rate per cubic metre increasing with consumption, with all 
the water being taken in the month being charged at the unit rate for that consumption. 
This means that monthly bills are very sensitive to the measured monthly consumption, 
which puts considerable importance on accurate meters and regular recording.    

• Often a number of poor families share one connection. Their total 
consumption exceeds the lifeline block so that they also buy water at higher rates. In 
fact most of the water they buy may be charged at more than cost. 
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• Wealthy consumers who use piped water for luxury purposes are least 
likely to be constrained by the cost of supply, so may continue to use excessive 
amounts even during seasonal shortages. 

• Operating costs are only partly related to water supplied as many costs 
such as those for infrastructure, staff and overheads are fixed or difficult to change. 
Sometimes a fixed charge is made as well as a variable charge based on consumption 
which models costs more accurately. 
 

5.3.2. Charges based on indirect measures of consumption 
 
Although charging by measured consumption is widely used there are well tried 

practical alternatives that have certain advantages especially if supply is intermittent. These are 
based on indirect measures of consumption and an indication of ability to pay and include: 

 
• Charges based on size of property, large properties pay proportionately 

more than small properties. The area of properties can be measured once only and can 
be checked easily. Large properties are likely to have more water using facilities and 
appliances. 

• Charges based on size of house connections. The rate of flow is 
controlled partly by the diameter of the connection from the main pipe in the road. 
Large consumers can choose a larger diameter connection pipe which can deliver more 
water under equivalent conditions. 

• Charges based on location, with better areas being charged at a higher 
rate per unit of property size. This reflects the likelihood of more water using 
appliances in wealthy areas and being able to pay. 

• Charges based on an assessment of the value of the property, which can 
include both size and location. Size can be measured easily and checked from time to 
time. Property value is only practical where it is ascertained for other purposes, such as 
local taxation, which case a part of the house charge may be allocated to water.  
 
The advantages of these indirect systems are: 
 

• Poor consumers can be identified indirectly by the size, location or 
construction of their dwellings without more complex tests to establish their poverty 
level. A targeted low tariff can be charged on an area or house basis. 

• Saving in costs for installing, repairing and replacing meters, and for 
meter reading and billing each month. This saving can be passed on to consumers. 

• Errors in meter measurements are avoided. These can be very high for 
intermittent supplies because meter measure air not water. 

• The base on which tariffs are charged is known in advance and will not 
change during the year. Bills and payment can be in advance of costs. 

• Income is secure even if droughts reduce the volume of water that can 
be supplied.  

 
The disadvantage of these indirect charging systems are: 
 

• As the same water charge is made irrespective of consumption there is a 
perceived risk that usage and wastage may be excessive but in fact is limited by 
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flooding or overloading septic tanks. In many intermittent systems there is just not 
enough water to waste. 

• Total consumer usage cannot be determined by summing total measured 
water sales. However, in most metered systems a high proportion of meters are faulty 
or broken, especially in intermittent systems where any readings can be very 
misleading. 
 
The method of charging should be related to the practicalities of each situation. In poor 

areas a flat rate may be more effective than measurement because the cost of metering can 
exceed the cost of supply, i.e. more than double the monthly charge.  

  
5.4. Cross-subsidy 

 
For the reasons discussed above, some element of cross-subsidy is inevitable, i.e. some 

consumers will pay more than the “real” cost whilst others will pay less. 
 
The smaller the water supply system the less likely that cross-subsidy will be possible, 

particularly in rural areas without industry or commerce and with few large consumers. 
Establishing a specific tariff level for each community may well lead to significant differences 
in charges between communities, because of the different costs of installing, operating and 
maintaining each water supply system. For instance, communities living on hills can be faced 
with high pumping costs, whereas those in valleys might be able to distribute water by gravity. 
Those using surface water sources may be faced with significant water treatment costs that are 
not necessary for groundwater. Inevitably, anomalies will occur.      

      
There are some strong arguments both for and against cross-subsidy to ensure that all 

consumers have adequate safe water. In favour are: 
 

• Public health has an impact on the whole community. Adequate safe 
water is a major contributor to health. In epidemics of cholera or typhoid the whole 
country may suffer economically as well as personal losses. 

• Charges can cover a large area, thereby evening out local high and low 
cost anomalies. 

• The rich universally pay more than the poor through taxation schemes 
based on income, consumption and life style whereas the poor benefit more from social 
services funded out of this general taxation. 

• Commercial and industrial consumers require a healthy workforce and 
are prepared to support safe water supply to their workers and their customers. 
However, they must also minimise their costs so may develop their own water supply 
system if charges are excessive. 

• Consumers have a choice of paying more or less for water but those who 
are most able to pay are not penalised.   
 
Against cross-subsidy are: 
 

• Unnecessarily high charges to some consumers compared with the cost 
of their particular service. 

• If all consumers are required to pay close to actual costs it might 
discourage settlements in remote or inaccessible areas that are difficult and expensive 
to serve. Consumers might settle in areas where water charges are less. However, most 
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developing countries face severe migration from rural to urban areas and governments 
try to keep people in even remote communities.  

• Higher charges to larger consumers do not reflect actual costs as the unit 
cost of supply falls as more water is sold, costs are spread and infrastructure is used 
more fully. 

6. Pro-Poor Mechanisms 
 

6.1 Benefits of good water supply 
 

The international community has established a priority and targets for poverty 
alleviation. It has recognised that adequate safe water nearby is a major contributor to this aim 
by improvement in health and time saving of all consumers but with more impact on the poor, 
which in turn will: 

 
• Increase use of water to improve overall well-being. 
• Reduce illness and suffering. 
• Reduce expenditure on medicines, which can be ill-afforded by the poor. 
• Increase output of workers by reducing illness which can cause 

underperformance or absence from work. The poor are unlikely to be paid if they do 
not attend at their work place. 

• Reduce absence from education institutes. 
• Save time spent in collecting water. 
• Create capacity for employment opportunities in the time saved in 

collecting water. 
 

6.2. Pro-poor approach 
 

Recognizing the special needs and vulnerability of the poor has been termed “pro-
poor”. However, this concept may restrict the scope of projects and institutional arrangements 
that could help alleviate poverty if emphasis is placed on the poor on their own. 

 
Although pro-poor strategies are aimed at helping the less well off members of the 

community there can be resentment in being classified as “poor”. This suggests some 
inadequacy and causes “loss of face” within the community. As an example, in some areas of 
Manila, water was provided through officially appointed standpost operators who either sold 
water to consumers at the standpost or filled consumers’ containers which the operators then 
delivered to houses using small trailers. This latter service was slightly more expensive but was 
very visible and clearly established that those having water delivered had risen above the 
lowest level in the community. Water being delivered was a small but significant status 
symbol.    

 
The other risk in the use of the term pro-poor is that it can be interpreted as focussed 

entirely on the poor. As piped water supply is relatively expensive to install and operate any 
scheme which is serving the poor only is almost certainly not affordable and must have a 
substantial subsidy. If the scheme is part of a larger system then cross- subsidy is also a real 
option. 

 
The poor can benefit directly in the ways listed above. They can also benefit indirectly 

if the operator can earn more which could be used to provide services to the poor special 
favourable conditions. For instance, the creation of large consumers paying more than the cost 
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of water can lead to greater capacity for cross-subsidy to the poor. Consumer groups can 
reduce construction costs by undertaking some construction activities using local labour to 
effectively reduce overall costs and save money that could be used to help the poor. 

 
The pro-poor methods that can assist the poor directly include: 
 

• Subsidised tariff levels. (see section 5.3.1) This can be achieved through 
a lifeline block of water supplied each month at less than cost. This is a crude and 
rather wasteful approach towards all consumers. 

• Targeted subsidy. This is aimed at poor consumers through existing 
social safety net provisions. Those who qualify would receive money or coupons from 
government with which to pay their charges to the operator. This is an efficient form of 
subsidy but does require a sound process for identifying poor consumers to be in place 
and to be administered fairly. 

• Lower service levels. These are provided only to poor areas but at lower 
cost. These include standposts with free water, or if a charge is made the provision of 
some other convenient sources for non-potable purposes. Communal taps can be fitted 
with busbars holding a number of domestic meters, one for each local household. The 
occupier can then attach his own flexible hose pipe to take water to his house. This 
system is appropriate in shanty towns with narrow pathways, especially those which are 
likely to be redeveloped later. 

• Regular and frequent billing. These should be coupled with easy 
payment so that consumers are not faced with large bills for which they need time to 
accumulate money to pay. 

• Special connection charges. These may be low and/or spread over a 
number of years, as discussed below. 
 

6.3. Connection charges payment 
 
Experience world wide is that low income families have difficulty saving to meet 

substantial cash payments. However, they can manage to pay a smaller amount each month on 
a regular basis, even though the total sum paid may eventually exceed the original lump sum. 
The inability to manage money with numerous day to day demands is the main problem, not 
affordability. This leads to an exploration of means of making payment easier for consumers 
without disadvantaging the operator significantly. The basic concept should be to spread 
payment for house connections in an affordable and manageable way. This could be achieved 
by: 

 
• The consumer borrows from a money lender. Often rates are exploitative 

and duration of loans is no more than a few months or up to a year so the cost to 
consumers is very high.  

• The operator spreads any connection charge over a number of years. 
Although the operator is in effect giving a loan he is also immediately generating 
additional income to himself by selling water to a new consumer. Therefore, the 
operator can afford to charge little or no interest. The operator has the additional 
safeguard that if the consumer can afford to repay connection charges in instalments, he 
is also likely to pay monthly bills. 

• Donors can specifically channel part of the funds for a water supply 
project to ensuring that poor consumers do connect to a new system. These funds could 
be a grant but existing consumers might consider this to be an unfair benefit as they 
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have already paid for their own connection. Usually, donor grants are used where a 
project is specifically targeting the very poor but this creates a financial risk for the 
operator because these consumers may not pay regularly. 

• NGOs provide the initial funds for connection and charge consumers by 
instalments. In some places NGOs have also assisted with improvements to water using 
facilities within properties in order to make best use of the easier access to water. The 
cost of these internal facilities is also covered by loans.   

 
7. Anti-Poor Factors 

 
This section reinforces the importance of taking an overall view of water supply and 

evaluating what aspects could have an adverse impact on the poor but not on other consumers.  
 
Poverty alleviation requires that job opportunities are created where skilled and 

unskilled work can be obtained. Many industries require reliable and good quality water for 
their processes. An industrial organisation looking for sites for a new factory will consider 
many factors amongst which will be the availability of labour (reservoir of appropriate work 
force) but also the water supply. The prime decision factor for water is likely to be reliability of 
water supply as any lengthy disruption could stop the process. Short interruptions or daily 
fluctuations can be covered by local storage in the factory. Quality is a serious consideration 
but many processes require better than potable standard so the factory may establish its own 
treatment plant. The cost of water is critical. The new factory may not be competitive if water 
charges are excessive.  

 
The interest of the local poor is not served by charging industry much higher than the 

cost of supply if this means that the factory is located somewhere else and their job 
opportunities are lost. In addition, the operator will loose a potential good consumer. In 
extreme cases a new factory may opt for establishing its own water supply which creates jobs 
for the community but not income to the water supply operator. Charging high tariffs to 
industry may discourage new factories that would be of most benefit to the poor because of 
jobs for them. Other consumers who do not want work in a new factory may well oppose 
industrial development for environmental reasons.     

 
The importance of adequate income to run the water supply system has been 

emphasised (section 2 with the sustainability triangle). The ability of non-poor consumers to 
install coping facilities that improve their water supply has also been explained. The problem is 
that the poor cannot afford to install storage tanks etc and are very reliant on taking water when 
it is available. Sometimes this may be only in the middle of the night when upstream users are 
not taking water. Therefore, if a water supply system is unreliable and/or intermittent the poor 
are hit hardest. The logical extension of the argument is that the poor should be given a better 
service than richer consumers because the poor are least able to afford special measures to 
collect and store water. 

 
The poor are also most disadvantaged if the service deteriorates. Sustainability of 

services is more important to them than other consumers who would take measures to cope 
with worse supply. Sustainability cannot be achieved without adequate income so crude 
charging mechanisms that purport to help the poor through a life line block may actually have 
the converse effect. This is because even those who can afford to pay the cost of water are 
charged less for the initial block. The low initial block causes a loss of potential income to the 
operator that could be used to improve sustainability. In addition many poor families may use 
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the same metered supply so would actually consume sufficient to take them into higher 
charging blocks. 

 
The operator (whether public or private) will be under some commercial pressure to 

maximise income. If the water supply is less than the total system demand (possibly 
seasonally) it means that some consumers would like to take more water, and pay for it. Where 
a lifeline block is charged at less than cost and higher consumption is charged at more than 
cost, the operator could have a choice of who to supply on a day by day basis. The limited 
water available could be delivered to large consumers at a higher charge than cost (and 
probably be paid) or to poor or low consumers at a charge less than cost (with possibly an 
additional risk that they may not be able to pay regularly). Clearly for public health reasons the 
limited supply should be spread between consumers (some for all). Therefore, excessive 
emphasise on profitability on a day to day basis within an organisation may actually mean that 
poorer consumers tend to suffer most, especially during shortages. 

 
As explained in section 6 poor consumers find money management difficult. They can 

pay frequently in small amounts but find it difficult to save in advance for future bills. Water 
supply operators aim to minimise their billing and collection costs and often issues bills 
sporadically following infrequent and irregular meter readings (which also makes a rising 
block tariff less effective). Any inefficient and irregular billing impacts most on poor 
consumers, who may even like to pay weekly rather than monthly. Frequent billing is simplest 
if charges are based on non-measured assessments of use (see section 5.3.2.). In fact consumers 
can be given their charges for the whole year at the start of the year and can pay in small 
amounts frequently as and when they have funds. Richer consumers may even choose to pay 
the full year in advance. 

 
The poor are least able to make complaints about faulty service or to report 

deterioration in service. However, it is in the operator’s interest to develop the confidence of 
all consumers, so that they understand supply problems and the importance of paying bills. A 
quick and effective response to reports shows that the operator is trying to provide a good 
service. The general experience is that when operation is handed over to the private sector the 
number of complaints and reports increases initially. This is because he actually responds to 
them, which the public sector did not, so that consumers lost interest in reporting leakage from 
pipes etc and also in paying for a service which was not responding to their actions. 

 
As explained in section 6 a water supply scheme that is just focussed on supplying poor 

consumers and charging them the full cost is likely to be much more expensive than supplying 
the poor from a large scheme with sharing of costs between consumers.              

 
8. Public Private Partnerships (PPP) 

 
8.1.  Partnership concept 

 
The term “Public Private Partnership” (PPP) has developed as short hand for forms of 

agreement or partnership between the government (Public Sector) and other organisation that 
are not government (Private Sector) to carry out a project or provide a service. Civil society 
has a direct role as a beneficiary, expressing the price the community would pay for an 
acceptable level of service, and an indirect role in shaping policy for water supply. In small 
PPP the community and Community Based Organisation (CBO) can be the private partner.  
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The most important feature of the concept is the “Partnership”. It infers: 
 

• joint commitment 
• sharing of risks  
• mutual benefits 
• partnership agreement  

 
To be successful, both the public and private sectors need to compromise in order to 

develop workable forms of PPP. Both require safeguards on the performance of the other, 
especially to accommodate changed circumstances. A sympathetic approach to PPP improves 
the chances of sustainability, but one essential element is clearly that the funds available to the 
PPP cover full costs. Unless this is achieved the partnership project will not be sustainable (see 
section 2). Funds can come from direct payment by consumers for a service or through a fee 
paid by the public sector to the Private Operator (PO) for providing the service or a 
combination of both.   

 
8.2 Main stakeholders 

 
The main stakeholders in PPP for water supply, together with the benefits offered to 

them through PPP, are as follows: 
 

a) Government (primarily municipalities): access to additional private funds over 
and above public money, and/or improvements in operating standards and efficiency. 

b) Consumers: better services at prices that can be afforded. 
c) Community based organisations (CBO): improvement in services and safeguard 

of the poor. Implementers and operators of local development projects 
d) Private companies: use of their resources and skills to provide services through 

partnership. Establish reputation. 
e) Financiers (banks): creation of sound investments, compatible with risks. 
f) Employees (trade unions): improved job opportunities and terms of 

employment, but PPP to safeguard jobs or compensate for retrenchment or early retirement.  
 
The likelihood of achieving these objectives depends directly on progressive 

development of PPP through careful planning, skilled formulation, successful implementation 
and smooth operation, flexibility and adjustment. All stakeholders should contribute at all 
stages. 

 
Some stakeholders may have real concerns that they will be worse off following PPP. 

For instance, trade unions are often worried that some of their members may lose jobs through 
the introduction of more efficient operating practices and outsourcing some activities. 
Appropriate strategies, including compensation, should be included in the PPP. On the other 
hand, ex employees may have better job opportunities working in the private sector providing a 
service to the PPP. For instance, in Chile, the meter readers formed small companies to bid for 
and carry out meter reading. Accuracy and performance improved.  

 
Many countries have traditionally administered and run water supply through a large 

public sector. The private sector is often small but usually is developing rapidly.  Public sector 
staffing levels and employment terms are established. Jobs are secure with progression until 
retirement with a pension. The private sector is less secure but rewards are generally higher for 
greater output, particularly if the employee has, or develops, special skills (see Box 4). Casual 
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employment on a temporary basis or for a daily wage is common in both the public and private 
sectors. 

 
Implementation through PPP creates more flexible job opportunities particularly 

through labour intensive construction projects. Traditionally, certain groups in the community 
have undertaken particular tasks, especially those that are most arduous, least pleasant and 
often poorly rewarded. PPP can be effective in those sectors by not only creating jobs but also 
in developing jobs that need higher skills, that are paid better. 

 
8.3 Common PPP models 

 
Models for PPP have been developed and used extensively world wide, particularly for 

piped water supply. Their broad characteristics are described in this section. The selection of 
the most appropriate model is critical to successful PPP. Table 8.1 sets out some key 
characteristics of common PPP models. The duration of small simple PPP can be shorter than 
for larger PPP, especially where reforms are required.    

  
Common terms for operational arrangements of PPP for public services that have 

already been provided by the public sector are: 
 

a) Contracting out, operating or service contracts: services to be provided by the 
private sector, usually without investment as many private entities already have the 
capacity to provide the service or the municipality can provide or lease out its own 
equipment. It allows competition for short PPP of 1 to 7 years. Longer durations are better 
where the investment from the private operator (PO) is higher and where continuity is 
valuable. Suitable for small PO or user/community groups. 

b) Management contract: the private sector to guide and assist the management of 
an existing public water utility for which fixed and, sometimes, incentive fees would be 
paid by the public sector. Public sector also pays for all operating, maintenance and 
expansion costs over a short to medium PPP period of 3 to 7 years. The private sector does 
not have day to day control over operations and staff. 

c) Lease: the private sector to take over day to day operation (and costs) of an 
existing public organisation or facility and to assume technical and commercial risks but 
the public sector pays for all infrastructure costs except routine maintenance over a 
medium PPP period of 8 to 15 years. The private sector may pay for replacement of short 
life assets. 

d) Concession: as a lease but the PO pays for all operation and infrastructure costs 
including rehabilitation and expansion, as agreed with the public sector, over a long term 
PPP period of 20 to 30 years. Sometimes the private sector receives a single payment at the 
start as a “sweetener” to contribute to rehabilitation that is now required because of lack of 
maintenance in the past. 

 
The duration of the PPP reflects the level of responsibility, the time required to raise 

standards and the time required to recover the costs of establishment and of any other 
investments.  If a service contract requires the private sector to make a significant investment 
to increase its capability, the contract period should be chosen to allow this investment to be 
recovered over a longer period at lower annual cost. 
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Often a PPP can progress from a simple form to a longer and more complex PPP as 
experience is gained, e.g. a management contract can be converted into a lease or concession 
contract with the same or different PO. 

 
Common terms for providing infrastructure components through PPP (such as water 

or waste water treatment plants) for public services are: 
 

a) Design and Build contract: private sector designs and builds infrastructure, 
funded by others, to meet specified performance standards, including short term operation 
to demonstrate that targets are met, payment to PO by lump sum, usually including interim 
payments triggered by achieving specified milestones. Contractors are responsible for 
designing and constructing a facility, usually to meet a specified performance. 

b) Build Operate and Transfer  (BOT): as a) but with long term operation before 
transfer of operation to the public sector, payment to PO for construction and by operating 
fee. In this note BOT is used where the project is funded by the public sector, but the term 
is often used for private funding as well.  

c) Build Own Operate and Transfer  (BOOT): as b) but construction using private 
funds and long term operation for 20 or 30 years, public sector payment to the PO of a 
regular fee to cover investment and running costs. The PO takes the commercial risk that 
the agreed fee for providing and operating the infrastructure is too low or that the public 
sector does not pay. The public sector usually takes the commercial risk that it cannot sell 
the full output of the infrastructure. Some means are necessary to deal with actual 
conditions that differ to a large extent from what was expected.  The public sector can 
contribute some capital cost as a grant (to attract bids) or an equity share (to share in later 
profits). It should be noted that the term BOT is often used to include private finance, i.e. 
BOOT. 

d) Build Own Operate (BOO): as c) but no transfer to the public sector so the 
infrastructure remains with the PO indefinitely. 

 
Both concession and BOOT arrangements are investment PPP as the private sector 

provides funds for infrastructure development but in the former the private sector also has 
responsibility for operating the existing infrastructure as well as that which it has funded. In the 
case of a water supply system the concession would usually cover all technical aspects from 
raw water sources to the consumers, plus billing and revenue collection from consumers. The 
PO pays for all rehabilitation and expansion costs (which may increase income to the PO if 
more water is sold). In a BOT and BOOT the public sector takes the output from the 
infrastructure provided and then delivers it to the consumer. Therefore, the public sector is 
responsible for billing and revenue collection from consumers. The public sector pays the PO 
the agreed fees. The same terms can be used where the public sector makes a contribution to 
the funding. 

