ENVIRONMENTAL AND HEALTH ASPECTS OF WATER TREATMENT AND SUPPLY - Health Problems and Their
Resolution - Yasumoto Magara, Naoyuki Funamizu, Shosaku Kashiwada, Mitsugu Saito, Sombo T. Yamamura, Katsuyoshi
Tomono

HEALTH PROBLEMS AND THEIR RESOLUTION

Yasumoto Magara
Professor of Engineering, Hokkaido University, Sapporo, Japan

Naoyuki Funamizu
Associate Professor of Engineering, Hokkaido University, Sapporo, Japan

Shosaku Kashiwada
Research associate, Nicholas School of Environment and Earth Sciences, Duke
University, North Carolina, USA

Mitsugu Saito
Senior Researcher, Overseas Environmental Cooperation Center, Tokyo, Japan

Sombo T. Yamamura
Visiting Fellow of Institute of Advanced Study, The United Nations University, Tokyo,
Japan

Katsuyoshi Tomono
Senior Engineering Advisor, Tokyo Engineering Consultants, Co., Ltd., Japan

Keywords: acute effects and chronic effect, adequate sanitation, appropriate
technology, aquaculture, community participation, composting toilet, faeco-oral
transmission, fish cultivation, johkasou, open defecation, pit latrine, population growth,
primary health care, public health, reclaimed water, resource recovery, septic tank,
sewerage, vault toilet, VISION21, water supply and sanitation, WID, willingness to pay.

Contents

1. Introduction

2. Constrains to improving water and sanitation services

2.1. Historical brief

2.2 Global water supply and sanitation assessment 2000

2.3. VISION21

2.4. Investment and management for development projects

2.5. WID viewpoint

3. Health implications of some major water development projects

3.1. Planning, implementation and management of water supply projects
3.2. Water supply development project in Phnom Penh

3.3. Human excreta handling for public health

3.4. Development of wastewater and human excreta management in Japan
4. Reclaimed water and health issues

4.1. Wastewater reuse and public health consideration

4.2. Type of wastewater reuse and its water quality criteria

4.3. Pathogen survival in wastewater treatment systems and the environment
5. Aquaculture water reuse and health

5.1. Effect on physiological function of aquatic life

©Encyclopedia of Life Support Systems (EOLSS)



ENVIRONMENTAL AND HEALTH ASPECTS OF WATER TREATMENT AND SUPPLY - Health Problems and Their
Resolution - Yasumoto Magara, Naoyuki Funamizu, Shosaku Kashiwada, Mitsugu Saito, Sombo T. Yamamura, Katsuyoshi
Tomono

5.2. Water quality for aquatic life
Glossary

Bibliography

Biographical Sketches

Summary

Water is a truly essential commodity, not only for domestic life but also for public
activities. At the same time, wastewater must be discarded from the use point as soon as
it completes its purpose. If one considers the water cycle around human or social
activities, it becomes obvious that water usage means the use of its properties, such as
the solubility, the thermal capacity, or the hydraulic head (potential energy), and that
change in properties results in the production of wastewater. Water and wastewater are,
therefore, closely related to human life or productive activities.

WHO estimates that 2.4 billion people worldwide still do not have any acceptable
means of sanitation while 1.1 billion people do not have an improved water supply. To
help those who are threatened by such health risks, United Nations (UN) and other
organizations have launched several programs and action plans to protect and promote
the health for the world population.

Due to the increase of water consumption, wastewater reuse is frequently practiced in
many ‘water-stressed’ countries. Health protection from the use of reclaimed water is
one of the most critical objectives in any water reuse project. The potential health risks
associated with wastewater reclamation and reuse are related to the extent of direct
exposure to the reclaimed water.

Fish cultivation, including artificial hatching, needs a great amount of water. Water
reuse is, therefore, a necessary measure for economic benefits and conservation of
limited water resources. It is essential, however, to pay attention to water quality, not
just to prevent adverse effects on fish but also to protect the health of the public who use
cultivated fish as a protein source.

1. Introduction

Water is an essential commodity, not only for domestic life but also for public activities.
At the same time, wastewater must be discarded from the use point as soon as it fulfils
its purpose. If one analyzes the mass balance of water around human beings, or social
activities, it becomes obvious that water usage means the use of its properties, such as
solubility, thermal capacity, or density, and that a property change results the production
of wastewater. Water and wastewater are, therefore, closely related to human life and
productive activities. Water itself supports social and economic activities, and it also has
a key role in maintaining ecosystems. Polluting water or altering its properties reduces
its value, and this may endanger human health by transmitting pollutants and/or
pathogens.