 
Experience shows that PPP will have fewer problems if one operator is responsible 

from source to consumer including billing and operation, i.e. a vertical operation.  Splitting 
horizontally so that one PPP relies on the performance of one or more others causes interfaces 
where misunderstandings, inefficiencies and disputes can develop. For instance the supplier of 
bulk water may not meet the needs of the distributor of water or the distributor may not need 
all the water that the bulk supplier can provide and on which he has based his price. 
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Even if the private sector has responsibility for operation, the public sector retains 
ownership of the existing infrastructure and takes over any new infrastructure provided by the 
private sector on completion of all arrangements, except for BOO. 

 
Community based projects are a special category of PPP, for which these common 

models can also be used. Depending on the PPP, the community can provide some cash and 
can contribute to construction through providing labour or other resources free of charge. It 
then takes over operation of completed projects through users’ committees. The community is 
the primary beneficiary and it is in their interest to operate and maintain the project. For simple 
projects this arrangement is sustainable but if the infrastructure is costly and can break down, 
such as a pumped well or borehole for water supply, the community may not be able to afford 
to buy replacement components.  Either the municipality accepts responsibility for replacement 
of certain components or the community should build up a repair fund through higher charges. 
These community based PPP do not have a time limit and are equivalent to a long lease, 
probably with no rent fee. 

 
The allocation of key responsibilities under the main PPP models is shown in table 8.2. 

Operational models have been divided into projects that are suitable for community based PPP 
and larger ones for private operators.   

 
Model Fixed Assets 

Owner 
Fixed 
Asset 
O&M 

Moveable 
asset 
Provision 

Moveabl
e Asset 
O&M 

Funding 
for fixed 
assets 

Commer
cial risk 
of PPP 

Durati
on 
years 

Remarks 

Operational 
PPP, Small: 

       Suitable for community 
based PPP  

Contract 
out/Service 
contract 

Public Public Public 
  

Private 
 

Public 
 

Public 
 

1 to 2 
  

Indefinite duration for 
community based  

Contract 
out/Service 
contract 

Public Public Private Private Public Public 3 to 5 Indefinite duration for 
community based  

Management 
Contract 

Public Public Public Public Public Public or 
shared 

1 to 5 Manage public workers, 
Shared risk if performance 
fee 

Lease Public Private Private Private Public Private  5 to 10 PO collects and keeps 
revenue or pays lease fee. 

Lease Public Private Private Private Public Shared 5 to 10 Income to PO depends on 
PPP revenue. 

Operational 
PPP, Large: 

       Suitable for private 
operator PPP 

Contract 
out/Service 
contract 

Public Public Private Private  Public Public 5 to 7 Duration depends on 
equipment provided 

Management 
contract 

Public Public Private Private Public Public 3 to 7  Can have financial 
incentive to meet targets 

Lease Public Private Private Private Public Private  8 to 15 PO collects and keeps 
revenue or pays lease fee. 

Lease Public Private Private Private Public Shared 8 to 15 Income to PO depends on 
PPP revenue.  

Investment 
PPP: 

       Funding may be shared  

Concession 
 

Existing- 
Public 
New- Private  

Private Private Private Private Private 10 to 15 
20 to 30 

Small 
Large 

BOT Public  Private Private Private Public Private or 
Shared 

20 to 30 Large infrastructure  
Could be operational PPP 

BOOT Private then 
Public  

Private Private Private Private Private or 
Public 

20 to 30 Large infrastructure 
Public sector risk for low 
use 

BOO Private Private Private Private Private Private Indefini
te 

Public sector buys service 
or output 
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Table 8.2. Allocation of key responsibilities under the main PPP models 

 
8.4 Safeguards 

 
PPP arrangements should contain certain safeguards for the public and private sectors 

and civil society. 
 
The public sector usually expects the private sector to contribute in one or all of the 

following ways: 
 

• Provide agreed services 
• Make agreed investments 
• Meet agreed standards/targets 
• Not exploit any monopoly situation 

 
The private sector expects the public sector to contribute in one or all of the following 

ways: 
 

• Create an enabling environment suitable for PPP 
• Pay agreed fees promptly in full 
• Implement tariff increases as agreed 
• Prevent unexpected competition from others during operation (exclusivity) 

  
Civil society expects the PPP to: 
 

• Provide appropriate levels of services 
• Be affordable to the community either through direct charges or indirectly 

through general taxation  
 
The consumer will ultimately pay for services but they can either pay to the private 

sector directly or to the public sector which then pays the private sector. If consumers pay the 
private sector directly the PO has the burden of billing, collection and taking measures against 
those who do not pay. However, the PO collects from a large number of consumers, most of 
who will pay. If the public sector pays the fee for services, the PO is dependent on one sole 
source and any default or delay could be critical. Good consumer relations are more likely to 
be established where the PO has direct contact with consumers through billing and collection.   

 
Piped water supply, can be a natural monopoly i.e. it is not realistic for any other 

organisation to go to the expense of constructing a second parallel set of infrastructure. If no 
alternative sources are available tariffs might be raised significantly before consumers reduce 
their use of piped water. However, in some urban areas consumers may also be able to obtain 
water from, some or all, nearby water courses, dug wells, shallow boreholes, water vendors 
(tankers) and bottled water, which they can use for different purposes depending on the quality 
of the water. Therefore, if alternative sources are available consumers will rely more on them if 
the charges for piped water are high or are increased. Consumers may change their behaviour 
patterns significantly over time.        
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Flexibility in arrangements and adjustment to meet new conditions is more important 
with longer PPP. Normally, it is in the interest of both the public and private sectors to try to 
continue with an existing PPP arrangement or to adjust it. Cancellation can be very disruptive 
to consumers.  

8.5 Private sector partners 
 
The possible private sector partners in a PPP for water supply include: 
 

• Users groups or committees (CBO) 
• Not-for-profit organisations, such as NGOs as facilitators 
• Profit organisations and business 

 
An NGO can be most effective as a facilitator to help establish PPP projects that could 

be run by the community, including training. The role of the NGO is completed when the local 
community can take over long-term responsibility for the PPP. The NGO should then move on 
to a new PPP project.  

 
At this stage the number of potential PPP partners should be identified, either from one 

or more of CBO, NGO and private companies.  Expressions of interest can be requested 
through local adverts or personal contact. 

 
8.6 Selection of private partners 

 
The process of selecting the best private partner depends on the PPP project and the 

local capacity and interest to participate. 
 
If three or more companies are interested to become PPP partners, some form of 

selection process could be used, e.g. bidding process. The company providing the best offer 
would be selected. This has the merit of some competition and possibly a low price. 

 
Competitive bidding on price is normal practice for construction contracts where the 

type of work can be stated, together with expected quantities, and a number of companies will 
bid. The selection process is also “transparent” as the basis and reasons (usually lowest price) 
for selecting the preferred bidder are clear.  

 
International experience of bidding procedures on operational PPP contracts based on 

price is very mixed. The bidders may bid an unrealistically low price in order to secure the 
project but during operation the PO will take every opportunity to try to negotiate an increase 
in this price, to a more realistic and profitable level.  

 
Many PPP include activities that are not easily quantified. Also the PO may have its 

own well-tried methods and skills that the public sector wants to use. Therefore, other selection 
processes may be more appropriate to encourage full use of these attributes through 
partnerships. These include negotiation and competitive negotiation.  

 
An alternative to a competitive selection process based on price only is to encourage 

innovation by stating project objectives that the bidders are to meet. The bidder then makes his 
proposal. The bid process is in two parts, namely the proposed methodology and related price. 
These could be discussed with all bidders to clarify any uncertainties. The preferred bidder 
would be the one offering best “value for money”. This is a “competitive negotiation”.   
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If there are only one or two potential bidders the time and cost of bidding is not 

warranted compared with the potential benefit of a competition in terms of lower prices.  
 
In many developing countries with a limited private sector, it is likely that no more than 

one company would show interest in any specific PPP project.  
 
Therefore, the selection process that is most likely to lead to an effective PPP is 

negotiation with one interested PO.  
 
The approach of government to partnerships could affect the implementation of PPP 

locally in the long term. Government organisations that earn a reputation for constructive 
participation in PPP will attract more private sector support. Whereas those that try to obtain 
short-term financial advantage in PPP may find little local support in the future. 

 
Hard bargaining through competitive bidding and protracted negotiations may not be 

the most sustainable selection process for a PPP as it may make working as a “partnership” 
more difficult. The degree of partnership is related to the flexibility allowed for in the contract.  

 
9. Private Sector Support 

 
9.1 Common Misconceptions 

 
The public sector and the community sometimes have preconceived views of the 

private sector, some of which are very pessimistic whereas others are over optimistic. Common 
misconceptions are: 

 
• Private sector operators and suppliers have large funds at their 

immediate disposal. In fact funding by the private sector for water supply is by 
borrowing from commercial banks, which will apply stringent conditions and charge 
interest rates that reflect perceived financial risks. This means that the public sector 
may be able to obtain funds more cheaply than the private sector, especially with soft 
loans from donors. 

• The private sector will seek excessive profits which will raise charges. 
Most serious private entrepreneurs in water supply wish to stay in this sector and to 
develop their businesses over time. It is expensive to establish the necessary resources 
and skills which must be recovered over a number of projects. A good reputation is the 
best attribute for obtaining more work. 

• The private sector will not serve the poor.  Many public sector water 
operators do not serve the poor for many reasons. Where people have no legal rights to 
land occupancy (usually poor), a concern is that providing an “official” water supply 
would give some legitimacy to “illegal” housing. A private sector operator does not 
have this constraint. As the public sector becomes more commercial, the most viable 
means of serving the poor is a factor for any operator, public or private.  

• The private sector will take all risks. The private sector is generally 
more aware of risks than the public sector. It will try to reduce or eliminate risks but 
will accept responsibility for risks under its direct control (but may charge as 
appropriate). However, it will not accept risks that are under the control of others, 
including government. Therefore, PPP usually also identifies risks that the public sector 
must take so that the partnership is balanced. 
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• The private sector has unlimited resources and interest. Only a limited 
number of international private sector firms can undertake operation of large water 
supply systems. Therefore, any proposed new large PPP will be competing with similar 
PPP opportunities in other countries in order to attract competitive bidders. Similarly in 
developing countries there are limited national firms that could undertake smaller PPP, 
so a new PPP must compete within its country. 
 

9.2 Building on PPP experience 
 
The confidence in partnerships between the public and private sectors will only develop 

with good experience. However, successful projects have much less publicity than those that 
are not successful. Sound public relations will help in creating confidence in PPP and greater 
support from all stakeholders. 

 
The public sector can, and has, worked with the private sector in many fields. Common 

public services that use PPP include: 
 

• Telecommunication, through licensing of services. The mobile 
telephone sector is growing extremely fast with innovations created by the intense 
competition. Consumers prefer mobile phones to inefficient or non-existent line 
services because of convenience and status. Equipment is developing rapidly so that 
models become obsolete within a short period. Alternative means of communication are 
available including mail, fax, e mail and personal contact. 

• Energy, through private suppliers and/or distributors. Energy is not a 
total monopoly because a range of types are available. Cooking stoves can be run with 
electricity, piped gas, canned gas, paraffin, coal and wood so that consumers can 
choose from a wide range of fuels depending on availability, price and convenience. 
Electricity is the most convenient form of lighting but has to be supplemented by 
candles during power cuts. 

• Transport, through franchises. Consumers have a choice of travelling by 
some or all of air, train, coach, bus, tram, underground railway, taxi, private car, 
trishaw, bicycle or walking. Each has particular advantages and role but all are 
competing with one or more other forms of transport. 

• Potable water supply is most convenient by piped connections. This can 
be a monopoly in most urban areas but there are also alternatives that can be available 
for non-potable use. Bottled water is too expensive to be an affordable alternative for 
most consumers. This is a basic need contributing to public health. 

• Sanitation including collection and disposal. In dense urban areas the 
only effective infrastructure are sewers and waste water treatment, but alternatives such 
as septic tanks and latrines are functional elsewhere.    
 
All these sectors have significant alternative ways providing of meeting demand 

adequately. The exception is piped water supply for which there is no affordable alternative to 
piped water for the best level of service. Others may or may not be satisfactory in quality but 
are less convenient and suitable for certain uses only. Water supply is the least competitive 
sector. 

 
Water and sanitation have the strongest impact on people other than the direct 

consumer. They both affect public health of the whole community and sanitation has a big 
impact on the environment. 
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However, the involvement of the private sector in public services is mainly a political 

decision based on ideology and public acceptance which is spurred on by financial necessity to 
improve efficiency or to obtain private funding.  

 
PPP in water supply is easiest to introduce into countries that already have PPP in other 

sectors. Many of the legal, management and administrative issues will have been resolved and 
the public will be used to the concept. This means that introducing the first water supply and 
sanitation PPP will have to cover a broad range of issues, with more time required to work with 
stakeholders.   

         
9.3 Private sector organisations 

 
Various types of private sector partners are available, which may be categorised as: 
 

• International companies. There are a number of international companies 
that have operated water supply systems in countries other than their own. They are 
mainly from France and England. A number of large concession contracts were 
established in the 1990s. Some of these are being adjusted to meet current conditions 
that differ from those in the original contracts. However, this should be a normal 
process which illustrates the partnership approach rather than a strict contractual 
concept. New companies from other countries are emerging. 

• National companies. Where the public sector has had exclusive 
responsibility for water supply there will be no national private companies with direct 
experience. However, expertise can be bought through a consortium with an 
international company or by recruiting qualified experts. In the case of the Manila 
concessions the bidding joint venture companies had to be led by a Philippine firm with 
majority share holding. Inevitably this firm was not a water supply operator so this 
expertise was supplied by international companies. This approach countered concern 
that a public service was being handed over to foreigners. 

• Commercial organisations. These can supply services or goods and are 
used extensively by both the public and private sectors for outsourcing activities or as 
part of a joint venture group. 

• Non-government organisations (NGO). These are particularly orientated 
towards issues related to poorer communities. Their most effective contribution is by 
establishing local community organisation through development of the community and 
training. The intention is create conditions that are sustainable by the efforts of the 
community only, so the NGO should have a temporary role as a facilitator before 
moving on tot the next challenge. 
 
In a large PPP the private sector will normally establish a special purpose company to 

undertake the project. 
 

9.4 Safeguards in PPP 
 
Both the public and private sector partners will require some protection against the 

unreasonable behaviour of the other party. This is normally in the form of a legal contract, 
probably supported by extensive information of what is to be achieved and how. The form of 
local contracts should be consistent with local legal convention. The contract is only important 
when disputes arise. Conventional contracts tend to be adversarial, leading to an expensive and 
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long drawn out process to achieve settlement. This can be particularly damaging in such an 
important sector as water supply where any deterioration in service during a dispute could 
adversely affect public health. 

 
The objective in a PPP should be to devise an agreement which is flexible and less 

adversarial and recognises the reality that conditions will change over time and adjustments 
will be necessary. Some form of memorandum of agreement could be appropriate. 

 
In whatever form the agreement is made, certain safeguards should be covered 

including: 
 
Exclusivity.  The private sector will make a commercial decision to embark on a PPP, 

which will include an evaluation of the cost and investment compared with the returns. In PPP 
for water supply the private sector may look for an exclusivity clause that prevents another 
organisation or the public sector itself competing unfairly. This is unlikely for a piped water 
supply because no competitor would install a parallel piped system. However, it could apply to 
consumers supplied by tanker or water kiosks. 

Periodic review of tariffs. Costs of operation will rise through inflation. It is logical that 
tariffs should also rise. Annual adjustment of tariffs to allow for inflation should be standard, 
especially if local costs are rising rapidly. However, a robust consumer price index is necessary 
that, at least approximately, reflects the balance of items making up operating costs. Where 
operation includes a large energy or fuel component this item can be treated separately and the 
full additional cost added under a “cost pass through” clause. 

Economic regulation. An economic regulator is a safeguard to both the public and 
private sectors. Their task is to review the proposed business plan and tariff requirements of the 
operator and to agree how the sector should develop. A large investment programme may 
increase costs whereas efficiency savings will reduce costs.  

 
9.5 Economic Regulation 

 
Economic regulation is probably the most critical factor in establishing a sustainable 

PPP. Most of the problems that have developed have been related to difficulties and disputes 
over regulation of on-going PPP in order to adjust to changing conditions.  

 
One serious factor is the independence that a regulator can have within an environment 

of suspicion and possibly very high profile exposure. The regulatory body is appointed by 
government. There is no alternative to this, but their independent position can be strengthened 
by making it very difficult to remove them before their appointments expire, say every five 
years.  

 
The regulator has to be aware of the constraints under which government is operating 

and the need to keep prices down. Sometimes government may set new standards to be met on, 
say, drinking water quality, but the regulator will have to agree the rate at which progress is 
made towards meeting these standards. Rapid increase in infrastructure to meet these standards 
would trigger tariff increases which could impact on consumption and profitability and would 
adversely affect the PPP.  

 
Nonetheless, there is often suspicion that the regulator is favouring government policy 

at the expense of the private operator. The political pressure on the regulator can be severe.  
 



 46

The normal procedure is for the regulator to be funded by a small levy added to the 
tariffs, usually about one percent from collections or a fixed amount. The regulator is therefore 
paid for directly by the consumers. The money is paid by the PO if he collects payments. One 
criticism of the percentage basis is that the regulator’s income would increase if he agrees to 
higher tariffs. 

 
The job of regulator is specialist, with a sound knowledge of the economic and legal 

aspects of regulation and of the water sector. The regulator should be detached from details of 
operation. In some cases the regulator has been staffed from the previous public sector 
organisation but this has not been very successful because the regulator reverts to dealing with 
day to day operational issues. The PO has to be allowed to operate in the way it wants to 
without outside interference.     

 
9.6 Risks Identification and Handling 

 
Risk is the chance of something happening that will have an adverse impact on 

objectives. It can be assessed for any event or occurrence in terms of its consequences (severity 
or hazard) and its likelihood (probability) of occurring: Risk is equal to the Hazard multiplied 
by the Probability 

  
Measures can be taken to reduce the risk of a severe event by making it less probable. 

For example, the risk of running out of fuel in a car can be reduced by: 
 

1. Fitting a fuel gauge (design risk); 
2. Adding fuel before the gauge shows empty because the gauge may not be 

completely accurate (technology risk); 
3. Refilling when there is an opportunity, as fuel might not be available later 

(operation risk); 
4. Carrying a full container of petrol as a reserve (reduces or eliminates risk 

depending on size of the container). 
 
Exactly the same reasoning could be applied to an aeroplane but, as the consequence of 

running out of fuel is much higher, greater precautions are taken to have adequate fuel or 
emergency strategies. However, carrying unnecessary excess fuel increases operation costs and 
reduces profit so considerable effort is put into carrying the safe quantity of fuel. Passengers do 
not perceive a risk of running out of fuel, although they may perceive other risks in flying.     

 
All PPP involve risks to stakeholders. To be effective and sustainable stakeholders 

must accept some risks. However, by careful planning and consultation, risks can be reduced to 
levels that are low enough not to threaten the PPP and can be handled within the partnership 
arrangement.  

 
The stages or aspects for addressing risks that can help in structuring a successful PPP 

are given in Box 9.1. These stages may be merged or overlap especially in small short term 
PPP. Risk handling can be crucial in large long term PPP. 
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This section covers the main types of risks that will be encountered in PPP and suggests 

means to solve or avoid them.  The identification, presentation and discussion of risks is an 
important part of the creation of a balanced PPP. In addition, it leads to a much clearer 
understanding of the tensions that might develop in a PPP and can point to ways in which to 
reduce the overall risk of failure.  

   
The main types of risks are: 
 
Political risks: Government and the public sector should clearly state their policy 

(which could change) on key issues, such as:  
 

• Level of support for the use of the private sector to provide water services. In 
many countries the development of PPP has been slow, which may reflect some political 
reluctance. 

• Acceptance that any “social” aspects should be separated from commercial 
considerations. Tariffs for water supply are often kept low to protect the poor, but by using 
a very crude subsidy system, which has left water supply organisations short of funds (see 
section 5.3.1). 

• Support for independent regulation and/or review of PPP to safeguard 
consumers and a Private Operator (PO) especially in monopolies where government fixes 
tariffs. Government often wishes to retain the right to set tariffs but these may be 
influenced by short-term political considerations, which can be perceived as a risk by the 
private sector. The PO is likely to seek a higher income to cover this risk.  

• Ability of the public sector to take or share commercial risks of PPP.  A BOOT 
project provides infrastructure with an agreed fixed capacity, but this may not be fully 
utilised initially. The public sector usually pays for the full capacity even if it cannot sell 
this amount to consumers e.g. a water treatment works delivering into a distribution system 
run by the public service. The risk can be reduced by construction in stages or more 
complex charging mechanisms that reflect the costs of providing the infrastructure (flat 
rate) and that of running it (quantity based). 

 
The political risk includes the consequences and likelihood of changes in government 

withdrawing support to a PPP. Support by all major parties reduces this risk. 
 
Implementation risks: In many countries a number of PPP have been planned and 

even signed but have not been implemented for various reasons. 
 

• Have all stakeholders agreed to the PPP?  Objectors can delay or even stop PPP 
going ahead. From the creation stage, PPP should be discussed with all stakeholders, but 
especially those who consider that they may be disadvantaged.  

• Is the land available to the PPP? Ownership of land is not always clear. 
Construction can be delayed if access to a site is denied, which can delay implementation 

Box 9.1. Stages in handling risks in PPP 
 
1. Identify types of risks 
2. Evaluate risks 
3. Seek means to reduce or eliminate risks 
4. Allocate risks to those stakeholders who have the capability to 

influence them 
5. Share remaining risks 
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and postpone the date that income can be earned. Land ownership should be established 
early in the development planning. 

• Does the PPP structure encourage or discourage early implementation and 
completion of construction? The PO will be encouraged to complete construction quickly if 
he then increases his earning capacity and profit. Where a PPP is staged to spread the 
construction cost, each phase should be profitable and also increase the overall profit. If 
some phases are not profitable, the government can contribute a grant to reduce the 
financial burden on the PO. 

• Is the implementation programme sufficiently defined to monitor progress? The 
programme should include milestones for starting activities and completion, plus any 
intermediate targets that can be clearly defined. Payment of fees could be related to 
achieving milestones. 

• Are obligations and actions clearly identified, including a timetable for external 
review and approval? Approving agencies should agree time limits in which they will 
respond to applications (that are properly presented).  

 
Construction risks: Where infrastructure is to be developed as part of the PPP some 

construction will be necessary. 
 

• Can costs exceed the estimate?  Under most construction contracts the 
contractor (private sector) takes the risk for cost overrun if related to aspects under his 
control, such as inefficient working. However, costs can also increase because of changes 
in design, delays in approval/agreement by the public sector, changes in law, new taxes, 
etc. Competitive bidding increases the risk of under estimating construction costs. 

• Can completion be late? Normally the contractor takes this risk as he has the 
responsibility for controlling the construction process. However, he could be denied access 
to land held by the public sector or been given misleading information on existing 
infrastructure. Over optimistic programming increases this risk. 

• Is construction to required standards? Normally this risk is reduced by 
independent site supervision on large construction and routine inspections by public sector.   

• Does infrastructure meet performance criteria? Often final testing has to be 
undertaken at less than the extreme operating conditions on which the design has been 
based. Sound design reduces this risk. 

 
Operating risks: These are particularly important for pure operating contracts. 
  

• Are operating costs more or less than expected? Normally the private sector 
takes the risk of higher operating costs unless the increases are due to causes outside its 
control, such as new or increased taxes. Competitive bidding increases this risk.  

• Are operating costs likely to change during the PPP? For long term PPP regular 
periodic review and adjustment of charges will improve sustainability. Independent 
regulation or review reduces the risk that charges may be influenced by political pressure. 

• Could others also provide the services under the PPP and thereby reduce sales? 
This is more likely where the cost of starting up a PPP arrangement is low, e.g. no 
significant initial capital investment. Some exclusivity of service or area may be necessary 
for the initial PPP arrangement in order to protect the PO, at least for a specified time. The 
risk of an alternative PO is reduced if the public sector licenses or authorises PPP. 
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Revenue risks: The risk that the private sector will not receive sufficient revenue to be 
commercial.  

 
• Could there be fewer customers or lower demand? Predictions are made in the 

feasibility study on the amount of the service or product that people want. In BOOT 
contracts the public sector takes the risk of demand being less than supply when the fee is 
based on full potential output (take-or-pay).  However, the PO takes the risk if payment is 
by actual output. Risks can be shared by a composite charge (see political risks). 

• Are customers prepared to pay the commercial price? An evaluation of how 
much consumers or the public sector, if they take the output, will pay should be made at the 
feasibility stage of the PPP. Gradually increasing charges by a number of small increments 
reduces their impact compared with a single rise and reduces the risk of consumers not 
paying. 

• Could customers refuse to pay? The public sector may be reluctant to withdraw 
a public service for non-payment but it has the power of legislating for penalties and 
imposing them. Publishing lists of non-payers can reduce this risk. 

• Can public sector default on payment if it is the sole purchaser?  Some form of 
guarantee could be a safeguard. On large projects funded by donors they may promise 
some support. This risk can be reduced by increasing the number of sources of revenue. 
The PO may lose one source of income but not others. The extreme case is where the PO 
receives payment directly from consumers. It is most unlikely that all consumers will 
decide not to pay which is a much lower income risk than if the total PO fee is paid from 
one single source. 

• Do published inflation indices reflect increases in operating costs? Except for 
short PPP, adjustments to charges/prices should be made regularly for local and/or national 
inflation. Independent regulation with regular reviews reduces this risk. 

• Can public sector increase charges for critical cost components? Government 
can increase charges for services such as water, electricity and materials. Except for short 
PPP, the PO should be compensated for increased costs for critical components that form a 
high proportion of total operating costs. The risk can be reduced by a “cost pass through” 
mechanism for increases in certain specified costs, in which the PO is compensated for the 
full increase in his costs. Charges or fees are adjusted accordingly. Possible factors are the 
introduction of a new tax, or sharp increase in electricity or fuel costs. 

 
Financial risks: Funds will be raised by the private sector for any PPP that includes 

building infrastructure or where large working capital is required. 
 

• Will changes in exchange rate affect PPP? Normally at operational level all 
income is in local currency. Government may provide funds that originated from donors in 
hard currency but would carry the risk of higher costs because of a drop in value of the 
local currency.  This risk is not likely to affect PPP funded in local currency. 

• Can interest rates vary? This will depend on the finance package and whether 
loans are at fixed or variable interest rates. Fixed interest rates reduce this risk. 

• Do loan periods match the length of PPP?  Commercial loans are repaid out of 
income from the PPP therefore the loan period cannot be longer than its duration. Normally 
BOOT projects are longer than commercial loans in order to spread the charge for capital. 
During a BOOT the initial loans may be refinanced to spread loan repayment. 

 
Force Majeure risks: Events may occur that are outside the control of stakeholders in    

PPP.      
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• Is there a flood or erosion risk? Low lying areas can be affected by severe 

extreme hydrological conditions. Protection works could be included within PPP but would 
increase costs. Locating on higher ground would reduce the risk. 

• Is the PPP vulnerable to earthquakes? In seismic regions, infrastructure should 
be designed to withstand reasonable earthquakes. Costs include those for reconstruction but 
also loss of income and possible claims for compensation. 

• Is the PPP at risk from riot or general strike? Could it be a target? Could it be 
protected?  These risks reduce in a stable political environment.  

 
Environment risks: 
 

• Does operation affect the environment? PPP should comply with current 
environmental legislation. Mal-operation can lead to penalties. Planning should cover 
compliance with environmental standards to avoid the risk of penalties and other costs 
later.  

• Is there any pre-existing and continuing environmental liability? A thorough 
check during the planning stage reduces this risk.   

  
Often PPP arrangements can cover the impact of risks by taking out insurance. 

However, the insurance industry in many countries is not geared to carry these risks. 
Therefore, the PPP itself has to act as its own insurer. Following an unexpected event, the PPP 
agreement should be reviewed and amended as necessary so that it can still meet the original 
objectives or revised ones. 

10. Enabling Environment 
 

The term “enabling environment” is used to encompass all the factors that could impact 
on the setting up, implementing and operating of a PPP in water supply. This section addresses 
some of the factors that help to create conditions that are more likely to make PPP work 
effectively. 

 
10.1 Legislation 

 
PPP requires a proper legal basis that is consistent with the local legal system, which 

can vary significantly between countries. However, certain basic aspects should be covered: 
 

• Often operation of a public service such as water supply is placed legally 
within the public sector under a general or specific Act that grant rights to one or more 
organisations to provide and charge for water supply. Amendments are required to 
allow the private sector to take over all or some of these roles. 

• The public sector will have certain rights and powers to run the water 
supply system which may be included in an Act or in supporting Rules and Regulations 
and Bye Laws. These could include the power to disconnect for non-payment or may 
prohibit disconnection. The powers enjoyed by the public sector should also be granted 
to the private sector. 

• Transfer of public sector staff to the private sector including any 
compensation for loss of rights or benefits, such as pensions that are normally better in 
the public sector than in the private sector in developing countries.  

• In urban water supply the potential monopoly and threat of excessive 
charges is countered by some form of regulation. Where water supply has been handled 
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exclusively by the public sector it will probably be necessary to pass a new Act 
establishing a regulatory body. This usually has three or five members of the board who 
make the ultimate joint decisions (majority). The legislation should cover such items as 
number and skills of the members of the regulatory body, duration that these regulators 
serve, responsibilities, basis for remuneration, and outline of the process of regulation. 

• The source of funding of the regulatory body. This is usually a small 
charge as a percentage of income from water sales or a fixed levy. 
 

10.2 Water abstraction rights 
 
A PPP will normally include some measures of level of service, such as quantity of 

water delivered. The operator needs some assurance that the necessary amount of raw water is 
either available or can be made available to him so that he can meet his obligations. Any water 
utility (public or private) should have defined water abstraction rights.  

 
Many countries have some form of water resources management system for both 

surface water and groundwater. Others are moving towards improved management, usually on 
the basis of river basins.  Many areas have water shortages either constantly or seasonally or 
periodically. The allocation of quantities to raw water users on a monthly or daily basis is 
crucial to survival during severe shortages. 

 
Most countries have some form of basic water sharing process or priorities between 

types of users. Normally water for domestic living purposes has top priority over other users 
such as irrigation and industry. However, in actual severe shortages all users are likely to be 
required to reduce their consumption. Lack of irrigation water at crucial periods of growth 
could reduce crop yields and consequently the income to farmers. Under these conditions 
adequate irrigation water may become the top priority at the expense of some reduction in 
water supply. Lower supplies could reduce income to the PO if water is paid for by volume, so 
some form of compensation may be appropriate. The basis of water sharing should be included 
in PPP agreements. 

 
Standards of raw water should also be specified so that water treatment plants can be 

designed to deal with the expected contaminants. If these standards are exceeded the PO may 
ask for relief on standards of water that it provides. 

  
The licensing of water rights is normally with the organisation responsible for the 

proper use of water resources and the environment. A small fee may be charged to cover 
administrative costs.  

 
Where water is scarce there are moves to charge for each cubic metre taken by users in 

an attempt to encourage conservation. However, this cost has to be passed on to consumers, 
which may cause resistance. In some areas, water rights are traded for a price. For instance, a 
farmer can sell a raw water right to urban consumers. He will then have less water to irrigate 
with which will reduce the land under production and his income. The price for the water right 
should compensate for lost income.  

 
10.3 Political support 
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Political parties may have overall strategies that are for or against the private sector 
taking over any service that has been provided up to now by the public sector. Left wing 
parties are particularly in favour of public ownership. 

 
Many people are initially concerned that PPP for water supply would entail handing 

over full operational responsibility of a basic need to the private sector. For this reason, the 
planning of PPP should include measures that clearly show that this is not the case, with 
identifiable safeguards.  

 
The most important factor is that the role of the public sector changes from being a 

provider and operator to being a facilitator and regulator. The full responsibility should remain 
with the public sector, with the private sector providing the means by which improvements can 
be made. 

 
Most political parties in developing countries claim improved water supply to be one of 

their main aims. However, many of the ways for achieving this in the past have been closed 
because of pressure on limited public sector finances from other sectors. Those aspects of PPP 
that appeal to the major parties or lobbies in a country should be identified and incorporated in 
planning. All should feel that the PPP will enhance conditions in some way. 

 
Strong opposition to PPP may not stop a project going ahead but will almost certainly 

cause the private sector to evaluate the risk of a change in government and cancellation of the 
PPP, with or without compensation. The price of joining PPP will be higher to cover this risk, 
or financial exposure will be minimised. 

 
Successful PPP in other sectors with effective regulation is a strong contributor to 

political confidence in, and acceptance of, PPP in water supply. 
 

10.4 Labour and staff support 
 
PPP may be seen by labour and their representatives as an unknown step and therefore 

something to be concerned about in general. On specific projects, support will not be 
forthcoming until many details have been settled satisfactorily.   

 
However, the private sector can offer many advantages to those that respond to 

retraining and who develop new skills. Opposition from labour and Trade Unions will reduce 
with good experience. This means that the way staff issues are handled is critical to that PPP 
but could also have an impact of other PPP.  

 
In some PPP contracts, jobs have been safeguarded for a period of a year or two after 

the private sector takes over. This has limited benefit except to allow the PO to assess the 
quality of staff over more time, but at a cost that has to be passed on to consumers. Inevitably 
the end of the period of safeguard will be reached and the same issues will have to be faced 
then. 

 
Where large numbers of staff are to be transferred or there are many PPP, the 

government should develop a policy, with the participation of labour representatives, to agree 
on strategies for retrenchment and levels of compensation. Prior to large PPP concessions it is 
normal for government to reduce the staff in the operating organisation so as to lower the 
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uncertainty of the overall cost of compensation for job losses which would be borne by the 
private sector later. 

 
Smooth transfer of operations is essential as any interruption in water supply could 

have serious consequences for public health. The transition should be made at a specific 
moment but can be over a period. 

 
Even with a considerable effort to placate labour there may be objections on large PPP 

from certain factions. These should be handled by government. 
 

10.5. Consumer support 
 
Consumer support can be developed by close contact and interaction with their 

representatives. Their concerns may be addressed in the structure of a PPP. However, the 
different type of consumers may have different priorities. Some may need reliability, others 
may need quality and others may want low prices. Some compromises will be necessary. 

 
Information on proposals for a large PPP should be spread by newspapers, radio, 

television and meetings. Experience on other successful PPP should be used and publicised to 
show similarities with any specific PPP. 

 
General experience is that consumers are prepared to pay for a good water supply at the 

levels of rates that would be commercial. Large lump sums to be connected should be spread 
over time for poorer consumers.    

 
10.6 Other factors 

 
Other factors that can contribute to the success of a PPP include: 
 

• Good knowledge of existing infrastructure that might be part of the PPP. 
Most claims for compensation after PPP have been in operation for a year or so are 
related to misleading basic information on assets. This particularly applies to buried 
pipelines, which are difficult to inspect and may be damaged locally. Even the number 
and location of pipes is often faulty as records were not made or have been lost.   

• Adequate tariff levels before the PPP so that the impact of any tariff 
rises is not so severe. In many cases, tariffs have been raised before PPP as part of the 
preparation process.  In fact, in most concessions the unit price has fallen because of 
PPP. In part this may be because government takes over responsibility for repayment of 
outstanding debts that were previously covered in the tariffs. Subsidies in public sector 
tariffs should be reviewed so that tariffs are similar to PPP tariffs. 

•  A flexible approach (with adjustment mechanisms) that is necessary to 
meet changed conditions.  

• Experience of other PPP in the water sector and other sectors should be 
analysed to identify those aspects that could be beneficial in PPP strategy or for specific 
cases. A data base of experience would help knowledge and experience to be 
disseminated, but no two cases will be identical. 
 

11. Conclusions and Recommendations 
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There is a range of PPP models that have been used successfully in the water supply 
sector. International and local experience should be used to the full to plan and document PPP.  

 
Broad conclusions and recommendations are: 
 

• Establishment of an “enabling environment” is a major force in 
successful PPP. The most critical elements will depend on local conditions. 

• Involving the private sector does not reduce the responsibility of 
government to provide the basic service of water supply.   

• Planning should recognise the special needs of the poor, who are usually 
those least well-served in public sector operation. They may need to be addressed 
specifically within PPP to improve their services to a level that promotes public health.   

• The choice of the most appropriate model depends on the particular 
project: especially whether the prime objective is to attract private funds and/or to 
improve operation in part or as a whole.  

• Risks should be identified, minimised, allocated to the party that can 
handle them and those that remain should be shared. All stakeholder should take some 
risks. 

• Learn from experience elsewhere but recognise that many factors will 
differ (political will, wealth, location and reliability of water sources, condition of 
existing infrastructure). 

• Share experiences (good and bad), possibly through a national or 
regional resource for collecting and publicising details of PPP projects. 

• Study PPP in other sectors. In particular, electricity and gas but all 
sectors could contribute some useful ideas. 

• The basic approach to planning, design and construction in PPP will 
differ significantly from that for a public sector project.   

• Review performance of regulatory bodies in other sectors. 
• Establish an independent regulatory body to review and agree tariff 

charges that will ensure adequate funds to run the water supply system. 
• Start PPP projects where they are most likely to succeed (strong local 

support, simple schemes etc). Simple operation and maintenance contracts for water 
treatment works and a common way of introducing the private sector competitively.  

• Learn from any pilot projects in the water sector and other sectors. Pilots 
must be designed so that they try conditions and solutions that would be available in the 
prototype.  

• Progress scope and types of PPP as experience and confidence are 
gained. 
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STRATEGIC PLANNING AND MANAGEMENT OF WATER RESOURCES 

 
STRATEGIC PLANNING AND MANAGEMENT OF WATER RESOURCES IN 

MALAYASIA: LANGAT RIVER BASIN CASE STUDY 
 

Md. Nasir Md. Noh2 
 

1. Introduction 
 

Malaysian Government through the Economic Planning Unit (EPU), Department of 
Irrigation and Drainage (DID), and Malaysian Water Partnership (MyWP) initiatives has 
conducted a two days workshop on Strategic Planning and Management for the Langat River 
Basin from 21st to 22nd July, 2003. Altogether, over 70 senior experts from various national 
agencies, local authorities and NGOs related to the Langat River Basin attended the workshop 
including the Executive Committee of MyWP and Mr. Ti Le-Huu, Economic Affairs Officer of 
the Water Resources Section of the United Nations Economic and Social Commission for Asia 
and the Pacific (UNESCAP). 

 
The Langat River Basin was chosen as the prime/case study for this project since this 

basin exhibits interesting conflicts among the stakeholders. Among these are (i) one of the 
most studied river basin in Malaysia, (ii) shared between Federal Territory, State of Selangor 
and State of Negeri Sembilan, (iii) serve as the core natural river within premier development 
activities like Putrajaya, Cyberjaya, Kuala Lumpur International Airport (KLIA), Nilai, Ulu 
Langat and Puchong industrial estates, commercial and housing estates, and at least 4 higher 
learning institutions, and (iv) there are sensitive environmental issues/landmarks such as 
incinerator at Broga, water supply dam and intake points as well as North and South Langat 
peat swamps. 

 
2. Background of Langat River Basin 

 
Langat River Basin is a unique basin since it passes through three distinct 

administrative regions of (i) Federal Territory of Putrajaya and Cyberjaya, (ii) State of 
Selangor and (iii) State of Negeri Sembilan. The entire basin is slightly les than 2400 sq. km. 
with its uppermost stretch originates from the Titiwangsa main range of the State of Selangor 
and Negeri Sembilan. The total length of this river has been recorded at 200 km and ends its 
journey into the Strait of Malacca. In this process it flows through the nation heart of Putrajaya 
and Cyberjaya. Putrajaya holds the new Central Government Administrative Complex while 
Cyberjaya locates the major international IT industries. Plate 1 shows the Langat River Basin 
base map. For the benefit of the entire study, this basin has also been divided into 10 strategic 
zones that reflect on the degree of economic and social interests. 

 
 

                                                 
2 Department of Irrigation and Drainage,Jalan Sultan Salahuddin, 50626 Kuala Lumpur, Malaysia 

 
 



 56

 
3. Objective of the Workshop 

 
The workshop was meant to identify the various issues underpinning the water 

resources sectors within the Langat River Basin. Five main issues that have been elaborated 
and discussed, which include:- 

• Land Use; 
• Biodiversity and Water Quality; 
• Domestic, Industries and Agricultural Water Supply; 
• Floods; and 
• Support and Capacity Building. 

 
The second objective is to lay out the plan of actions in such a way that the problems 

are comprehended by the various stakeholders while at the same time enable control measures 
to be strategically imposed according to short and long terms approaches. The third objective is 
to identify the key factors and forces that will ensure the specified action plans are implemental 
and sustainable within the context of Langat River Basin especially and in Malaysia generally. 
The final objective is to synthesize the action plans based on the Integrated River Basin 
Management (IRBM) plan for the five main issues. This technique speculates on: 

• Determination of lead agency; 
• Expected Output and; 
• Priority Short Term Plans. 

 

 
 

Plate 1: Langat River Basin Base Map 
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Finally, all the objectives were gathered and recommendations arisen were 

strengthened and polished further into acceptable plan of actions within the context of IRBM 
plan that could be utilized by the three respective administrative regions within the Langat 
River Basin. 

 
3. Outcome of the Workshop 

 
3. 1. Issues Identification 

 
Fig. 1 indicates the main issues that have been discussed by the groups and the issues 

arisen from the discussion process. Each main issue has been contemplated further with several 
sub issues. Only three sub issues have been prioritized for each main issue. Further analysis 
shows that some of the sub issues are inter related with several main issues like ‘Lack of 
Political Will’, which connects to the ‘Inadequate Support and Capacity Building’ as well as 
‘Pressure on Domestic, Industrial and Agricultural Water Supply’. Other sub issues that fall 
under these categories are ‘Lack of awareness’, ‘River Water Pollution’, and ‘Improper Land 
Conversion/Expansion on Urbanisation’. 

 
The analysis also indicates that sub issue of ‘Improper Land Conversion/Expansion on 

Urbanisation’ is related to three main issues that are ‘Poor Land Use Management’, ‘Floods’ 
and ‘Depletion of Biodiversity and Water Quality Deterioration’. This is a clear indication why 
integrated approach is the favorable step towards holistic planning and management of the 
entire river basin i.e. IRBM. 

 
3.2. The Plan of Actions 

 
Fig. 2 lists down all the action plans for the five main issues. Only two action plans are 

related to several main issues that are ‘Strengthen Enforcement’ and ‘Educate and Establish 
Public Awareness Program’. The former is related to three main issues, which are ‘Poor Land 
Use Management’, ‘Floods’, and ‘Depletion of Biodiversity and Water Quality Deterioration’ 
while the latter are ‘‘Poor Land Use Management’ and ‘Floods’. 