Waterborne diseases such as dysentery infect billions of people annually, and the annual

mortality is as high as five to ten million people. Inappropriate handling of excreta, or
insufficient water to keep oneself clean, may pose enormous risk of ascariasis and other
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helminthic diseases, or leprosy. Poor management of the water environment can result
in shistosomiasis or malaria. The World Health Organization (WHO) states that 70% of
disease episodes in developing countries are closely related to polluted water and/or
inappropriate excreta treatment. It also remarks that six million children die of gastro-
intestinal diseases annually and 500 million people suffer trachoma from lack of clean
water for face-washing.

Gastro-intestinal diseases also have a big effect on infant mortality, i.e. inappropriate
sanitation increases the infant mortality rate. High infant mortality rate not only means
the death of babies but also creates an implicit hazard that undermines mothers’ health.
Especially in developing countries, partly due to the economic difficulty of purchasing
fossil fuel to drive machines, a minimum level of manpower is necessary to execute
social activities. This requires sufficient family members to run family life, with the
result that. mothers bear so many children that they sacrifice their health, and reduce
their productive capacity during pregnancies.

Water-based sanitation facilities, or simply sanitation, as we know it today, was
developed in the middle of the nineteenth century. Before this, sanitation practice
differed between regions or hierarchies, and archaeological remains date back several
thousand years. It is probable, however, that the majority of the people then defecated
on streets, in fields, and/or along rivers. Until the end of the Middle Ages, there was no
significant development in sanitation facilities. Open defecation and bedpan defecation
were still commonplace for ordinary people, and, consequently, epidemic diseases
prevailed periodically over many cities in accordance with population growth.

The nineteenth century was a turning era in terms of sanitary systems. The first water
closets were connected to water and wastewater lines in 1850s in London. Being behind
the development of the sanitation apparatus for several decades, wastewater treatment
technologies were developed—primarily physical and chemical treatment, then later,
biological treatment.

Safe water supply and appropriate sanitation are essential components for healthy and
prosperous life, but, at the same time, harnessing safe water and discarding wastewater
must be carefully considered. Where no water is available in the proximity of a
household, the family must consume much time and energy collecting and transporting
water. This work trades off other productive activities. Some research has shown that a
water supply line can create more time to be spent in the field, and in family, social and
educational activities. If no measures are taken to treat human excreta in an appropriate
fashion, this waste can degrade the traditionally used water resource; it will then require
additional cost to treat the contaminated water or to secure uncontaminated water.

2. Constrains to improving water and sanitation services
2.1. Historical brief
WHO estimates that 2.4 billion people worldwide still do not have any acceptable

means of sanitation, while 1.1 billion people do not have an improved water supply. For
those who are threatened by the health risks, United Nations (UN) and other
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organizations have launched several programs and action plans which protect and
promote the health for the world population. One of the major turning points came in
1976, at the UN Conference on Human Settlements (Habitat) in Vancouver. The
Conference impressed on the many governmental delegations that the improvement of
water supply and sanitation services in poor countries was the emerging priority task for
all people. Habitat then recommended realistic targets and programs to provide water
and sanitation for unserved urban and rural people.

Two years later, the International Conference on Primary Health Care was held in
Alma-Ata, USSR. This called for urgent and effective action to develop and implement
primary health care throughout the world. The Declaration of Alma-Ata adopted during
the Conference aimed at attainment of an acceptable level of health for all the people of
the world by the year 2000, and included adequate supply of safe water and basic
sanitation as essential element, as well as nutrition, immunization, etc.

The 1980s, the International Drinking Water Supply and Sanitation Decade (IDWSSD),
saw big strides made in finding affordable technologies and participatory approaches to
help serve those without access to improved water and sanitation services. But that
Decade also demonstrated conclusively that “business as usual” would never bring
improvements quickly enough to cope with the backlog and provide access to growing
populations.

In 1990, the Water Supply and Sanitation Collaboration Council (WSSCC) was
established in order to maintain the momentum of the IDWSSD. The mission of the
WSSCC is to accelerate the achievement of sustainable water, sanitation and waste
management services for all people, with special attention to the unserved poor.
WSSCC covers technical, regional, tactical, networking and other activities, providing a
bridge between professional associations and international NGOs.

VISION21 was launched by the WSSCC at the Second World Water Forum and
Ministerial Conference in the Hague in March 2000. VISION21 is based on the “Water
for People” initiative and aims at halving the number of people without access to
hygienic sanitation facilities and adequate quantities of affordable and safe water. This
will mean delivering improved water services to almost 280 000 people every day for
the next 15 years, and improved sanitation facilities for around 384 000 per day. The
ultimate goal to achieve universal access to hygiene, sanitation and water services is set
at 2025.