 
The rest of the action plans stand by their own, which speculate that fragmented 

planning and management are required to be implemented in order to tackle each respective 
main issue. These indications are the unlikely approach towards holistic measures. To 
apprehend the outcome towards holistic strategic planning and management approach, the 
groups are given the benefit to reevaluate and conclude the plan of actions by focusing on 
Integrated River Basin Management (IRBM) for the Langat river basin. 
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Figure 1: Issues and Correlations 
 
 

4. Integrated River Basin Management (IBRM) 
 
The groups are required to conduct brain storming sessions and further discuss on three 

major points that include (i) determine the Lead Agency, (ii) expected outcomes, and (iii) 
priority short term plans. Finally, all groups were required to summarize their findings in the 
conclusions and recommendations. 

 
4.1. Lead Agencies 

 
The ‘land Use’ group specified that a river authority should be established namely the 

‘Langat River Authority’. The chairman shall be rotated among the Federal (Putrajaya) and 
respective States (Selangor and Negeri Sembilan) representatives. Similar enactments like in 
Selangor should be set up in Putrajaya and Negeri Sembilan. The group of ‘Biodiversity and 
Water Quality’ suggested that a ‘National River Basin Authority’ should be set up. These 
should cater not only the Langat river basin area but also the whole country. The Department 
of Irrigation and Drainage (DID) should be the interim caretaker as well as the IRBM 
secretariat. 

 
The third group of ‘Domestic, Industrial and Agricultural Water Supply’ proposed the 

‘Ministry of Water Resources’ as the leader supported by Federal and State Water Agencies. 
 
 

Poor Land
Use

Management

Inadequate
Protection of

forest and green
area/ Poor
monitoring

Unclear linkages
between land use

and protection
of river

Depletion of
Biodiversity
and Water

Quality
Deterioration

Improper land
conversion/

Expansion of
Urbanisation

Pressure on
Domestic,

Industrial and
Agricultural

Water Supply

Increasing
water demand

River water
pollution

Floods

River corridor
and reserve

encroachment 

Inadequate
Support and

Capacity
Building

Lack of
political will

Lack of
awareness

Poor
coordination

Main issues

Sub Issues



 59

 
The group of ‘Floods’ specified the lead agency comprises DID and Local Authority. 

Other agencies involved as members are Department of Environment (DOE), Department of 
Town and Country Planning (JPBD), Land Office, Department of Mineral and Geosciences 
(JMG), Department of Agriculture (DOA), State Water Agencies (LUAS, PUAS etc), Ministry 
of Health, Forestry Department, Public Work Department (PWD), Malaysian Highway 
Authority (MHA), NGOs, General Public Representatives. 

 
The final group of ‘Support and Capacity Building’ listed DID, DOE, State Water 

Agencies, Sewerage Services Department (SSD), JPBD, Negeri Sembilan Exco, Department of 
Local Government, Perbadanan Putrajaya and NGOs. The committer should be chaired by 
Selangor State Government while DID as the secretariat. The Selangor State Government was 
chosen to chair since most of the Langat river basin is located within Selangor. Table 1 
summarises the proposals from each group. 
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Table 1: Lead Agencies 
 

Group Name Lead Agency Agency in Committee Comments

Land Use Langat River Authority - Insist power rotation between 
Federal and State Governments

Biodiversity and 
Water Quality National River Basin Authority State Water Authority (LUAS, 

PUAS etc.)
DID as interim caretaker as well 
as IRBM secretariat

Domestic, Industrial 
and Agricultural 
Water Supply

Ministry of Water Resources
State Water Authorities and 
Federal Agencies (DID, DOE 
etc.)

-

Floods DID and Local Authorities

DOE, JPBD, Land Office, 
JMG, DOA, LUAS, PUAS, 
Ministry of Health, Forestry 
Dept, PWD, MHA, NGO and 
public

-

Support and 
Capacity Building Selangor State Government

DOE, LUAS, SSD, JPBD, 
Negeri Sembilan EXCO, Dept 
Local Government, Perbadanan 
Putrajaya and NGO

DID as secretariat

 
 

 
4.2. Expected Outcomes 

 
Fig. 3 depicts the expected outcomes for each group. Interesting results have been 

collated in these processes whereby the numbers of action plans that are inter-connected with 
the main issues increase quite substantially. In this respect the numbers increase from two to 
six (three folds). This is a positive indication that integration between the action plans is 
implemental. 

 
The analysis also indicates that action plans for ‘Support and Capacity Building Group’ 

need more integrated approach due to the fact that these action plans are also belong to ‘Land 
Use Group’, ‘Floods Group’, and ‘Biodiversity and Water Quality Group’. These action plans 
are ‘Expediting gazettement of river reserve’, Create awareness through public participation’, 
and ‘Coordinated collaboration and performance’. 

 
Others action plans that are also inter-connected to several main issues are ‘Rehabilitate 

river water quality’ that belongs to ‘Domestic, Industrial and Agricultural Water Supply 
Group’ and ‘Land Use Group’. Moreover, action plans of ‘Established IRBM committee’ and 
‘Set up Langat. 



 61

River Basin Information System’ belongs to ‘Floods Group’ as well as ‘Biodiversity 
and Water Quality Group’. 

 
4.3. Priority Short Term Plans 

 
Fig. 4 portrays the short term plans that are urgently need to be addressed by the 

stakeholders. Altogether there are 19 plans that need immediate actions. Out of these numbers 
five are inter-connected to the main issues. The most urgent plan are ‘Gazette the river corridor 
reserve’ and ‘Class II water quality by 2008’. The former belongs to three main issues i.e. 
‘Land Use Group’, ‘Biodiversity and Water Quality Group’, and ‘Support and Capacity 
Building Group’ while the latter belongs to ‘Floods Group’, ‘Domestic, Industrial and 
Agricultural Water Supply Group’ and ‘Land Use Group’. 

 

Land
Use

Group

Decentralisation
of power

Fully utilise
existing urban area
to avoid expansion

Biodiversity
and Water

Quality
Group

Domestic,
Industrial and
Agricultural

Water Supply
Group

Floods
Group

Gazettement of
forest

Set up Steering
Committee by

EPU

DID as
IRBM

secretariat

Reduce
non-revenue

Water to 20%

Supply based
on demand

management

ISO 14000
compliance

Formulate
river law

Integrated flood
and land use
management

Fully utilise best
management

practice BMP’s

Set up
comprehensive

flood forecasting
and warning

system

Support and
Capacity
Building
Group

Set up basin
road map

Main issues

Expected outcomes

Expediting
gazettement

of river reserve

Create awareness
through public
participation

Rehabilitate
river

water quality

Coordinated
collaboration

and performance

Set up Langat
River Basin

Information System

Established IRBM
committee

 
 

Fig. 3: Expected Outcomes 



 62

Three other plans that are inter-connected are (i) ‘Land use/alienation/conversion 
control’ that is related to ‘Floods Group’ and ‘Land Use Group’, (ii) ‘Reduce solid waste by 
2005’ that belongs to ‘Floods Group’, and ‘Support and Capacity Building Group’, and (iii) 
‘Prepare awareness program modules/syllabus in school etc’ that is connected to ‘Support and 
Capacity Building Group’, and ‘Domestic, Industrial and Agricultural Water Supply Group. 

 
4.4. Group Conclusions and Recommendations 

 
Fig. 5 shows the final outcome of the Strategic Planning and Management of Water 

Resources for Langat River Basin. None of the recommendations merge with each other 
denoting these issues have been converged into several essentials action plans. These plans are 
meant for both the short and long terms measures. 

 
5. Benefits of SPM Approach 

 
Among the benefits obtained from the SPM approach are: 

• Convenient and straight forward technique to identify problems and 
propose solutions, 

• Issues identification at the lowest level by various sectoral experts, 
• Suggest appropriate short and long terms solutions based on each issue, 

 
• Lay generic and specific action plans for each issue, 

Land
Use

Group

Gazette River
Corridor Reserve

(in stages)

Land use/alienation/
conversion control

Biodiversity
and Water

Quality
Group

Adoption of
Langat IRBM
Master Plan

Support and
Capacity
Building
Group

Create EXCO
portfolio on rivers

and water
resources by 2005

Coordinated
enforcement

Class II water
quality by 2008

Establish IRBM
Committee

Capacity building
of Agencies

Establish Langat
River Basin
Management
Committee

No squatters
by 2005

Industrial effluent
to comply ISO
14000 by 2005

Reduce solid
waste by 2005

Change mindset
of citizens

Floods
Group

Establish Flood
Warning and

Forecasting System

Full implementation
of MSMA

Reduce 80% flood
by 2008

Prepare awareness
program modules/

syllabus in
school etc 

Domestic,
Industrial and
Agricultural

Water Supply
Group

Educate public
on water saving

by 2008

Provide fund to
replace old pipes

by 2008
Main issues

Priority Short 
Term Plans

 
 

Fig. 4: Priority Short Term Plans 



 63

• Pave way the cross sectoral solutions, 
• Collate and integrate the solutions into strategically and manageable 

measures, 
• Line up integrated plan of actions through holistic means 

 
In short, the Malaysian Government has implemented some of the recommendations 

listed by the Workshop using the SPM approach such as: 
• Establishment of Ministry of Natural Resources and Environment in 

Mac, 2004, 
• Gazettement of water catchment areas (Cabinet Directive November, 

2004), 
• Formulation of River Law (in process), 
• Squatters free by 2005, 
• Love Our Rivers Campaign (on going) 
• Study on Integrated River Basin Management (IRBM), 
• River rehabilitation and restoration programs, 
• Establish National Rivers Blueprint and etc. 

 
 

6. Challenges of SPM Approach 
 
Among the challenges discovered by employing the SPM approach are: 
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• The ability of each expert to accept other view point and reach agreeable 
solutions, 

• The ability to voice out their points into simple and comprehendible 
means, 

• The willingness to be transparent during discussion, 
• Needs strong and dependable vehicle to bring up the recommendations 

 
7. Plans for Sustaining SPM Approach 

 
Practical plans that could adduce the sustainability of SPM approach are: 

• Reliable technique utilized during discussion (card, matrix, SWOT etc), 
• Create small but effective action group (champion) to implement action 

plans, 
• Powerful and continuous sponsor to fund project, 
• Follow up by experts on periodical/monthly basis, 
• Establish networking among the partners 

 
8. Concluding Remarks 

 
The workshop was able to bring up important issues and propose solutions generated 

from five identified main issues through implemental action plans. The workshop was 
conducted by dividing the participants into ten groups denoting two groups per issue. The 
initial process was to diverge the issues through brainstorming sessions by using various 
facilitations techniques. Most of the groups utilized card techniques to extract ideas. For 
choosing the appropriate solutions, action plans and recommendations, most groups used 
matrix technique. 

 
The concept of Strategic Planning and Management (SPM) introduced in this workshop 

has enabled the water resources stakeholders within Langat River Basin to convene and discuss 
on the basic issues, solutions and action plans that are vital for the formulation of Integrated 
River Basin Management Plan (IRBM) in Malaysia. Some of the inputs and outcomes that 
have been put through in this workshop last year have been applied and harnessed by the 
Government recently and further improvement on the overall concept of IRBM is moving 
progressively. With these positive steps, the utilization of SPM technique in Malaysia is 
heading towards the right track and could be utilized also for the same purpose on other 
strategic management issues in the country. 
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WATER POLICY 

 
NEW COMPLEXITY IN SHANGHAI WATER POLICY: 
EMERGENCE OF NEW ACTORS IN POLICY MAKING   

 
Seungho Lee∗ 

 
Abstract 

 
This paper aims to analyse the extent to which Shanghai has coped with water supply 

as well as water quality control challenges since 1990 with a special reference to social 
actors impacting on water policy.  The study particularly focuses on contributions from each 
actor in water policy, not only the single and most influential actor, the Shanghai 
government, but also emerging actors, such as private companies, environmental NGOs, 
Shanghai citizens, and international development agencies.  The Shanghai water sector in 
recent few years has been diversified through interactions between the Shanghai 
government and newly emergent social actors.  Consequently, water policy in Shanghai is 
influenced by multilateral interactions between these actors with diverse interests and goals. 

 
Compared with the northern part of China that suffers from water scarcity, Shanghai 

is located in a better position in terms of water provision thanks to its relatively abundant 
water resources.  However, the severe water pollution in Shanghai has caused little water 
availability that may retard the speed of socio-economic development and pose a threat to 
public sanitation and health.  The urgent call to remedy water pollution has led the 
Shanghai government to resort to the revitalized private sector, largely led by water 
transnational corporations and even to support from the public through encouragement of 
environmental NGO activities and public participation in environmental protection activities 
since the late 1990s.  The year-long engagement of international development agencies has 
also contributed to the complexity in water policy.    

 
Data and information derived from interviews with different actors in Shanghai 

water policy between 2001 and 2004 demonstrate that water transnational corporations and 
Chinese companies have been leading private sector participation in the Shanghai water 
sector.   International development agencies have contributed to improvement of facilities 
and networks as well as institutional settings in water services, which has provided a 
foundation for private sector participation.  Despite their limitations, the influence of 
environmental NGOs in Shanghai has been growing together with an incremental increase 
in public awareness of the need for environmental protection.  The Shanghai government 
has begun to transform itself from a sole service provider into a regulatory entity overseeing 
the institutional evolution of the water sector.  The paper concludes that the polarized state-
society duality in Shanghai water policy has been transformed through the contributions of 
new social actors.  Multilateral cooperation between social actors will be a key to the 
achievement of the provision of high-quality water in Shanghai. 

 
 
 

                                                 
∗ Seungho Lee, Lecturer in Chinese Environment at the Institute of Contemporary Chinese Studies (ICCS), the 
University of Nottingham, China House, Lenton Fields, University Park, NG7 2RD, UK.  Contact: 
Seungho.Lee@nottingham.ac.uk  
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1.  Introduction 
 
This paper analyses the extent to which Shanghai has tackled challenges in water 

supply and water quality control since 1990 with a focus on social actors impacting on water 
policy. The study has addressed the new transformation of water policy in Shanghai influenced 
by diverse social actors, including not only the Shanghai government, but also newly emerging 
actors, private companies, environmental NGOs, and ordinary citizens.  International 
development agencies have also played an indirect but pivotal role in water policy-making by 
participating in a myriad of water engineering projects over the past two decades.  Such 
development in the Shanghai water sector has been identified since the late 1990s.  The 
complexity in Shanghai water policy has brought about an unprecedented dynamics in water 
policy, created by multilateral interactions between diverse actors and begins to redefine the 
role of the Shanghai government and other actors.  This study concludes that the future of 
securing high quality water in Shanghai hinges upon the extent to which these actors in the 
Shanghai water policy domain work together. 

 
Shanghai’s gleaming tall buildings stand in stark contrast to the muddied waters of the 

Huangpu River. Indeed, the Huangpu and most of Shanghai’s waterways have been heavily 
polluted for decades. To ameliorate water pollution, the Shanghai government began to pay 
attention on water quality control in the early 1980s.  As Shanghai’s economy has grown, the 
government has been able to devote more resources to protecting this precious resource.  In the 
years between 2001 and 2002, fieldwork was conducted in Shanghai and Beijing to better 
understand the scope and direction of Shanghai water policies. 3  Prior to fieldwork, a professor 
in Shanghai informed that the private sector played a very minor role in Shanghai water 
management and protection.  He also pointed out that the city had no environmental NGOs.4  
Non-state actors appeared to have no significant impact on governmental water policies.  With 
that hypothesis, the analysis would be a straightforward investigation of the municipal 
government, which appeared to be the sole provider of water services and free to craft water 
policies.  

 
However, through data and interviews in fieldwork, it became clear that the Shanghai 

government’s dominance of water policy in the 1980s and 1990s was waning, and political 
space was opening for non-state actors, such as environmental NGOs and private companies, 
particularly water Trans National Corporations (TNCs). In addition, international development 
agencies, such as the World Bank, the Asian Development Bank, and bilateral donor agencies, 
have come to exert influence on the Shanghai government’s environmental and natural 
resource policies by requiring the government to reform its institutions and decision-making 
policies.  The recent picture of Shanghai water politics is not dominated by the government 
alone, but is instead a very dynamic interaction of domestic and international public and 
private sector groups.  Figure 1 helps understand how Shanghai society has evolved from the 
state-society duality to the current complexity demonstrating a change of political economy 
landscape populated by different social actors. 

 
 
 
 
 

                                                 
3 The fieldwork was funded by the SOAS Additional Fieldwork Award, the Universities China Committee in 
London Grant, and the Central Research Fund in the University of London. 
4 Interview with a professor, Geography Department in East China Normal University in April 2001. 
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Figure 1.  

Transformation of Society in Shanghai 
 
The first part of this paper will lead to a brief introduction of the water quality situation 

prior to discussion of various efforts implemented by the Shanghai government.  Secondly, this 
study carves out the achievements of the Shanghai government in ameliorating serious water 
pollution with reference to its institutional, regulatory, and engineering measures.  Private 
sector participation in the water sector is the third discussion topic, which will shed light on the 
activities of private companies, particularly water TNCs and Chinese companies, from the late 
1990s to today.  Fourthly, attention will be paid to international development agencies, which 
have had an indirect impact on the current shape of the Shanghai water policy domain through 
their suggestion for institutional reform in the course of a series of water project 
implementation.  Lastly, the research will have an insight into environmental NGOs that have 
increasingly gained support from the public and have led civil movements in environmental 
protection.  

2.  Water Quality Control: Major Challenge for Shanghai 
 
Prior to the 1980s, water management and policy in China emphasized water supply 

and flood control needs with little attention given to water pollution control. Under China’s 
socialist economic system, water-related services and supply works were exclusively 
governmental responsibilities. This top-down water management system, however, did not 
guarantee an efficient or clean supply of water.  For example, in the late 1990s, only 30 percent 
of municipal wastewater in medium and large cities in China was processed in treatment 
plants. Today, the growth of China’s sewage discharge is estimated at 2.4 billion cubic meters 
whereas the capacity of new sewage treatment plants can cover only 300 million cubic meters 
per year—clearly China’s newly established sewage facilities cannot keep up with the growth 
of sewage discharge.  

 
According to a pollution source survey in 1985, around 60 percent of the industrial 

sewage flowed directly into rivers in Shanghai. Untreated industrial sewage was thus the major 
pollutant of Shanghai waterways. In the 1990s, it was reported that 70 to 80 percent of 
industrial sewage received sewage treatment, which on the surface would appear a major 
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accomplishment. However, Shanghai’s industrial sewage received only pre-treatment 
processing and no primary and secondary treatment, thereby still leaving the city’s waterways 
polluted (See Table 1). While the city has focused on industrial water treatment over the two 
decades, the growth in domestic sewage in Shanghai has outpaced that of industrial sewage 
since 1996. This massive increase in domestic wastewater and the low level of treatment have 
offset the improvements Shanghai made in treating industrial wastewater.  Currently, one of 
the main concerns in water pollution control in Shanghai is how to regulate and control the 
increasing domestic sewage.  

 
Table 1.  2000 Water Quality Assessments in Points along the Huangpu 

River 
(Class I – Best, Class V – Worst) 

Assessing 
Point Dianfeng Lianjiang Songpu 

Daqiao Wusongkou Yangpu 

Water 
Quality Class IV IV IV IV V 

 Source:  China Environment Yearbook Editing Board (2000), Zhongguo Huanjing 
Nianjian 2000 (China Environmental Yearbook 2000), Beijing: China Environment Yearbook 
Press. 

3.  Shanghai Government 
 
Confronted with such immense scale of water pollution in water bodies, the Shanghai 

government has established water quality targets and regulations in accordance with national 
environmental policies and standards for more than two decades.  For instance, the Shanghai 
government complied with the central government’s effort to build up a legal framework to 
regulate wastewater pollution, by enacting The Shanghai Combined Sewerage Management 
Act 1992.  One of the major water conservancy efforts by the Shanghai government was the 
Shanghai Huangpu River Upstream Water Source Area Protection Ordinance 1985 (revised in 
1990 and 1997). The importance of the 1985 Ordinance lies in the fact that the Shanghai 
government began to pay more attention to preventive management rather than end-of-pipe 
engineering solutions to water pollution (See Table 2).  
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Table 2.  Selected Regulations, Rules, and Measures in Shanghai Water Pollution 

Control Policy 
 

Title  Year Revision 
Municipal Huangpu River Upstream Water Source 
Area Protection Regulations 
Municipal Environmental Protection Regulations 
Drainage Management Regulations 
Water Supply Management Regulations 
Waterway Management Regulations 

1985 
 
1994 
1996 
1996 
1997 

1990 and 1997  
 
 
2001 

New Area Cleaning Waterway and Management 
Preliminary Rules 
Water Intake Permit System Implementation Rules 

1990 
 
1995 

 

PRC Water Law Implementation Measures 
Water Saving Management Measures 

1992 
1994 

 

Municipal Industrial Wastewater Discharge 
Implementation Standards  
Municipal Wastewater Integrated Discharge 
Standards 

1989 
 
1997 

 

Sources: Shanghai Water Authority  (http://www.shanghaiwater.gov.cn) 
Environmental Information China (http://www.enviroinfo.org.cn)  
Shanghai Environmental Protection Bureau (http://www.envir.online.sh.cn)   

 
In addition to local regulations and standards, in the 1980s and 1990s the Shanghai 

government created a set of environmental protection organizations that have strengthened the 
city’s ability to improve water quality. The organizations include the Shanghai Environmental 
Protection Bureau, a center for environmental monitoring, and an environmental research 
institute. The most recent innovative organizational breakthrough in Shanghai water policy was 
the establishment of the Shanghai Water Authority in May 2000. This authority is an integrated 
governmental body covering diverse waterworks and projects that were previously dealt with 
by separate governmental bureaus.  The Shanghai Water Authority is a hybrid of different 
governmental bureaus in the Shanghai government, such as Geology and Mining Bureau, 
Public Utilities Management Bureau, Water Conservation Bureau, and Municipal Engineering 
and Management Bureau.  Apart from Shanghai, other areas in China have begun to integrate 
different water-related governmental bureaus into one organization, such as Inner Mongolia 
and the cities of Shenzhen and Shijiazhuang.  

 
It is argued that Shanghai has benefited from strenuous efforts of the government in 

institutional and regulatory reforms in remedying water pollution challenges in Shanghai for 
more than two decades.  It is worthwhile to have an insight into some successful regulatory 
achievements.  First, at the beginning in the 1980s, the Shanghai government made some major 
progress in dealing with the two main water pollutants—heavy metal and organic pollution.  
Shortly after its creation, the Shanghai Environmental Protection Bureau (SEPB) gave priority 
to control heavy metal pollution, and in the early 1980s, SEPB gathered all the electroplating 
companies scattered around the city into a few locations so they could be better monitored.  
Secondly, a handful of pulp mills, which had been responsible for 25 percent of the biological 
oxygen demand (BOD) in the Huangpu River, were closed down in the 1980s. Thirdly, in 
order to tackle organic pollution, the food and pharmaceutical industries, which create and 
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discharge concentrated organic effluent, were encouraged by SEPB to adopt pre-treatment 
practices in the mid-1990s. 

 
In addition to these regulatory efforts, the Shanghai government has undertaken a series 

of engineering projects related to drainage, sewerage, freshwater supply, and wastewater 
treatment. One of the most comprehensive projects was the Huangpu River Wastewater 
Integrated Prevention and Control Planning Process, which was proposed in 1985 and brought 
about the launch of two projects: Shanghai Sewerage Project (1988-1999); and the Shanghai 
Environment Project (1995-2001). As a result of the projects, the sewage treatment rates have 
risen considerably - in 1991, 74 percent of industrial sewage and 13.9 percent of domestic 
sewage were treated.  By 2000 sewage treatment rates increased to 98 percent of industrial 
sewage and 50 percent of domestic sewage.5   The Shanghai Urban Environment Project in late 
2001 was also launched to supplement the Shanghai Sewerage Project and the Shanghai 
Environment Project as an integrated project covering various urban and environmental issues. 

 
While these efforts might lead one to conclude that the government was the dominant 

force in determining water policy, throughout the 1990s the role of private companies and 
international development agencies such as the World Bank and the Asian Development Bank, 
have pushed forward the Shanghai government’s water policy initiatives. While not active in 
the water sector, environmental NGOs have slowly increased in Shanghai as well. As they 
become more entrenched in the policy arena (and the Shanghai government becomes more 
open to their input) the power of these non-state actors to shape water policy will grow. 

 
4.  Private Companies 

 
The provision of water supply and sewage treatment services in Shanghai was regarded 

as the responsibility of the government until the late 1990s.  The idea that water is an economic 
good has still not been widely recognised and accepted in Chinese society.  In addition, the 
firm grip of the government over social services in the communist regime consolidated the 
state-society duality whereas the growth and involvement of the private sector was 
discouraged.  In such circumstances, private sector involvement in the Shanghai water sector 
had not been noticeable until the early 1990s although the rapidly changing political economy 
has prevailed over many aspects of society and economy in Shanghai since 1978.  The shift in 
approach began because of chronic problems in water supply and sewage treatment services.  
Management was inefficient, and skills and facilities were out of date.  Although there have 
been more than twenty sewage treatment facilities built in Shanghai, the effectiveness of 
operating the current facilities is in question, with only about 60 percent of the facilities being 
in operation.6  There was a lack of finance.  The necessary investment for water services during 
the Tenth Five Year Plan period (2001-2005) is estimated at more than RMB 38 billion (US$ 5 
billion).7   

 
Aware of the high potential of the China and Shanghai water market, water TNCs, such 

as Veolia, Suez, and Thames Water, began to enter the water market in China as well as in 

                                                 
5 Shanghai Environmental Protection Bureau, Shanghai Huanjing Gongbao (Shanghai Environmental Bulletin) 
1991 and 2001. 
6 Shao, Fang, Huang, Shenfa, and Sun, Jian (2001), ‘Shanghaishi Wushui Chuli Sheshi Wenti Tanxi (Approach on 
the Problems of Sewage Treatment Installation in Shanghai)’, Shanghai Huanjing Kexue (Shanghai 
Environmental Sciences), Vol.20, No.12. 
7 ‘Opening of the Shanghai Water Market’, 10 June 2002, Zhongguo Huangjing Bao (China Environment News).  
Available Online: http://www.cenews.com.cn/news/2002-06-10/17080.php  
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Shanghai from the 1980s.  The hard drive for economic reforms and development in Shanghai 
since the early 1990s has provided foreign and local private companies with favourable 
circumstances in which they can participate in water supply and sewage treatment services.  As 
the earliest market pioneer, Thames Water began its business in Shanghai through the Da 
Chang BOT (build-operate-transfer) water project in 1996.  Since then, two leading French 
water TNCs, Veolia and Suez, have joined the market to take advantage of the trend towards 
the privatisation in water supply and sewage treatment services in Shanghai.   

 
RWE Thames Water 
The Da Chang BOT water plant by Thames Water (now RWE Thames Water) aimed to 

build and manage a water treatment plant in Da Chang with an operation period of twenty 
years and the capacity of 400,000 m3/d (peak: 520,000 m3/d).8  The importance of the project 
lies in the first BOT water plant and the first in China to receive the ISO 14001 environmental 
accreditation.  Compared with the recent activities of French counterparts, Veolia and Suez, 
Thames Water seemed to be dormant in expanding its business in Shanghai.  However, the 
company participated in the Shanghai Shibei Water Consortium in May 2003, which was 
commissioned by the Ministry of Science and Technology to conduct a three year research for 
enhancing drinking water quality in the southern part of China with a particular focus on 
Shanghai.9   

 
Suez (Ondeo) 
The first step of the Suez Group to the Chinese water market began in 1975.  Since 

then, Suez has set up seventeen joint ventures in many parts of China and provided water 
services to around thirteen million customers in China.10  Since 2001, the Suez Group has 
entered the Shanghai water market more aggressively although the group’s business activities 
were negligible in Shanghai until 2000.  In July 2001, Ondeo in the Suez Group won a contract 
for the management of water services in the Shanghai Pudong Spark Industrial Zone over a 
thirty-year period.11  More extensive activities of Suez in the Shanghai water market were 
visible in the year of 2002.  In March 2002, Ondeo set up a joint venture in the Shanghai 
Chemical Industrial Park to provide an industrial sewage treatment service for fifty years with 
the total investment of US$ 54 million and the capacity of 50,000 m3/d.12  Another successful 
contribution by Suez in Shanghai was the reconstruction project of the Nanshi and Yangshupu 
drinking water treatment plants signed in May 2002.  The project cost is estimated at US$ 31.2 
million, and the total capacity of two plants is 860,000 m3/d.13  

                                                 
8 Owen, David (2002), Masons Water Yearbook 2002-2003, London: Masons Solicitors, and Thames water Da 
Chang Project.  Available Online: http://www.projectprofiles.co.uk/thames-project_shanghai.htm  
9 ‘Improving Water Quality in China’, Thames Water Website.  Available Online: http://www.thames-
water.com/TW/division/en_gb/content/news  
10 Owen (2002), and ‘Ondeo (Suez) Strengthens Its Leading Position in China’s Water Market’, 22 May 2002, 
Ondeo Press Release.  Available Online: http://www.ondeo.com/press/eng/cp_shanghai_qingdao_eng.pdf  
11 ‘Ondeo Strengthens Its Leadership in China with a New Industrial Services Contract Win in Shanghai’, 20 
March 2002, Suez Press Release, Year 2002.  Available Online: 
http://www.suez.com/finance2/english/news/detail.php?id=819&pg=year&anneeteq=2002  
12 ‘Ondeo Strengthens Its Leadership in China with a New Industrial Services Contract Win in Shanghai’, 20 
March 2002, Suez Press Release, Year 2002.  Available Online: 
http://www.suez.com/finance2/english/news/detail.php?id=819&pg=year&anneeteq=2002, ‘Shanghai Gets Its 
First Joint Waterworks’, 27 March 2002, China Daily.  Available Online: 
http://www1.chinadaily.com.cn/news/cb/2002-03-27/62898.html, and ‘Zhongwai Shouci Hezuo Gaizao Shanghai 
Shuizhi (Sino-French Joint Venture will Improve Water Quality in Shanghai)’, 11 March 2002, Xinwen Wanbao 
(Xinwen Evening News).  
13 ‘Ondeo (Suez) Strengthens Its Leading Position in China Water Market’, 22 March 2002, Ondeo Press Release.  
Available Online: http://www.ondeo.com/press/eng/cp_shanghai_qingdao-eng.pdf  
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Veolia14 
Veolia had been relatively new to the Chinese water market until the late 1990s.  But 

the company began to expand its business territories sine they won the Chengdu water supply 
BOT project in 1998.15  Veolia entered the Shanghai water market in 2002 by winning an 
international bidding in supplying water to Pudong.  It had been commonplace to see various 
types of joint ventures in Shanghai as well as other areas in China, such as the Suez Group’s 
joint ventures to provide water services in the Shanghai Spark Development Zone.  But 
Veolia’s acquisition of a fifty percent share of the Shanghai Pudong Water Supply Corporation 
was unprecedented until that time and became a new type of water business in China.  The 
significant impact of the contract on the Chinese water industry was that Veolia became the 
first foreign company in China to be in charge of the entire waterworks process, from water 
processing to water distribution.  The contract period is fifty years, and Veolia agreed to invest 
around US$311 million.  The service area by the new company, the Shanghai-Veolia Pudong 
Water Supply Corporation, covers 319 km2 and about 550,000 customers whose average 
drinking water consumption is estimated at 1.2 million m3/d.16   

 
Chinese Companies 
In addition to the active participation of water TNCs in the Shanghai water market, 

there are some Chinese private companies that managed to win large-scale sewage treatment 
plants in Shanghai in the years of 2001 and 2002.  In early June 2002, a domestic consortium, 
the Youlian Consortium17 succeeded in signing a BOT contract with the Shanghai government 
to establish the Zhuyuan sewage treatment plant with the total investment of RMB 870 million 
(US$ 110 million) for twenty years.  The Zhuyuan plant is the largest sewage treatment plant 
in mainland China with the sewage treatment capacity of 1.7 million m3/d.18  

 
The Beijing Sound Environment Industry Group (Sound Group) is another growing 

Chinese private company in the Shanghai water market.  The group in June 2001 agreed to 
build sewage treatment plants of a BOT scheme in eleven Chinese cities, including Jinshan 
District in Shanghai.19  Each of the eleven sewage treatment plants will have the capacity of 
more than 1.7 million m3/d, and the total investment will be around RMB 2 billion (US$ 240 
million) during the twenty-five year concession period.  Table 3 provides a summary of water 
projects funded by foreign and Chinese private companies in Shanghai from the 1990s to 2003. 

 
 

                                                 
14 Veolia Environment was previously called ‘Vivendi Environment’. 
15 Wei, Hong (2001), ‘Private Sector Finance for Infrastructure’, ADB Report, the Western Region Development 
Workshop, 21 July 2001, Beijing. 
16 ‘Vivendi Environment wins the international tender for the 50 year outsourcing contract to operate and manage 
Pudong water services, Shanghai’s leading business district’, 22 May 2002, Vivendi Water Press Release.  
Available Online: http://www.vivendiwatersystems.com/uk/CP_311001/shanghai.htm  See also ‘Waizi Shuiwu 
Kaituo Shanghai Shichang (Foreign Investment Entering Shanghai Water Market)’, 24 June 2002, Zhongguo 
Huanjing Bao (China Environment News).  Available Online: http://www.cenews.com.cn/news/2002-06-
24/17393.php 
17 The companies are the Youlian Enterprise Development Company, Huajin Information Industry Investment 
Company, and the Shanghai Construction and Engineering Group. ‘Minjian Ziben Shoujin Shuiwu Gongyong 
Shiye Lingye (First Private Sector Involvement in the Public Water Service Area)’, 5 June 2002, Shuiwu Xinwen 
(Shanghai Water Authority News). 
18 ‘China’s Largest Sewage Treatment Factory to Be Run Privately’, 5 June 2002, Xinhua Net. Available Online: 
http://news.xinhuanet.com/english/2002-06/05/content_426068.htm 
19 ‘Sewage Treatment Goes Private’, 15 June 2002, China Daily.  Available Online: 
http://www1.chinadaily.com.cn/hk/2001-06-15/14127.html  
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Table 3.  Water Projects by Private Companies in Shanghai from the 1990s to 

2003 

Compani
es Name PJT Name 

Contrac
t 
Type 

Cost 
(US$ 
Mil) 

Concess
ion 
Period 

Capacity 
(m3/d) 

Partner/Clien
t 

Da Chang 
Water 
Treatment20 

BOT 78 
20 years 
from 
1996 

400,000 
(peak 
520,000) 

Shanghai 
Waterworks 
Company 

RWE 
Thames 
Water 

National 
Research & 
Developmen
t 
(Drinking 
Water) 

Technica
l 
Guidanc
e and 
Advice 
Service 
(Consort
ium) 

9 2003 -   
Ministry of 
Science & 
Technology 

Pudong 
Spark 
Industrial 
Zone Water 
Supply 
Services 

Joint 
Venture  

30 years 
from 
2001 

 Shanghai 
Government 

Pudong 
Spark 
Industrial 
Zone 
Industrial 
Sewage 
Treatment 

Joint 
Venture 54 

50 years 
from 
2002 

50,000 
Shanghai 
Chemical 
Industrial Park

TNC 

Suez 
(Ondeo) 

Reconstruc-
tion of the 
Nanshi and 
the 
Yangshupu 
Water 
Treatment 
Plants 

Recon-
struct  31 2002 - 

860,000 
(combined 
capacity) 

Shanghai 
Shinan and 
Shibei Water 
Supply 
Company 

                                                 
20 The plant was sold out by Thames Water to the Shanghai Shibei (Northen City) Water Treatment Corporation 
in June 2004. 
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Veolia 

Shanghai 
Pudong 
Veolia 
Water 
Supply 
Corporation 

Equity 
Sale 
(Pur-
chase of 
a 50% 
share of 
the 
Chinese 
counterp
art) 

311 
50 years 
from 
2002 

 

Shanghai 
Pudong Water 
Supply 
Corporation 

Youlian 
Con-
sortium 

Zhuyuan 
No.1 
Sewage 
Treatment 
Plant 

BOT 110 
20 years 
from 
2002 

1.7 million Shanghai 
Government 

Chinese 
Com-
panies Beijing 

Sound 
Group 

Shanghai 
Jinshan 
Sewage 
Treatment 
Plant 

BOT  
25 years 
from 
2002 

1.7 million Shanghai 
Government 

 
Source: author’s compilation of information from fieldwork and Lee, Seungho (2003), 

'Shanghai growth overshadows risks', Global Water Intelligence, Volume 4, Issue 10, October, 
p8-10.  Available Online: http://www.globalwaterintel.com/Samples/oct03.htm 

 
The examples discussed above illustrate that the Shanghai government is committed to 

promoting private sector participation in the water industry. While attracting foreign industries 
has been relatively easy, developing a thriving private water supply and sewage industry will 
require changes in the city government’s institutions and reforms. Possible institutional 
reforms for the development of private sector participation in the Shanghai water sector 
include rationalization of water pricing; greater transparency of policymaking; and 
improvement in the legal and regulatory frameworks.  In addition, the Shanghai government 
has to remove a wide-spread suspicion of re-valuation of RMB, the Chinese currency.  

 
These tasks, however, are difficult to achieve under the current socio-political, 

economic and institutional settings in China.  Confronted with such challenges in the Shanghai 
water market, Thames Water had devoted itself to adjusting to uncertainties and risks for few 
years, however, the company decided to pull out of the market in June 2004.  The Da Chang 
Plant that had been constructed and operated by Thames Water since 1996 was taken over by 
the Shanghai Shibei (Northern City) Water Treatment Corporation.  The major reason for this 
event stemmed from the State Council’s decision in 2002 that guaranteed rates of return for 
infrastructure projects are illegal and risks and returns in BOT projects should be shared by 
Chinese as well as foreign partners.  The contract guaranteed a fixed return of fifteen percent 
per annum in 1996 but the term became illegal.  Although Thames Water tried to renegotiate 
terms of conditions with the Shanghai waterworks company (actually the Shanghai 
government) but the companies did not come to agreement.21   

                                                 
21 ‘Risky BOT Project Dries Up Thames Water’, DC Consult News Release, 2 June 2004.  Available Online: 
http://www.dckonsult.com/wrapper.php?newsid=1583&PHPSESSID=6c8bb07f1c692cd612d47f083a9ef09f  and 
Personal communication with the Former Director of Thames Water Shanghai in November 2004. 
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Thames water’s pull-out from the Shanghai water market implies a couple of 

challenges that foreign companies should deal with.  First, it is still a long way to go for 
establishment of transparent policymaking in China.   It is hard to predict the direction of 
political decision on policymaking in the central government, and as shown well in the 
Thames’ case, foreign companies, including water TNCs, are uncertain of what would have a 
negative impact on the market.  Secondly, this reflects a prevailing Chinese mode of way of 
life, ‘everything is negotiable’.  Although Thames Water seemed to resort to the previous 
contract terms and conditions against the State Council’s decision, the Chinese partner did not 
agree to refer to the previous contract but stick to the new edict from the central government.  
Such behaviour appears to be local governments’ deference to hierarchy, however, it also 
implies that the Chinese partner in the project found the edict favourable to itself against 
Thames Water.  These two elements suggest that the Shanghai water market is still risky and 
uncertain.    The Shanghai government faces a big challenge of how to persuade water TNCs 
and foreign companies to continue ‘business as usual’ in spite of constant unpredictable socio-
political, legal, and economic risks. 

 
5.  International Development Agencies 

 
To understand the evolving trends in the Shanghai water sector, it is important to focus 

on the contributions from international development agencies.  The primary motive in 
Shanghai’s invitation to international development agencies to participate in the Shanghai 
water sector were, first, to channel investment, and secondly, to improve local technical and 
managerial know-how and dilapidated water service facilities.  The first wave of development 
loans to Shanghai came from the World Bank.   

 
The World Bank has been deeply engaged in a set of major water engineering projects 

since the early 1980s. Two of the most exemplary World Bank initiatives were the Shanghai 
Sewerage Project (1988-1999) and the Shanghai Environment Project (1995-2001).  The 
Shanghai Sewerage Project was to build new sewage collection and wastewater treatment 
plants, 22 and the Shanghai Environment Project to move the water supply intake point to 
upstream of the Huangpu River.23  The Shanghai Sewerage Project Phase I and Phase II have 
been completed and now treated sewage drains into the Yangtze River.  The SEP has also been 
completed, and a new freshwater intake point has been chosen in Da Qiao (upstream of 
Huangpu River) to secure better quality drinking water.24  In each of these projects, the World 
Bank required the Shanghai government to undertake some institutional changes in municipal 
water service systems.  For instance, in the Shanghai Sewerage project, the Shanghai 
government had to establish the Shanghai Sewerage Company that would operate 

                                                                                                                                                          
 
22 World Bank (1996), Staff Appraisal Report: Second Shanghai Sewerage Project, 21 February 1996, 
unpublished project document, p18. Available Online: 
http://www4.worldbank.org/sprojects/Project.asp?pid=P003648 
23 Zhang, Chonghua (1997), ‘Case Study II, Shanghai Huangpu River, China’, in Richard Helmer and Ivanildo 
Hespanhol (eds.), Water Pollution Control: a guide to the use of water quality management principles, London 
and New York: E & FN Spon, p334.  See also Gu, Youzhi (2001), ‘Shanghai Jianshe Lianghao Shuihuanjingde 
Duicesilu (Thought of countermeasures for the construction of the better environment in Shanghai)’, in Chen 
Guoming and Zhu Dajian (eds.), Shengtaixing Chengshi yu Shanghai Shengtai Huanjing Jianshe (A Report of 
Eco-environmental Construction), Shanghai: Shanghai Academy of Social Science Press. 
24 Lu, Hongde (2001), ‘Shanghai Chengshi Shuihuanjing de Huigu he Zhanwang (Retrospect and prediction for 
the Shanghai Municipality’s Water Environment)’, Shanghai Chengshi Fazhan (Shanghai City Development), 
No.1, February 2001, p38. 
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independently from Shanghai governmental bureaus, and introduce a wastewater charge to 
provide sufficient revenues for operation and maintenance expenses.  In the Shanghai 
Environment Project, the World Bank conditioned a big increase of drinking water tariffs from 
mid-1993 to recover costs and contribute to capital requirements (See Table 4). 

 
Table 4.  Tap Water Tariff Comparison in the Selected Years in Shanghai 

Unit: US$/m3 (US$1 = RMB 8.28) 
 

Different 
Users 

1990 1994 1998 2003 

Household 0.02 0.06 0.10 0.12 
Industry 0.03 0.08 0.15 0.16  
Source:  Shanghai Price Annals Publication Board (1998), Shanghai Jiagezhi 

(Shanghai Price Annals), Shanghai: Shanghai Academy of Social Sciences, p556, Luo Yujia 
and Zhang Kunmin (2000), Kechixufazhan Zhong de Chengshi Shuijia Gaige (Municipal 
Water Price Reform in Sustainable Development), Beijing: Chinese Environmental Science 
Press, p54, and ‘Jinri Shuijia (Today’s Water Prices),’ Shanghai Water Authority Website. 