Simultaneously, VISION21 emphasizes the importance of developing the options in
concordance with regional needs and resources. This indicates the use of appropriate
technology—the technology applicable and affordable for countries in every
development stage.

The World Summit on Sustainable Development held in Johannesburg in 2002 included
in its Plan for Implementation the target of halving the unserved people by 2015. Today,
world people should have a will to support eradication of poor health and improvement
of living conditions.
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2.2 Global water supply and sanitation assessment 2000

The Global Water Supply and Sanitation Assessment 2000 presented the findings of the
fourth assessment by the WHO and UNICEF Joint Monitoring Programme. Previous
reports were produced in 1991, 1993 and 1996. The assessment has found that:

. Around a quarter of the 4.8 billion people in developing countries are without
access to improved sources of water, while half of them are without access to improved
sanitation services.

. Of the 4.9 billion people worldwide who have access to water supply services,
around three billion have the convenience of access through house connections or yard
taps.

. There are four billion cases of diarrhoea in the world every year, with 2.2
million deaths, mostly among children under five. Safe water, adequate sanitation and
hygiene can reduce diarrhoeal disease by between one-quarter and one-third of these
cases.

. Rural services still lag far behind urban ones, but delivering affordable services
to the rapidly growing numbers of urban poor remains a formidable challenge.
. There are huge inequities in the amounts invested in improving services to the

better-off sections of urban society compared with investments in providing basic
services for the unserved poor

The Assessment makes clear that many people are being deprived of this right. It has
further found that:

o The tariff charged by the water agencies in developing countries is not sufficient
to cope with the costs of producing and distributing water. In Africa, Asia, and Latin
America and the Caribbean the ratio between the unit average tariff and the unit
production cost is respectively 0.8, 0.7 and 0.9.

. In Africa, 30% of the rural water supplies are not functioning at any one time. In
Asia, and Latin America and the Caribbean, the numbers are, respectively, 17% and 4%.
. In the developing regions of the world, treatment of wastewater is applied in

only a small number of systems. Only about 35% of the wastewater is treated in Asia,
while the figure is 14% in Latin America. Only a negligible percentage of treatment has
been reported in Africa. Even in industrialized countries, sewage is not universally
treated.

. In large cities of developing countries, the percentage of unaccounted-for water
is very high, around 40%. Most of this water is simply lost before reaching the potential
user. The consequences are particularly serious to the poor living in marginal areas
where the water will be wasted before reaching them.

. Not all the water distributed in large cities is safe. A number of cities reported
that most samples violated water quality standards.

The constraints identified by the Assessment 2000 included:

. Financial difficulties

. Institutional problems

. Inadequate human resources
. Lack of sector coordination

. Lack of political commitment
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Insufficient community involvement
Inadequate operation and maintenance

Lack of hygiene education

Poor water quality

Insufficient information and communication.

In addition, there are many barriers to expanding access to improved sanitation services,
including (1) lack of political will, (2) low prestige and recognition, (3) poor policy at
all levels, (4) weak institutional framework, (5) inadequate and poorly used resources,
(6) inappropriate approaches, (7) failure to recognize defects of current excreta
management systems, (8) neglect of consumer preferences, (9) ineffective promotion
and low public awareness, and (10) women and children last. The reasons for apparent
low demand need to be understood, to determine whether changes can be brought about
through political, financial or technical means, or simply by improving information.
People may want sanitation very badly, yet be powerless to express that desire in
financial or political terms. Some may want safe excreta management facilities, but not
at the prevailing price. Others may not want the available “improvements” at any price.
Cultural beliefs have a strong impact on sanitation, and even on the possibility of
talking about sanitation. In many cultures, the handling of excreta is considered a taboo
and viewed as disgusting or a dangerous nuisance, not to be discussed. No one wants to
be associated with excreta. Those who reduce its offensive characteristics for others
may be stigmatized by association. Problems cannot be solved if people do not want to
talk about them and be associated with their solution. In many contexts, taboos—
including modern technological ones—block the safe recovery of valuable agricultural
resources from human wastes. To counter the excreta taboo, education promoting
sanitation and hygiene should link the value of excreta (feces and urine) to fertility and
health protection.

Three principles are fundamental to the creation of socially, economically and

ecologically sustainable sanitation systems:

I. Equity. All segments of society have access to safe, appropriate sanitation systems
adapted to their needs and means,

Il. Health promotion and protection from disease. Sanitation systems should prevent
users and other people from contracting excreta-related diseases and should interrupt
the cycle of disease transmission,

I11. Protection of the environment. Sanitation systems should neither pollute ecosystems
nor deplete scare resources.

There are four major challenges facing the water supply and sanitation sector in the
years to come:

. Keeping pace with a net population growth of more than a billion people over
the next 15 years.