 
Although these tariff requirements have not yet been successfully implemented, the 

World Bank’s strict criteria and conditions over the years have begun to gradually shift the 
government’s attention from an engineering-centered style of managing water quality to a 
more cost-effective and market-driven approach.25  In this context, the government’s decision 
to allow Ondeo and Veolia to participate in sewage treatment plants and Pudong water service 
is not a sudden and unexpected outcome but a consequence of the government’s two decades 
of experience with the World Bank and other multilateral water projects.  

 
The Suzhou Creek Rehabilitation Project, funded by the Asian Development Bank, 

demonstrates another influential role of international development agencies in shaping 
Shanghai water policies.26  The Asian Development Bank mandated a new condition for the 
project—public consultation. According to the project’s required environment impact 
assessment (EIA), the rehabilitation work on the Suzhou Creek cannot be undertaken without 
considering social impacts and educating people who had to resettle about the need to revamp 
the area where they have lived.27  It is plausible to maintain that the Suzhou Creek EIA 
obligation will raise the awareness of environmental administrators in the Shanghai 
government and the importance of public opinion in implementing water projects and policies. 

 
The interaction between the Shanghai government and international development 

agencies over the past two decades has brought about two important results.  First, this 
development has faced the Shanghai government with new realities in that the government is 
no longer able to dominate water policy.  The Shanghai government as borrower of the 
development loans from the agencies has been in a position to follow the terms and conditions 
of the loans from international development agencies.  As a result, the requirements and 
guidelines of international development agencies, such as the rationalisation of water tariffs 
                                                 
25 Interview with Professor Gu Youzhi in World Bank China-Shanghai Environment Project Office in June 2002. 
26 Asian Development Bank (1999a), Report and Recommendation of the President to the Board of Directors on a 
Proposed Loan and Technical Assistant Grant to the PRC for the Suzhou Creek Rehabilitation Project, May 
1999, unpublished project document. 
27 Asian Development Bank (1999b), Summary Environmental Impact Assessment: Suzhou Creek Rehabilitation 
Project in the PRC, February 1999, unpublished project document. 
Available Online: http://www.adb.org/Documents/Environment/prc/prc-suzhou-creek.pdf 
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and restructuring governmental agencies, have appeared in policy and practice.  Secondly, 
based on these engineering and institutional achievements, the idea of private sector 
participation in the water sector was accepted in the government to pump-prime renovation and 
redevelopment of water services in Shanghai in the late 1990s.  

 
6.  Environmental NGOs 

 
The first Chinese environmental NGOs arose in the mid-1990s in major urban areas. 

Prior to 2002, however, the few specialized reports and publications on environmental NGOs 
in China contained no mention of green groups in Shanghai—most of China’s NGOs were 
operating in Beijing and in Sichuan and Yunnan provinces.28  Newly emergent civil forces in 
Shanghai, such as environmental NGOs, were invisible until the late 1990s.  Fieldwork in 2002 
identified a series of environmental NGOs that have grown up in Shanghai.  Despite 
challenges, the environmental NGOs have become a new force playing an increasing role in 
Shanghai environmental politics in cooperation with other social forces, quasi-governmental 
social associations, the media, international NGOs, and even the Shanghai government. 

 
Amongst the few environmental NGO groups29 in Shanghai, one of the most influential 

is the Shanghai Green Union, which has very successfully drawn university students to 
participate in various environmental protection activities—such as used battery collection and 
rubbish recycling campaigns on campuses.30   This group is closely linked to the China Green 
Student Forum, which was established in Beijing in 1996 and primarily active on-line.  The 
Shanghai branch of the China Green Student Forum has also been active off-line by organising 
localized environmental protection projects through disseminating information and exchanging 
ideas through email, telephone, and fax.   Some recent activities include green training camps 
for university student leaders held in Donghua University in March 2002.31  Another prominent 
green NGO is the Grassroots Community, which sponsors regular environmental education 
discussions and works with the Shanghai government in some community development 
projects.32   This NGO has seemed to gain the status of a mediating forum where different 
kinds of people gather, present their ideas, and share information on environmental issues, 
which induces a build-up of networks among environmental activities, university students, 
researchers, and journalists in Shanghai.   The Grassroots Community also work together with 
local district governments on many of green community development projects in recent years. 

 
In addition to these domestic environmental groups in Shanghai, an array of 

international NGOs such as the Wildlife Conservation Society, Roots and Shoots, and the 

                                                 
28 See U.S. Embassy Beijing’s list of environmental NGOs in China (http://www.sepaeic.gov.cn/NGO/index.htm), 
250 Chinese NGOs – Civil Society in the Making published by China Development Brief, and the inventories of 
environmental work in China in the China Environment Series 1-5. 
29 These NGOs do not usually have any close political connection with the government, do not secure sound and 
continuous funding, and are loosely organized based on student and/or community members who lack technical 
expertise. 
30 Similar activities are done in elementary schools and communities by middle school students who run the 
Shanghai Youth Environmental Society. 
31 Yang, Guobin (2003), ‘Weaving a Green Web: The Internet & Environmental Activism in China’, in Turner, 
Jennifer (ed.) (2003), China Environment Series Issue 6, Washington D.C.: Woodrow Wilson Center, p89-92.  
Interview with Shanghai project coordinator of the China Green Student Forum on 20 May 2002. 
32 Recently this group became one of the first Shanghai NGOs to register with the government as a branch of the 
Shanghai YMCA. For more detailed information about this group, see the commentary by Fenshi Wu in China 
Environment Series, Issue 5, 2002. 
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World Wildlife Fund are quietly undertaking projects.33  Since its entry to China in early 1998, 
the Wildlife Conservation Society has implemented various projects related to endangered 
species protection and nature conservation.  Roots & Shoots incorporated a project together 
with the Shanghai Green Union, called ‘Environmental advertisement Design Competition’ in 
2001, targeting students in elementary, middle, high schools, and universities.  The World 
Wildlife Fund established a chat room on the internet, and this facilitated lively and serious 
discussions about environmental concerns in Shanghai.34  While some of these international 
groups use Shanghai as a base for projects outside the city, these organizations are providing 
education to their Shanghainese staff on the potential role of NGOs in environmental 
protection.  

 
It is too early to argue that these environmental NGOs have had a great influence on 

Shanghai water policy. A number of factors—lack of technical specialization, shortage of 
funds, low environmental awareness of the public and difficulties in getting legal 
registration—continue to prevent environmental NGOs in Shanghai and other cities from 
expanding their activities and exerting a greater influence on governmental policies.  Although 
there are now numerous green groups in Shanghai, there are no environmental NGOs that are 
particularly focusing on water.  This is also partly because environmental NGOs lack 
professional expertise and knowledge on water pollution issues.  However, the growing 
increase of interest in environmental protection among students and communities (as well as 
greater requirements of multilateral projects to include public participation in environmental 
projects) will in due course provide a significant platform for Shanghai environmental NGOs 
to have a bigger voice in shaping governmental water policies.  

 
7.  Conclusion 

 
This study has revealed that Shanghai’s water politics is an increasingly complicated 

arena in which different state and (domestic and international) non-state actors endeavor to 
influence water policy.  The most significant contribution of this study is the identification of 
the growing influence that private companies and multilateral organizations have on Shanghai 
water policies, as well as the potential power of environmental NGOs.  All three non-state 
forces will be increasingly important in influencing the direction of the Shanghai’s water 
policy in the future.  Environmental NGOs can draw attention of the public to environmental 
issues, promote awareness among university students and can also encourage citizens to take 
an active part in public consultation in environmental impact assessments.  

 
Private companies, such as Suez, Veolia and the Youlian Consortium, can shift the 

Shanghai government’s policies into more cost-effective and rational ways of water supply and 
pollution control.  However, it is important for the government to recognize that such market-
driven approaches augurs well only if the government provide good business conditions 
through removal of socio-political, legal and financial barriers and red-tapes.  International 
development agencies, such as the World Bank and the Asian Development Bank, will 
continue to encourage the Shanghai government to develop more efficient water pollution 
control policies, management techniques, and financial infrastructure.  

 

                                                 
33 Interview with Shanghai project coordinator in the China Green Student Forum in May 2002 and interview with 
China representative in the Wildlife Conservation Society (WCS) in June 2002. 
34 Wu, Fengshi (2002), ‘Commentary – Shanghai Greenies’, Jennifer Turner (ed.), China Environment Series 
Issue 5, Washington D.C.: Woodrow Wilson Centre, p100. 
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The current relationship between the Shanghai government and environmental NGOs is 
rather blurry. Although most of the activities by Shanghai environmental NGOs are taking 
place in a legal grey area (because many NGOs have not yet succeeded in registering with the 
government), it is unlikely that the Shanghai government will crack down on them. This 
freedom to operate is due to the fact environmental NGOs frequently fill the gaps that 
environmental bureaus cannot reach—especially the need to increase environmental education 
among the public. 

 
The discussions here highlight the growing diversity of policy actors in Shanghai water 

politics and thereby challenge the conventional perception of Chinese local government 
dominance in policy design and implementation.  Instead of being the dominant player in 
setting water policies and programmes, the Shanghai government will be challenged to achieve 
economic and environmental sustainability through cooperation and bargaining with new 
actors.  The government has to respond to an urgent call of identifying itself as ‘service 
regulator’ rather than ‘service provider’, and the role of service provider is now gradually 
taken by private companies in Shanghai.  It is noteworthy that voices from the public, 
environmental NGOs and other social organisations have become bigger in environmental 
protection.  Although the Chinese government has discouraged the masses from taking an 
active part in environmental issues until recently, it is the Shanghai environmental bureaus that 
become aware of the need for public support to prioritise environmental projects over pro-
growth policies.  The high degree of environmental awareness resulting from environmental 
programmes will benefit local environmental NGOs as well as environmental agencies.  The 
evolution in the Shanghai water sector from the state-society duality to the multi-faceted 
dimensions populated by diverse social actors has already begun.  This unprecedented 
transformation in water policy making in Shanghai will be expected to generate an outcome of 
formulating a new ‘Shanghai model’ in water policy reflecting different voices from society. 
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Abstract 
 

  Supply of fresh and clean drinking water is a basic need for all human beings 
the Earth, yet it has been observed that millions of people worldwide are deprived of this 
service. An estimated 668 million people in Asia and the Pacific still 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. 

In the Millennium Declaration 2000, Governments across the world pledged to 
“reduce by half of the proportion of people without sustainable access to safe drinking 
water” by 2015. The Johannesburg Plan of Implementation (JPOI) of the World Summit on 
Sustainable Development in September 2002 called for the 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 that 100,000 people each day for the next 15 years. This 
represents a highly significant challenge. Despite some notable achievements, the Asia and 
Pacific region, as well as some individual countries, have not, so far, done too well in 
making significant progress towards achieving water-related MDG and JPOI goals. 

The contamination of soil, groundwater and surface water by heavy 
metals/metalloids has become a major environmental and public health hazard and a major 
constraint to sustainable development in many countries of Asia and the Pacific. Many 
rivers, lakes and groundwater resources are becoming increasingly polluted. The main 
source of freshwater pollution can be attributed to discharge of untreated waste, dumping of 
industrial effluent, mineral mining, and run-off from agricultural fields. Industrial growth, 
urbanization and the increasing use of synthetic organic substances have serious and 
adverse impacts on freshwater bodies. It is a generally accepted fact that the developing 
countries of East and South-East Asia are facing problems of agriculture run-off into water 
sources, toxic chemical discharges from industries polluting drinking water, which leads to 
water-borne diseases and affects the human health. The levels of suspended solids in Asian 
rivers have risen by a factor of four over the last three decades. 

Millions of people worldwide are consuming water from groundwater sources that 
contain arsenic above safe levels. Long-term exposure to such poisoned water can lead to 
serious health problems, collectively called arsenicosis, which include skin lesions, skin 
cancers, internal cancers affecting the bladder, kidney and lungs, and hypertension. The 
total exposed population in various parts of world is estimated at approximately 100 million, 
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which makes it a disaster of global dimensions. The research on arsenic contamination of 
groundwater in the region during the last decade confirmed its existence in the groundwater 
resources of Bangladesh, Cambodia, China, the Islamic Republic of Iran, Lao PDR, 
Myanmar, Nepal, Pakistan, Thailand, Viet Nam and the West Bengal Province of India. 

Bangladesh, Nepal and the West Bengal Province of India are believed to be among 
the most affected areas in Asia. The severity and dimensions of the arsenic crisis in Asia, 
however, are only now becoming fully understood. Conservative estimates put the total 
number of people drinking arsenic-contaminated water from 60 to 75 million in the Asia 
region. 

Overall, arsenic contamination of the groundwater threatens at least 20 million 
people in the East and South-East Asia region. Arsenic contamination is a complex problem, 
involving both technological and policy challenges, and its solution requires clear thinking 
and a comprehensive strategic response. A number of critical technological, institutional 
and policy-related problems are still to be overcome. There exists an urgent necessity for 
much stronger regional cooperation of such international Organisations as UNESCAP, 
UNICEF, WHO etc., local NGOs, governments and other relevant stakeholders. It appears 
the current situation is such that only the urgent measures will prevent a crisis situation in 
the East and South-East Asia to occur on the scale of the current calamity in Bangladesh. 

The paper overviews status quo of the problem in the light of the past and future 
human risk dynamics in the East and South-East Asian region and puts forward 
recommendations for proper mitigation measures. 

 
1. Introduction 

 
Groundwater is the major potable drinking water source in rural and urban areas as well 

for agricultural and industrial sectors in the region. The situation is aggravated by widely 
spread organic and inorganic waste contamination of surface and ground water due to improper 
waste management and ensuing organic and inorganic pollution. During the past two decades, 
the ground water level in several parts of the region is decreasing due to increase in extraction 
of the groundwater for industrial activities and irrigation of food and cash crop. Also, the 
increasing number of population and changing their lifestyles has increased the domestic 
demand of water. As a result, the aquifers get polluted due to excessive water extraction 
without proper recharge and leaching of organic and inorganic pollutants such as pesticides, 
fertilizers, toxic industrial effluent and urban sewage. Freshwater crisis is already evident in 
several parts of the region, namely Viet Nam, Thailand, Cambodia and other countries varying 
in different scale and intensity.  

It is obvious from the surveys undertaken by UNICEF, WHO and other organizations 
that the quality of groundwater is not reliable in the region, particularly in Cambodia, where 
groundwater contains soluble iron in high concentration. It is tentatively and very 
conservatively estimated that in Cambodia a combined population of up to 30,080 people are 
exposed to As-contaminated groundwater. 

According to existing tentative data originating from surveys by UNICEF and local 
organizations in Lao PDR and Myanmar, the majority of the recently (2003) taken samples 
were found to contain As in concentration less than 10 µg/L, testifying to the relatively safe 
situation in these countries. However, few samples contained As in the range of 10-50 µg/L 
and even fewer numbers of samples contained dangerous As concentration more than 50 µg/L. 
Though it is important to note that more ambitious surveys are necessary to provide definitive 
information on the safety of local groundwater. 

Very limited information exists for Thailand where As-related contamination is 
potentially highly possible, though probably very localized. In China, the use of coal is 
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considered as the main cause of arsenic contamination. Since its initial discovery in 1983, the 
total population exposed to endemic As-related disease arsenism has reached over 2,000,000. 
Studies have found that over 96 per cent of well groundwater in the Inner Mongolia exceeded 
the Chinese national standard of arsenic. However, in Viet Nam more than 11 million people 
are conservatively estimated to be at risk due to exposure to As-contaminated water, which is 
300 times greater than the WHO drinking water standard. 

Arsenic is a relatively scarce element in the Earth's crust. Continuous widespread 
monitoring and calamity raised its degree of importance and brought it up to 20th position. 
Arsenic is a ubiquitous element present in the various compounds throughout the Earth's crust. 
It is widely distributed in the environment; all humans are exposed to low levels of arsenic. 
However, high level of arsenic exposure to human being has seen for decades mainly via 
drinking water. Among its four valence states 0, -3, +3, +5, arsenic (+3) is known as the most 
toxic one (WHO, 1981). EPA has listed arsenic as a known human carcinogen (Group A). 
Arsenism is the outcome of long-term ingestion of arsenic from water, food, air or medicinal 
applications. It has such manifestations as cutaneous lesion (skin pigmentation changes, 
keratosis), and peripheral vascular disease (Blackfoot disease and Roynaud's syndrome). 
Higher mortality leads to cancer of liver, lung, kidney and bladder (Williams et al., 1998).  

WHO has recommended the guideline for arsenic contamination as 10 µg/L (WHO, 
1996). However, the guideline is not a binding limit; depending on the physical, social, 
economic and cultural conditions each country fixed its national standard. Originally, most of 
the Asian and some European countries and USA have set guideline as 50 µg/L. However in 
2002, the USA and some European countries have lowered the arsenic limit for drinking water 
from 50 µg/L to 10 µg/L on the basis of a strong clinical findings and recommendation of an 
independent panel of medical experts (Shrestha et al., 2004). Arsenic contamination problem is 
reported in many parts of the world such as Cambodia (Seing, 2004), United States, Canada, 
Mexico, Chile, Japan, Hungary (Shresta et al., 2004; Williams et al., 1996; Chilton and 
Kinniburgh, 2003), India (Chada, 2000), Thailand (Paijitprapapon, 2003), Australia (Barry et 
al., 2002), Bangladesh (Biswas et al., 1998; BGS and DPHE, 2001), China and Mongolia 
(Dengding; Guo et al., 2003; Guo, 2000). Conservative estimates put the total number of 
people drinking arsenic contaminated water at over 65 million in the Asian region, of which at 
least 20 million live in South-East Asia. 

Presence of arsenic in groundwater was not considered a concern before the 1990s; 
since then the awareness regarding the issue and understanding of the significance of the crisis 
has risen significantly. In order of severity of occurrence of arsenicosis, the most affected 
regions range from Bangladesh, West Bengal, India and Nepal to the Inner Mongolia, Xin-
Xiang and Taiwan Provinces of China. Alarmingly, in recent years, new arsenic groundwater 
contamination incidents were reported from other Asian countries including new sites in 
China, Lao PDR, Cambodia, Myanmar and Pakistan. It is evident that arsenic poisoning is one 
of the most urgent concerns facing the world today. WHO declared in 2001 that groundwater 
contamination in the Bengal delta is the potentially largest environmental catastrophe in 
modern history, exceeding even that of the Chernobyl catastrophe (Shresta et al., 2004).  

Numerous articles in international peer reviewed journals and reports by national 
agencies have also identified PTEs (Potentially Toxic Elements) contamination of soil and 
agricultural produce resulting from the agricultural use of water contaminated with discharge 
of non-ferrous mining and ore processing activities, particulates deposition in areas adjacent to 
non-ferrous smelters and the agricultural use of untreated urban/industrial wastewater. In 
addition, several reports have identified the long-term use of phosphate fertilizers and 
agricultural bio-solids as a source of heavy metals contamination. Selenium deficiency and 
toxicity are considered to be significant public health problems in several provinces of China. 
Mercury contaminations of surface water, soils and crops and associated public health risks 
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have also been reported as a result of primarily of coal combustion, non-ferrous ore mining and 
processing and industrial processes. Cadmium contamination of agricultural soils from both 
natural and anthropogenic sources and confirmed potential public health risks has been 
identified in China, Thailand and Viet Nam (Simmons, 2004).  

Fluoride-bearing minerals are abundance in the region. As a result of the rich mineral 
content, fluoride leaches out and contaminates the water and soil. In addition, groundwater 
extraction has been causing higher concentrations of fluoride in many areas of the region 
(World Water Forum, 2003). Fluoride content of more than 1.5 mg/L in water causes ill effects 
to human health such as fluorosis, osteoporosis, arthritis, hip fractures, cancer, infertility, 
thyroid disorder, brain damage, alzheimers disease, polydypsia etc. Fluorosis particularly has 
no cure in medical science (Rao, 2004). 

The present work of the UNESCAP endeavours to raise the international awareness of 
the issue related to ground and surface water contamination, particularly in East and South-
East Asia where the problem shows early signs of a potential calamity. A number of critical 
technological, institutional and policy-related problems are still to be overcome. A need for 
strong coordination of global and regional efforts is emphasized. The paper suggests some 
recommendation for proper mitigation measures in order to prevent a crisis situation in South-
East Asia occurring on the scale of the current calamity in Bangladesh. 

 
2. Mechanisms of Contamination of Groundwater With Heavy Metals, 

Arsenic and Fluoride 
 

2.1 Heavy metals 
 
           The term “heavy metals” refers to any metallic chemical element that has a specific 
gravity at least 5 times the specific gravity of water and is toxic or poisonous at very low 
concentrations. Heavy metals are natural components of the Earth's crust and cannot be 
degraded or destroyed. As trace elements, some heavy metals such as copper, selenium, zinc 
and others are essential to maintain the metabolism of the human body. However, higher 
concentrations of these elements can lead to poisoning. Heavy metals poisoning could result, 
for instance, from drinking water contamination, high ambient air concentrations near emission 
sources, or intake via food chain. Heavy metals can enter into the water supply by industrial 
and municipal waste and releasing of the heavy metals into streams, lakes, rivers, and 
groundwater (Lenntech, 2004). 

 
2.1.1 Effects of heavy metals on environment 

 
2.1.1.1 Cadmium 

 
Naturally, cadmium is released into the rivers through weathering of rocks, forest fires 

and volcanoes while human activities contributing to cadmium pollution are manufacturing of 
zinc production, phosphate ore implication, household waste combustion and burning of fossil 
fuels (Lenntech, 2004). 

 
2.1.1.2 Chromium 

 
           There are several different states of chromium that differ in their effects upon 

organisms. Chromium enters into the air, water and soil in chromium (III) and chromium (VI) 
state through natural processes and human activities. The main human activities that increase 
the concentrations of chromium (III) are steel, leather and textile manufacturing while for 
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chromium (VI) is chemical, leather, textile manufacturing and electroplating. These industries 
mainly increase the concentrations of chromium in water. Coal combustion and waste disposal 
burning are other sources of chromium contamination in the air, soil and water. Large amount 
of chromium in water and soil become immobile while small part of chromium that ends up in 
water will eventually dissolve. Chromium (VI) is mainly toxic to organisms, can alter genetic 
materials and cause cancer. Crops uptake of chromium from the soil leads to harmful effects. 
Acidification of soil can also influence chromium uptake by crops (Lenntech, 2004). 

 
2.1.1.3 Copper 

 
Copper enters into the air, mainly through release during the combustion of fossil fuels 

and remains there for an eminent period of time till rain starts and helps to settle it into the soil. 
It can be released into the environment by both natural sources such as wind-blown dust, 
decaying vegetation, forest fires and sea spray and human activities such as mining, metal 
production, wood production, phosphate fertilizer production, landfills and waste disposals. 
When copper ends up in soil it strongly attaches to organic matter and minerals and become 
immobile and hardly enter into the groundwater. In surface water copper travels great 
distances, either suspended on sludge particles or as free ions (Lenntech, 2004). 

 
2.1.1.4 Lead 

 
[Lead occurs naturally in the environment. However, most lead concentrations that are 

found in the environment are due to human activities such as application of lead in gasoline as 
unnatural lead-cycle. When car engine starts, lead is burned and results in origination of lead 
salts such as chlorines, bromines, and oxides. These lead salts enter into the environment 
through the exhausts of cars. The larger particles settle into the ground immediately and pollute 
soils or surface waters. The smaller particles travel long distances through air and remain in the 
atmosphere. Part of this lead will settle in soil when it is raining. This lead-cycle caused by 
human production is much more extended than the natural lead-cycle. Not only leaded gasoline 
causes lead concentrations in the environment but also other human activities, such as fuel 
combustion, industrial processes and solid waste combustion contribute. Lead accumulates in 
the bodies of water organisms and soil organisms, and affects entire food chain (Lenntech, 
2004). 

 
2.1.1.5 Mercury 

 
Mercury is a metal that occurs naturally in the environment. It enters into the 

environment as a result of normal breakdown of minerals in rocks and soil through weathering 
agencies such as wind and water. The mercury released into the air through human activities 
such as fossil fuel combustion, mining, smelting, solid waste combustion, agricultural 
fertilizers and industrial wastewater disposal. All mercury that is released in the environment 
will eventually ends up in soils or surface waters. Acidic surface waters contain significant 
amounts of mercury. When pH value is between five and seven, the mercury concentrations in 
the water will increase due to easy mobilization of mercury in the ground. Fish absorbs great 
amounts of mercury from surface waters every day and affects entire food chain (Lenntech, 
2004). 

 
2.1.1.6 Nickel 
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Nickel is released into the air by power plants and trash incinerators. It will then settle 
to the ground after reactions with raindrops, which usually take long time. Nickel can also ends 
up into the surface water when it is a part of wastewater streams. The larger part of all nickel 
compounds that are released to the environment are adsorbed by sediment or soil particles and 
become immobile. In acidic ground conditions, nickel is bound and become more mobile and 
percolate into the groundwater. Nickel is not known to accumulate in plants or animals 
(Lenntech, 2004). 

 
2.1.1.7 Zinc 

 
Zinc occurs naturally in air, water and soil, but zinc concentrations are rising 

unnaturally through industrial, mining, coal activities, waste combustion and steel processing. 
Water gets polluted with zinc once industrial plants discharged wastewater into the rivers and 
lakes. Zinc may also increase the acidity of waters. Some fish can accumulate zinc in their 
bodies, when they live in zinc-contaminated water and affect the food chain (Lenntech, 2004). 

 
2.2 Arsenic 

 
2.2.1 Biogeochemical mechanisms of arsenic contamination of surface and groundwater 

 
 Arsenic is a naturally occurring metalloid element, ranking twentieth in abundance in 

the Earth’s crust, fourteenth in seawater and twelfth in the human body. In nature, arsenic can 
be found in groundwater that has flown through arsenic-rich rocks and as emitted into the 
atmosphere by high-temperature processes such as coal-fired power generation plants, burning 
vegetation and volcanic action. Natural factors facilitating introduction of arsenic into surface 
water are related to geomorphology, tectonic activities and chemical components of water-
bearing formations (Tong, 2002; Htay, 2004; Fengthong, 2004).  

Arsenic is a transitional reactive element that forms chemical and organic complexes 
together with other metals (most commonly with iron), carbon, sulfur, and oxygen.Dominant 
natural arsenic bearing rocks include realgar (AsS), orpiment (As2S3), lollingite (FeAs2), and 
arsenopyrite (FeAsS), which is the most common arsenic ore mineral. Arsenic concentrations 
are generally low in igneous rocks and higher in metamorphic and some sedimentary rocks. 
Pelitic (slates and phyllites) and argillaceous (black shales, coals) have among the highest 
average values of arsenic, and are not uncommon rocks in the Himalayas Mountains. 
Concentrations of arsenic in unconsolidated sediments are similar to those found in rocks, with 
higher concentrations generally found in muds and clays. Soils which, are composed of the 
weathering products of rocks, contain an average value of 4-6 mg/kg of arsenic. Arsenate [As 
(V)], the oxidized form of arsenic, is common in soils that are situated above the water table, 
while arsenite [As (III)] is generally found in the soil and sediments below the water table 
where groundwater is in a reduced state. Arsenic can contaminate groundwater both naturally 
and artificially. When arsenic minerals break down by weathering, they get oxidize, which can 
release arsenic into water. This is the release mechanism originally proposed for West Bengal. 
However, most of the arsenic contamination in Bengal is found below the water table under 
reduced conditions (Figure 2.1). 
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Source: British Geological Survey, 2001 

 
Figure 2.1. Schematic diagram showing process of high arsenic groundwater contamination. 

 
Therefore, a different release mechanism was proposed to explain the high 

concentrations of arsenic in the shallow aquifers on the delta. Arsenic is assumed to be released 
into groundwater when iron oxides find themselves under reduced conditions. Anaerobic 
bacteria may mediate this process. It is believed that this process is enhanced by the presence 
of organic matter, such as peat, which is found in young, shallow sediments (Shrestha et al., 
2004). 

 
2.2.2 Anthropogenic activities leading to arsenic contamination 

 
Arsenic can also be released into the environment through human activities such as 

mining activities, especially coal mining, industrial effluents that contain arsenic, sewage, 
pesticides, herbicides and fertilizers that contain arsenic and potassium (Tong, 2002; Htay, 
2004; Fengthong, 2004). The impact of agricultural activities is yet to be evaluated, however, it 
is known that arsenic was found in edible vegetables and rice in Bangladesh. 
 

 
Figure 2.2. Simplified diagram of cyclic transfer of arsenic. 
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At present time, there is no consensus on exact geo-chemical processes responsible for 

the As contamination of shallow aquifers. It may be different from that occurring in the 
Ganges-Brahmaputra Basin. Figure 2.2 shows, how arsenic is transferred from one stage to 
another stage in the environment. 

 
2.3 Fluoride 

 
Fluoride is a fairly common element and highly reactive that does not occur in the 

elemental state in nature. It exists in the Earth's crust in the form of number of fluorides 
minerals such as fluorspar, cryolite, and fluorapatite. Fluoride is known to contaminate 
groundwater reserves globally. Sporadic incidence of high fluoride content in groundwater has 
been reported from India, China, Sri Lanka, West Indies, Spain, Holland, Italy, Mexico, and 
North and South American countries (Latha et al., 1998). 

 
2.3.1 Sources and mechanisms of fluoride contamination in groundwater 

 
Abnormal level of fluoride in water is common in fractured hard rock zone with 

pegmatite veins. The veins are composed of minerals such as topaz, fluorite, fluor-apatite, 
villuamite, cryolite and fluoride-replaceable hydroxyl ions in ferromagnesium silicates. 
Fluoride ions from these minerals leach into the groundwater and contribute to high fluoride 
concentrations. Occasionally, mica group of minerals such as muscovite and biotite also 
contribute to water fluoride content. Fluorospar occurs in structurally weak planes such as 
shear fracture zones, joints and at the contact of host rock and vein quartz. Rock minerals 
weathered form calcium and magnesium carbonates, which serve as good sinks for fluoride 
ions (Jacks, 1980). However, it is the leachable state of fluoride ions that determines the water 
fluoride levels. The leachability is governed by pH of the draining solutions and dissolved 
carbon dioxide in the soil (USEPA, 2004). Fluoride in water is common in groundwater 
sources. Minerals containing fluoride compounds slowly dissolve in underground waterways 
and make their way into well water. Fluoride is artificially released into the ecosystem through 
aluminum smelters, phosphate processing, coal combustion and manufacturing of steel, bricks 
and glass products (Rao et al., 2004). 

 
3. Overview of AS-Related Problems in East and South-East Asian Countries 

 
3.1 Magnitude of the arsenic contamination problem in Asia 

 
Naturally occurring and anthropogenically-induced arsenic (As) pollution of drinking 

(potable) water has been discovered in such economically diverse countries as India, 
Cambodia, USA and Japan (Tsuda et al., 1995) amongst many others just naming only few 
(Table 3.1). It is now being recognized that dealing with arsenic contamination in groundwater 
is a problem of global dimensions. It has been conservatively estimated that at over 100 million 
worldwide are threatened by the contamination of their water supply by arsenic of which over 
65 million are affected in the Asian region, including at least 20 million live in South-East 
Asia. 
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Table 3.1. Conservative estimates for the Asian population affected by the arsenic 
contamination of drinking water 

 
Country Numbers Affected 
Bangladesh                                                 35,000,000 
Cambodia                                                        30,000 
China                                                   2,200,000 
India                                                   6,000,000 
Islamic Republic of Iran                                                        10,000 
Myanmar                                                   5,000,000 
Nepal 500,000-12,000,000
Thailand  1,000
Viet Nam  11,000,000
Total (conservative)  59,741,00 - 65,241,000

 
                 Presence of arsenic in groundwater was not considered a concern before the 

1990s: since then the awareness regarding the issue and understanding of the significance of 
the crisis has risen significantly. Although arsenic cannot be smelled, tasted or seen in 
contaminated food or water, long-term exposure to poisoned water can lead to serious health 
consequences, collectively called arsenicosis, symptoms of which include skin lesions, skin 
cancer, internal cancer affecting bladder, kidney and lungs, hypertension, heart disease and 
diabetes, and ultimately death. 

 
In order of severity of occurrence of arsenicosis the most affected regions range from 

Bangladesh, West Bengal, India, Nepal to the Inner Mongolia, Xin- Xiang and Taiwan 
Provinces of China. Alarmingly in recent years, new arsenic groundwater contamination 
incidents were reported from other Asian countries including new sites in China, Lao PDR, 
Cambodia, Myanmar and Pakistan (Shresta et al., 2004). The overview of arsenic-related 
problems in South-East Asian countries is discussed below. 

 
3.1.1 Cambodia 

 
            Cambodia is located in South-East Asia between latitudes 10° and 15° N. and 

longitudes 102° and 108° E. The country covers an area of 181,035 km². Cambodia is bordered 
by Viet Nam in the east and South-East, the Lao PDR in the north and by Thailand in the north 
and northwest. To the southwest, the country has a seacoast on the Gulf of Thailand. Cambodia 
is divided administratively into 20 provinces and 4 municipalities. 

             According to the 1998 census, Cambodia had a total population of 11.4 million, 
of which more than 81 per cent live in the rural areas. In Cambodia, both surface water and 
groundwater are used for drinking water. The Mekong River and the Tonle Sap Lake are the 
predominant sources of surface water, with the Mekong serving the east and the Great Lake 
serving the more westerly populations. Water pollution is not yet a significant problem. 
Pathogens are commonly found in surface water; however, the arsenic has recently been 
detected in five provinces where concentration is exceeding WHO standard. 

In August 2000, the Ministry of Rural Development (MRD) and the Ministry of 
Industry, Mines and Energy (MIME) completed a nation-wide survey in thirteen provinces in 
both rural and urban areas. Chemical qualities as well bacteriological tests were analyzed with 
technical and financial support from WHO. The survey reported that, the chemical quality of 
most urban and rural drinking water sources were generally good. No pesticides were detected 
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in any of the samples. Nitrites and nitrates were detected above the safe limits in several 
locations. Contaminants such as barium, chromium, fluoride, lead, manganese, molybdenum, 
and selenium were found little more than the general trend.  

On the other hand, iron and other aesthetic concerns like hardness were found 
vigorously. Overall the quality of groundwater in Cambodia is generally good, but high iron 
contents and increasing salinity levels have been found in Svay Rieng and Prey Veng 
Provinces. Also, water sampling in 4 provinces in Northwestern and Southern Cambodia 
showed high level of iron, TDS and fluoride values in groundwater especially in Bantey 
Meanchey province. While many shallow wells are contaminated by fecal-Coliforms such as 
all water samples in Battambang failed to meet WHO water quality guidelines (Pin and Peng, 
2004).  

Test results of As and different heavy metals are shown in Figure 3.1. Raingsey (2004) 
reported the results of a national field and laboratory-based groundwater sampling programme. 
The programme investigated 5,000 groundwater samples and linked the analyses with the 
studies conducted by UNICEF, JICA and WHO. The most significant finding of the survey 
was that high As contamination in groundwater and surface water is due to naturally occurring 
arsenic and artisanal gold mining especially in Kampong province where As concentration in 
the Antap river was recorded as 250 µg/L. It was estimated that a combined population of up to 
30,080 people was exposed to contaminated groundwater (Table 3.2). 

 

 
 

Fig. 3.1. Concentration of arsenic-related heavy metals contamination in Cambodia. 
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Table 3.2. Groundwater As concentrations in Cambodia in relation to well type. 
 

 
 

3.1.2 Myanmar 
 

Myanmar is geographically located between N 9º 58´ to 28º 31´ and E 92º 9´ to 101º 
10´ with a total land area of 676,577 square kilometers, sharing border with Bangladesh, India, 
China, Lao PDR and Thailand. Myanmar is the largest country in the South-East Asian 
mainland. It extends for 2,090 kilometers from north to south and 925 Km fromeast to west as 
its widest point. There are four major river systems, the Ayeyarwady (2,170 km), which flows 
through the country from north to south, passes through heavily populated areas, providing 
potential surface water sources for both drinking and irrigation water supply schemes; the 
Chindwin (960 km); the Thanlwin (1,100 km within Myanmar territory) and the Sittaung (320 
km) in Myanmar. Groundwater potential largely depend on the hydrogeological condition of 
the area and constitute the principal sources of domestic water supply in Myanmar. Deep tube 
wells are practiced in the delta, coastal, northern and eastern hilly regions. Large numbers of 
shallow surface wells are widespread except in Hilly regions (Htay, 2004; Aye, 2003).  

Series of UNICEF-sponsored water quality tests, both at central level and 
state/divisional level, were conducted for partner agencies. The incidence of arsenic 
contamination in groundwater was observed in 1999 when water supply agencies monitored 
the water quality in Thabaung, Layhmyethnar and Hinthada townships of Ayeyarwady division 
of Myanmar. UNICEF, in collaboration with its partner agencies, initiated Water Quality 
Monitoring and Surveillance Programme with arsenic as inclusive parameter. In order to 
differentiate various arsenic concentration, four grade system was used (Table 3.3): Grade A 
indicating that concentration of different parameters is within allowable limits, and Grades B, 
C and D indicating that it is above the limits in ascending order of severity (Htay, 2004).  

It was concluded that currently only a small number of water sources are affected. 
However, maximum As concentrations of arsenic indicated that the area is potentially rich in 
arsenic and therefore cannot be considered safe. Similar cases in other, highly affected 
countries such as Nepal and Bangladesh, showed that in future the degree of severity of 
contamination is likely to increase due to similar geological conditions of the area of Myanmar 
bordering Bangladesh. 
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Table 3.3. Test results of arsenic contamination in different states/divisions of Myanmar 
 

 
 

3.1.3 China 
 
In China, use of coal as a fuel is considered to be the main reason of arsenic 

contamination. Besides, news of fluoride contamination was also reported in the country. Since 
its initial discovery in 1983, the total population exposed to endemic arsenism has reached over 
2,000,000 and there have been over 20,000 diagnosed patients. Further, it is estimated that 
between 70,000 and 20,000 people of six counties are at risk of arsenic contamination via the 
use of arsenic coal in poorly or non-ventilated open-pit stoves. This type of arsenic exposure 
often manifests itself in severe skin ulceration leading to cancer.  

Studies organized by the Asia Arsenic Network (AAN) in 1996 have found that over 96 
per cent of well water on the Hetao Plain of Inner Mongolia exceeds the Chinese national 
standard for arsenic of 50 µg/L, most contaminated wells having 108  µg/L. Since its first 
discovery in Xin Jiang province in 1989, arsenic has been discovered in Chifeng, 
Bayanzhouermeng and Huhot districts of Inner Mongolia Autonomous region with patients 
totaling 1774. In 1991, six cities and counties of Guizhou province were affected by the usage 
of arsenic-rich coal in open-pit or unventilated stoves. In 1994, arsenic was discovered in the 
Dotong Basin of Shanxi province, with the epidemic area being over 900 square kilometers 
and potentially exposing a population of up to 1,000,000 (Arsenic:country to country, Guo et 
al, 2003; Guo, 2002) 

 
3.1.4 Lao PDR 

 
The Lao People's Democratic Republic is a land-locked country covering an area of 

236 800 km². The country shares its borders with the Socialist Republic of Viet Nam, 
Thailand, Cambodia, People's Republic of China and Myanmar.There are 16 provinces, one 
municipality and one special region, 142 districts, and 10,912 villages. Lao PDR has a 
population of 5.3 million. The urban population constitutes 20 per cent of the total population. 
About 55 per cent of the total population has access to safe water, and 40 per cent to proper 
sanitation facilities. Diarrhea, cholera, hepatitis and intestinal parasites are all listed as 
important communicable diseases. Most of these diseases are transmitted by the faecooral 
route and are, consequently linked to poor sanitation and water quality, poor hygienic practice 
and to inadequate available quantities of water (Fengthong, 2004; Chanthanet, 2001; 
Chanthanet, 2003; Fengthong et al., 2002).  

UNICEF and the Ministry of Health conducted a groundwater quality monitoring 
survey in 49 districts of 7 different provinces in 2002-2003 (Table 3.5) especially in the 
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southern provinces where gold mining activities elevated arsenic levels in drinking water 
wells. The survey focused on As contamination and resulted in a conclusion that more than 
78.4 per cent of samples were found to have As presence in contaminations less than 10µg/L, 
while 20.9 per cent samples contained As in the range of 10-50 µg/L and only 0.7 per cent of 
samples contained As above 50 µg/L (Fengthong, 2004). The survey indicated that although 
most of wells appear to be safe, they should be constantly monitored and caution must be 
exercised in future since wells under similar conditions developed into highly contaminated 
due to various geological and biological conditions in Bangladesh leading to significant 
casualties over a period of several years. Hence, possible alternatives should be considered 
(deep aquifer water withdrawal, etc).  

 
Table 3.4.   Highest levels arsenic-related contamination of the drinking water in seven 
provinces of the Lao PDR. 

 
 

3.1.5 Viet Nam 
 
Facing the severity of potential arsenic effects on human health in Viet Nam, the 

authorities conducted extensive survey of the arsenic concentration in groundwater in seven 
provinces of the Red River delta plain, shown in Table 3.5, in which arsenic as well other trace 
elements were analyzed (Tong, 2002). It was concluded that 26.6 per cent of the samples 
contained arsenic in concentrations exceeding 50µg/L. It appears that a high arsenic 
concentration which was found in the southern part of Hanoi and Ha Tay area is due to the 
minerals of the Quaternary sediments in area naturally containing As, as shown in Figure 3.2 
while higher manganese contamination were also found in parts of Hanoi such as Tu Liem, 
Thanh Tri, Gia Lam, Vinh Phuc, Bac Ninh, Hung Yen, Nam Dinh, Thai Binh and Hung Yen. 
The report also observed that higher Fe contamination was reported from Hanoi and other plain 
areas such as Thai Binh. Lastly, the areas containing high degree of Hg -contamination are Bac 
Ninh area and Ni-contamination in the  Vinh Phuc, Bac Ninh, Ha Noi and Nam Dinh areas 
(Table 3.5). The situation is further aggravated by the extensive groundwater abstraction. 

Research indicates that the cone of depression declines by 0.4 meters per year. Thereby 
domestic wastewater and toxic industrial pollution leaches into the groundwater and changes 
hydrochemical environment as well as causing land subsidence in the Phap Van wellfield south 
of the Hanoi city. As mitigation measure to reduce the land subsidence, it is being planned to 
supplement the drinking water supply by taking and treating surface water from the Red River.  

Arsenic also occurs naturally in areas enriched with sulfide minerals and gold as well as 
in areas of volcanic activities where the main As-liberating mechanism is the weathering. The 
main areas for such As-contamination are the 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 areas. 
Arsenic concentration in gold ore in the basalts of the Vien-Nam formation in the Doi Bu (Hoa 
Binh) area is 50-204 mg/kg. In sandstone the Red River Delta plain, the industries discharge 
wastes containing As which increases groundwater concentration up to the maximum value of 
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320 µg/L. Furthermore, in the  Thuong Dinh industrial zone (Hanoi) As in wastewater was 
found to be 145-346 µg/L. 