. Closing the coverage and service gap, with emphasis on sanitation which lags
considerably behind water supply.

. Ensuring sustainability of existing and new services.

. Improving the quality of services.

2.3. VISION21
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The VISION 21 “Water for People” initiative, launched in March 2000, aims to:

. By 2015, reduce by half the number of people without access to hygienic
sanitation facilities and adequate quantities of affordable and safe water.
. By 2025, achieve universal access to hygiene, sanitation and water services.

Considering that the current urban and rural populations without improved water service
are 173 million and 926 million respectively, and that by 2015 the urban and rural
populations will grow by 972 million and 127 million, respectively, it is obvious that the
past pace of providing improved services will be insufficient to cope with the projected
population growth. Unless the pace is increased, the number of people without access
will increase sharply.

To achieve the 2015 target, the annual investment in water supply should be increased
by 31% (39% for the urban water sector and 19% for the rural water sector). In
sanitation, the numbers are even more drastic as the current coverage level is low. In
urban areas, 1.085 billion additional people should be provided with sanitation service,
requiring a 28% increase in effective annual expenditure. In rural areas, the global target
is to provide an additional 1.1 billion people with sanitation service, implying a
quadrupling of the annual progress achieved over the 1990s. To achieve the total
sanitation target by 2015 would require that the annual expenditure of the 1990s should
almost double.

The integrated development of waterworks and sanitation is important not only in urban
areas, but also in rural areas. In general, it is more important in rural areas, since they
are economically handicapped. After the development of the water supply and sanitation
facilities, the most important issue is the sustainability of water supply and sanitation
services in order to encourage community willingness to pay.

2.4. Investment and management for development projects

Proper investment in water supply and sanitation is said to be about one fifth of the total
necessary. Furthermore, the amount that can be given by a non-charge monetary
assistance is limited to only a proportion of total investment, and project selection
should be made very strictly. In line with WHO’s slogan “Some for all rather than more
for some” for their aiding approach, projects with more beneficiaries for smaller cost
should be selected.

The level of government that manages waterworks projects varies depending on the
country. In many cases the right to manage is left to the cities, but the country provides
loan guarantees, low-interest loans, and aid to assist construction investment. There are
examples of maintenance/management costs for waterworks in small cities and local
villages being assisted by national government or by a commercial waterworks
company.

The problem here is that there are many ambiguous matters, such as what legal
background such aid is based on and how rules are set in detail for them. Sometimes the
costs of loan guarantees or interest for loan redemption are set in favor of the
government, and sometimes there is over-assisting in maintenance/ management costs.
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It is thought that in developing countries, the legal administration is postponed and only
the political transactions are proceeding.

In a longer view, the goal for a waterworks project is to run independently. The
national, local and municipal governments should prepare the legal administration
system and give financial aid so that in the end the waterworks company can achieve
the goal of independence in which residents/users pay for the proper cost and the
company makes efforts for rationalization of management.

A master plan to develop the legal administration system is therefore necessary, and in
it the regulations should be made in relation to local autonomy, administration and
finance in cities and local regions, public officials, government enterprises, etc.

2.5. WID viewpoint

Development of waterworks has a close relationship with women because in most
countries, water carrying and housework related to water, such as cooking and washing,
are regarded as jobs for women. Furthermore, since women do housework and raise
children, keeping their children clean and houses sanitary depends largely on women's
awareness.

In other words, development of waterworks benefits women the most, and therefore
without women's cooperation, sustainable development of waterworks is difficult to
achieve. Especially in many rural areas, where communities maintain small-scale
waterworks facilities, women are very often responsible for the facilities, from
maintenance to usage. Water supply projects in rural areas are also considered as
projects of Women in Development (WID).

Development of waterworks in urban areas is generally considered as a kind of
development of infrastructure, and so it seems to have nothing to do with women.
However, considering WID's primary object—taking every project from women's point
of view— it will be obvious that there is a relationship. It is women who use water, and
waterworks should benefit them the most.

Therefore, women's opinions and experiences are particularly useful as basic research
items necessary for waterworks projects, such as the quantity of water in daily use, the
frequency and the purpose of fetching water, the type of useful facilities, and the
affordability of water.

Small-scale waterworks facilities in rural areas, such as utilization of shallow wells or
spring water, are more deeply related to women. In most areas where there is no
waterworks, it is women who fetch water from distant sources.

Additionally, as described above, women consume most of the water, and in most areas,
women are responsible for maintenance of the facilities and collection of water charges.
Recent water supply projects in rural areas have adopted community-participated
methods as follows, in which development of water-supply facilities, hygiene education,
and WID are integrated.
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