 
 

 
           
 

         Figure 3.2. Arsenic groundwater contamination in Hanoi City 
 
 

Table 3.5. Concentration of metals in different areas of Viet Nam 
(LV stands for Limitation Value set by the Ministry of Health) 

 

 
 

 
3.1.6 Thailand 

 
Thailand is bordered on the north by the Lao PDR, on the east by the Lao PDR and 

Cambodia, on the south by the Gulf of Thailand and Malaysia and on the west by Myanmar 
and the Andaman Sea. The total land area is about 512, 00 km². The country main economical 
sources are agriculture and industries. Unlike most other countries of the Asian region, the 
arsenic contamination problem in Thailand stems mainly from poor industrial practices and 
related waste disposal. Some of the worst affected areas are historical tin mining zones. 
Although the number of estimated victims is relatively small compared to the rest of the Asian 
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region (roughly 1,000), the case of Thailand further reinforces the widespread and varying 
severity of the arsenic crisis both on the Asian continent and worldwide (Shresta et al., 20004; 
Paijitprapapon, 2003). 

In Thailand, heavy metal/metalloid documented contamination problems are primarily 
such as chronic As-poisoning in Ron Phibun District, Nakon Si Thammarat Province, chronic 
Pb-poisoning in Tong Phapum District, Kanchanaburi Province and Cd-contamination of soils 
and crops in Tambon Phatat Padaeng, Mae Sot District, Tak Province (Simmons, 2004). 
Chronic human arsenism in Ron Phibun District, Nakon Si Thammarat Province was identified 
in 1987 by the Thai Ministry of Public Health (Timpatanapong et al., 1987).  

In 1988, a Thai Ministry of Public Health survey documented over 1,000 cases of As-
induced skin disorders. In addition, concentrations of As in hair and fingernails were found to 
be elevated in 80 per cent of the school age population (Williams et al., 1998, Choprapawon 
and Ajjimangkul, 1999). In addition, Foy et al., (1992-1993) reported manifestations of 
palmoplantar keratoderma, hyper-pigmentation and two cases of Bowen carcinoma. Children 
with typical palmoplantar keratoderma were identified, the youngest being 4 years old. Foy et 
al., (1992-1993) reported As levels in shallow wells ranging from 20 to 2,700 µg/L with piped 
water having an As-concentration of 70 µg/L. A follow-up study of 2,400 school kids in 1992 
indicated that 89 per cent of the study group had excess blood As concentrations with a 22 per 
cent incidence of arsenical skin manifestations (Williams et al., 1998).  

In 2000, Siripitaykunkit investigated chronic arsenism in Ron Phibun District and 
indicated that 24 per cent of the population studied exhibited symptoms of arsenism. In a 
follow up studies conducted between 2000-2002 Pavittranon et al., (2003) reported a 
prevalence of melanosis and hyperkeratosis of 5.99 per cent and 8.67 per cent, respectively. 

The source of the As-contamination was identified as leachate from As-rich mining and 
processing waste piles in the upper Hai Ron Na river, coupled with the naturally high 
abundance of disseminated arsenopyrite in the alluvial deposits of the mid and lower 25 
catchment. Consequently, As-concentrations in the shallow interstitial groundwater ranged 
from 100 to 5,100 µg/L (Williams et al., 1998). Fordyce et al., (1994) demonstrated a 
statistical correlation between the As- concentration of the shallow well water at individual 
households and the body As- burdens of residents. Further, Williams et al., (1996) 
demonstrated that As is present almost exclusively as the As(V) oxyanion, H2AsO4.  

This is significant with respect to risk assessment as H2AsO4 is significantly less toxic 
to humans than the arsenite oxyanion, H2AsO3 (Abernathy, 1993, Williams et al., 1998). In 
addition, Williams et al., (1998) suggested that the ingestion of As-contaminated soil via the 
consumption of inadequately washed vegetables or as a result of Pica (direct ingestion of soil) 
in children may also be a significant exposure pathway that should not be ignored. Hazard 
mitigation programs initiated by the Thai Department of Mineral Resources (DMR) focused on 
the provision of an alternative ‘safe’ water supply. 
 

4. Key Challenges and Proposed Mitigation Measures 
 

4.1 Technology – related problems 
 
There are three broad areas where technological challenges must be effectively dealt 

with in order to overcome the on-going arsenic crisis. Firstly, the research must help us better 
understand the full magnitude of the problem and its causes. Significant scientific uncertainty 
remains as to how arsenic is mobilized and how widespread this problem is in the East and 
South East Asia.  

Secondly, the existing technologies for treatment of arsenic contaminated groundwater 
need to be refined to the point that they are reliable, cost-effective and sufficiently low tech to 
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become locally acceptable under widely variable conditions of the region. A review of existing 
technologies had already revealed that each available technology had relative advantages and 
disadvantages, but no single technological option demonstrated perfect performance. Attention 
should also be paid to the future arsenic-rich wastes generated from a wide range of arsenic 
removal technologies. The leaching and pollution potential of these wastes need to be clearly 
understood in order to devise safe disposal options applicable in this part of Asia.  

Thirdly, it is also important to understand the fate of natural and anthropogenically-
induced arsenic in the environment and fully quantify it for the regional countries impacted by 
the emerging crisis. Most of the research has so far focused on the presence and measurement 
of arsenic in groundwater and exposure through drinking and cooking water. However, most of 
water consumption occurs in agriculture with its widespread use of groundwater for irrigation 
suggests that the arsenic withdrawn with irrigation water can build up in soil and get 
translocated into irrigated crops. Phyto-toxicity due to increased arsenic in soil/water and its 
long-term impact on agricultural yield is another major technological concern that requires 
further investigation. 
 

4.2 Institutional and policy – related problems 
 

The most important institutional aspect of dealing with the global arsenic crisis is to 
develop sufficient local capacity to monitor, evaluate, and implement remedial action. By far 
the greatest institutional hurdle, it requires mobilization of financial resources, development of 
a comprehensive, integrated policy and presence of political will for its implementation. Only 
in the presence of the required human, technological, institutional and financial capacity, there 
is a strong chance for the remedial policies to succeed. Development of national institutions for 
managing the arsenic crisis is also important. These involve both legislative measures and 
development of governmental bodies that can collate the information, evaluate the magnitude 
of the problem and develop coordinated remedial actions.  

The institutional development has to be broad enough to cover the various sectors that 
are potentially impacted by this crisis: agriculture, industries, and municipal water supply. 
Similarly, local government institutions should also be given sufficient resources to ensure 
provision of arsenic safe water to people. Another challenge is the development of the regional 
representations for international institutions that would serve as facilitators for collation and 
dissemination of local information, undertake public awareness raising campaigns regionally 
and internationally, and coordinate efforts undertaken by the international community 
(including the UN system and various bilateral/multilateral donors). International collaboration 
amongst the affected countries (particularly those from South Asia, such as Nepal and 
Bangladesh) as well as relevant international institutions can reap significant benefits securing 
funding for research and implementation, providing technical expertise and investigating 
public health aspects (e.g., treatment options). Furthermore, synergies should be sought 
through collaborative efforts amongst groups already working on the arsenic crisis. 

The overall policy development should be comprehensive enough to ensure inclusion 
of long-term measures for impacted sectors, including public health, water resources, 
agriculture, social welfare and the national economy. Long-term measures should include 
significant development of the public health sector to cope with the long-term consequences of 
the large population exposed to arsenic-polluted water. Training and capacity development in 
remote and rural areas should become a key concern. These measures should also address 
provision of water supply to affected areas in the context of a broader water resource 
management policy.  

Welfare of the affected population and providing them sufficient social support is a key 
element of the policy challenges. This should include awareness raising of the general public 
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as well as providing them information about how to cope with the arsenicosis-related problems 
on a day-to-day basis. Development of such social support would also entail long-term 
capacity development of in the social welfare sector.  

In a broad sense, the arsenic crisis indicates the importance of water resource 
management in the countries of the region as typical for the developing world. We know that 
water as a resource is going to become much more precious and scarce in the next few decades. 
This demands serious attention from policy-makers and researchers alike. Managing the 
arsenic crisis should include linking up to the considerable global efforts being made to better 
understand the breadth of water research and policy issues.  
 

4.3 Mitigation measures to be implemented 
 

Taking into account the lessons learned from highly contaminated areas with a long-
term exposure (Bangladesh and Nepal), the following mitigation measures are suggested. It is 
imperative to conduct national survey to identify problem-prone population groups drinking 
arsenic contaminated water in affected areas and provide safe drinking water to the affected 
population through alternate sources (deep boreholes, de-arsinator filters). People should be 
encouraged to use alum to de-arsinate contaminated water. Laboratory facilities should be 
created for quantitative analysis of arsenic and its toxicity levels in humans should be 
determined. Longer-term challenges relate to development of a water delivery infrastructure 
that would ensure sustainable delivery of clean, safe drinking water to people affected by the 
arsenic crisis.  

Effective water management scheme should be launched in order to encourage people 
to ensure rational use of groundwater. Surveillance teams should be created starting from 
grass-root level up to the central level in order to identify, treat, follow up and conduct water-
testing activities. Training courses for officers and staff in the health services are to be 
conducted to identify arsenicosis patients and provide immediate clinical support to the 
diagnosed patients while ensuring follow-ups. Small hospitals, especially in arsenic affected 
districts, should be established with a view to provide treatment to the complicated patients and 
also conduct research. Appropriate health education campaigns are to be conducted and 
communication programs with national and international organizations for collaboration in the 
control measures are to be introduced. Media must actively participate in the awareness 
campaign while necessary information, educational and communication materials are to be 
introduced to enhance awareness of the people. 

 
5. Initiatives and Mitigation Measures Taken by United Nations and International 

Organisations 
 

5.1 UNICEF (United Nations Children’s Fund) 
 
The UNICEF programme of cooperation in the region is currently with the 

governments of Viet Nam, Cambodia, Myanmar and Lao PDR, which contribute variety of 
inter-sectoral and sectoral initiatives in health, education, water, sanitation, and protection. The 
water and environmental sanitation (WES) program of UNICEF, improves access to safe water 
and sanitation, particularly in rural and underserved areas. The current UNICEF strategy is to 
support government and civil society in dealing with the arsenic problem such as testing of 
tube wells in the region, strengthening communication efforts, promoting the development and 
utilization of alternative community-managed water sources and supporting health-based 
interventions. Within this framework, specific on-going UNICEF interventions include: 
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1. The provision of continued support to tube well testing and the development of test kits 
and test kit specifications. 

2. With government and local NGOs and supporting communities to identify, install and 
maintain alternative, viable and sustainable safe water options. This includes the 
drilling of deep tube wells, the testing and demonstration of household arsenic removal 
units and alternative water collection and disinfection techniques such as rainwater 
harvesting etc. 

3. In partnership with the government, private sector and the media, the dissemination of 
accurate and relevant information about arsenic to individuals and communities 
empower them to take all necessary steps to mitigate the arsenic water contamination 
situation. This includes a major multi-media social mobilization and communication 
campaign. 

4. Support the governments in the area of health worker training and epidemiological 
study design. Ensuring that all of the UNICEF interventions in the area are related to 
safe water supply in the region especially arsenic and bacteria contamination etc. This 
includes testing of new and old tube well. 

 
UNICEF has taken a proactive role in addressing the arsenic problem in overall region. 

UNICEF has helped the governments in identifying and mapping the areas particularly at high 
risk of arsenic contamination, and supports the governments in conducting tests of tube wells 
in the eight provinces of the Red River basin in Viet Nam, Cambodia and Lao PDR. It also 
supports the development of locally produced arsenic field test kits (UNICEF, 2002) such as 
Mahidol University in Bangkok has introduced Arsenic Kit. 

 
5.2 WHO (World Health Organization) 

 
WHO is supporting the arsenic mitigation programme particularly in Cambodia with 

international collaboration of JICA and UNICEF. It regularly organizes the seminars and 
training workshops related to arsenic-related contamination in soil/water issues in close 
collaboration with other international bodies including UNESCAP. 
 

5.3 UNESCAP (United Nations Economic and Social Commission for Asia and the 
Pacific) 

 
UNESCAP activities on arsenic and groundwater contamination issues in the past three 

years are highlighted below. 
 
a. Expert Group Meeting, 2-4 May 2001, Bangkok 
 
The Expert Group Meeting on Geology and Health: Solving the Arsenic Crisis in the 

Asia-Pacific Region was organized by ESCAP in close cooperation with UNICEF, WHO and 
many other collaborating agencies in Bangkok from 2 to 4 May 2001. A statement highlighted 
the public health crisis in Bangladesh while noting that naturally occurring arsenic had become 
an emerging issue in Asia. The objective of this expert group meeting was to review the 
existing knowledge and understand the problems caused by arsenic contamination of 
groundwater used for drinking water. The meeting was convened to reach a consensus on 
solving the water supply crisis in affected countries while providing early warning to countries 
not yet affected but potentially vulnerable to arsenic contamination (UNESCAP, 2001). 

 
 



 101

b. Roundtable on Arsenic and Water Quality, 8-9 March 2002, Bangkok 
 
As a follow-up to the above meeting on geology and health: solving the arsenic crisis in 

the Asia- Pacific Region, ESCAP hosted the Roundtable on Arsenic and Water Quality on 8-9 
March 2002 in Bangkok, once again supported and co-organized with UNICEF and WHO. In 
this meeting, sixty experts attended to share their knowledge from different countries such as 
Bangladesh, Cambodia, China, Democratic People's Republic of Korea, India, Lao People's 
Democratic Republic, Nepal, Nigeria, Thailand and Viet Nam. The meeting also confirmed 
that arsenic-contaminated groundwater used for drinking was an increasing threat in the region, 
and recommended a three-pronged approach to prevent and mitigate the impact of arsenic in 
drinking water supplies; 
 

• Early detection and timely medical treatment of arsenicosis symptoms in the areas 
suspected to contain arsenic-contaminated groundwater. 

• Selection of suitable arsenic removal techniques, especially those workable at 
household level. 

• Identification of alternative sources of safe water such as rainwater harvesting, surface 
water purification, and exploitation of still ample safe groundwater resources free of 
arsenic, by means of hydro-geological mapping combined with water quality surveys. 
 

The meeting recommended that ESCAP should play a role in regional coordination of 
international organizations, specialized agencies, NGOs and government departments 
which are involved in addressing the issue of natural contamination of arsenic (UNESCAP, 
2002). 
 

c. UNESCAP-IWMI Seminar on Environmental and Public Health Risks due to 
Contamination of Soils, Crops, Surface and Groundwater from Urban, Industrial and 
Natural Sources in South-East Asia, 10-12 December 2002, Hanoi. 

 
The above-mentioned seminar was held in Hanoi, Viet Nam from 10-to12 December 

2002. It was jointly organized by UNESCAP and IWMI (International Water Management 
Institute) and hosted by the National Institute for Soils and Fertilizers of Viet Nam. Apart from 
reviewing the current status of pollution in the region, the meeting was held to announce an 
IWMI led 4-year programme at the sub-regional level to assess pollution levels. These are 
based on analytical data, the uptake of heavy metals/metalloids by crops and potential food 
chain contamination, subsequent potential impacts on the health of rural and urban populations 
and the sustainable use of soil and groundwater resources.  

The programme aims to identify pollution sources and causative processes with a view 
to developing counter measures and formulating requisite regulations and legislation. The 
resources for this 4-year programme, entitled protecting food security, human health and 
environmental integrity in rice-based agricultural systems from the detrimental impacts of 
heavy metals in South-East Asia are expected to come from various sources simultaneously. 
This multisectoral project is expected to result in the collaboration of government departments 
with international agencies, NGOs as well as the private sector to develop a level of decision 
making based on reliable and balanced information that will ensure the sustainability of soil 
and water resources safe for rural, periurban and urban populations (ESCAP-IWMI, 2002). 
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d.  Training workshop in Bangkok, June 2004 
 
This workshop was the continuation of above workshop arranged by UNESCAP in 

Hanoi in 2002. The main aim of the training workshop was the development of effective 
management and decision making tools for the mitigation of contamination of soils, crops and 
water in the Greater Mekong Subregion. The main objective of the meeting was to increase 
awareness and identify tools and solutions in the protection of the environment, human health, 
food security, nutrient security and rural livelihoods in irrigated rice-based agricultural 
communities through demonstration of the detrimental impacts associated with elevated levels 
of heavy metals in the countries of Greater Mekong Sub-region. 

 
e. Inter-regional Conference on Water Quality- Arsenic Mitigation 
 

The conference was co-organized & co-sponsored by UNESCAP, WHO, UNICEF and 
United Nations University and was hosted by the Ministry of Health and Ministry of Water 
Resources or the People’s Republic of China in Taiyuan, Shanxi Province from 23 to 26 
November 2004 
 The overall purpose the proposed conference was to mobilize the country governments, 
donors, research and financial institutions to fully engage on key water quality issues 
particularly the chronic arsenic poisoning in the Asian region; assess the progress on mitigation 
efforts and innovations; review existing strategies, operational research results and lessons 
learned; make a serious commitment for future actions and to generate appropriate and 
adequate financial and other physical and technical resources for the prevention and mitigation 
of drinking water arsenic poisoning. 
The key objectives of the conference were; 
(i) To raise awareness on the health effects especially for children, due to chronic arsenic 

posing and the challenges related to actions for preventions of arsenic contamination 
problem; 

(ii) Facilitate information exchange on scope of the problem and actions taken among 
arsenic affected countries in preventing and mitigating chronic arsenic poisoning 

(iii) Identify and review successful mitigation strategies and innovations and new scientific 
research results; new technology options for developing appropriate response strategies for 
mitigation to prevent chronic arsenic positioning and to secure governments commitment 
for action. 

(iv) Mobilize political support and funding commitments from concerned governments, 
donors/ financial institutions for arsenic mitigation activities. 

 
 The conference was attended by 71 decision-makers from governments, 
development partners agencies, international organizations, research institutions, NGO and 
project staff working in the field. The major outcomes of the conference are the Taiyuan 
Declaration on Water Quality and Arsenic and Recommendations for Strategic Actions to 
support the implementation of Taiyuan Declaration 
. 

6. Conclusions and Recommendations 
 

6.1 Conclusions 
 

 It is obvious from the surveys undertaken by UNICEF and other organizations that the 
quality of groundwater is not reliable in the region, particularly in Cambodia, where 
groundwater contains soluble iron in high concentration. It is tentatively and very 
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conservatively estimated that in Cambodia a combined population of up to 30,000 
people are exposed to As-contaminated groundwater. 

 
 According to existing tentative data originating from surveys by UNICEF and local 

organizations in Lao PDR and Myanmar, the majority of the recently (2003) taken 
samples were found to contain As in concentration less than 10 µg/L, testifying to the 
relatively safe situation in these countries. However, few samples contained As in the 
range of 10-50 µg/L and even fewer numbers of samples contained dangerous As-
concentration more than 50 µg/L. Though it is important to note that more ambitious 
surveys are necessary to provide definitive information on the safety of local 
groundwater. 

 
 Very limited information exists for Thailand where As-related contamination is 

potentially highly possible though probably very localized. 
 

 In China, the use of coal is considered as the main cause of arsenic contamination. 
Since its initial discovery in 1983, the total population exposed to endemic As-related 
disease arsenism has reached over 2,000,000. Studies have found that over 96 per cent 
of well groundwater in the Inner Mongolia exceeded the Chinese national standard of 
arsenic. 

 
 In Viet Nam, more than 11 million people are conservatively estimated to be at risk due 

to exposure to As-contaminated water, which is 300 times greater than the WHO 
drinking water standard.   

 
 Overall, arsenic contamination of the groundwater threatens at least 20 million people 

in the East and South-East Asia. 
 

 
 Though the link between the intensified surface organic pollution and an increase in 

As-solubilizing reducing conditions in the underground water-bearing strata is 
theoretically obvious, it still remains to be confirmed through actual research in the 
region. 

 
 A number of critical technological, institutional and policy-related problems are still to 

be overcome. 
 

 There exists an urgent necessity for much stronger regional cooperation of such 
international organizations as UNESCAP, UNICEF, WHO etc., local NGOs, 
governments and other relevant stakeholders. 

  
 It appears the current situation is such that only the urgent measures (see also 

Recommendations) will prevent a crisis situation in the east and South-East Asia to 
occur on the scale of the current calamity in Bangladesh. 

 
6.2 Recommendations 

 
A set of recommendations in order to provide safe water options are listed below: 
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• A central national laboratory in each country should be established, which is to be 
independent from the key ministries, although these ministries should rely on this 
laboratory for quality-assured analyses. 

 
• A national standard in each country for all drinking water including tap water, bottled 

water, well water, etc. should be established so that monitoring of drinking water 
quality could be developed and improved. Such efforts require high-level commitments 
from several agencies and input from technical experts and the support of external 
agencies. 

 
• National and regional laboratory-supported monitoring networks should be laid down 

to support the application of the national standards. Monitoring should be independent 
from the service providers and proactive with communities involved. 

 
• Geological information, including available drilling logs from water supply programs, 

should be developed as an overall response to the arsenic and related issues. 
 
• The concerned departments should take follow-up actions where water supplies exceed 

the recommended health-based guideline values. 
 
• A greater emphasis on water quality as well safe water supply development should be 

put in the government policy documents. 
 
• Information on the public health risks and hazards should be shared among the 

countries in the region. 
 
• Knowledge and experience in public health risks assessment should be upgraded. 

 
• Public health risk assessments should be conducted in all areas especially in severe 

threatened areas and an action plan on public health risk control should be formulated. 
 
• Community water quality surveillance programs should be initiated and a National 

Water Quality Standard should be established. 
 
• Immediate short-term mitigation programs should be organized followed by long-term 

plans in arsenic-related water contamination affected areas. 
 
• The program of testing boreholes should be continued frequently, highlighting safe or 

contaminated mark of identity. 
 
• Communication for awareness should be practiced encouraging hygiene and health 

promotion, particularly, in the remote areas of the region. 
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