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Introduction

W

ater scarcity is a major problem facing the world today.  Considering the limited precipitation available in any given region, the key question is that how should we cope with the increase in population and per capita consumption.  This problem has to be viewed in the perspective of the uneven distribution of precipitation at the global scale and the numerous transboundary management issues.  Additionally, the global climate change may have unexpected impacts on the water resource distribution.

As an example, the distribution of water resources in Japan is shown in Figure 1. 
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Figure 1.  Water balances in Japan

This situation can be compared to the water availability and stress in various countries; as shown in Figure 2.  A number of countries in the Asian region have water use in excess of their water availability.  These countries include Afghanistan, Bahrain, India, Iran, Iraq, Israel, Jordan, Kuwait, Oman, Pakistan, Qatar, Saudi Arabia, South Korea, United Arab Emirates and Yemen.  In this context, treatment of wastewater and its re-use become critically important.
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Figure 2.  Water availability and water use in some Asian countries

Brief Introduction to Biological Treatment of Water in Japan

The biological oxygen demand (BOD) in the wastewater is reduced according the following reaction:

BOD + O2 + β nutrient + biomass ( (1-α) CO2 + (1+ α) biomass

Two key issues are how to supply oxygen to the biomass and how to keep the biomass stable.  The biomass can be suspended or fixed within a treatment unit.  Other key issues include ways to separate water from biomass and to remove excess (grown) biomass. 

A number of biological treatment options – aerobic in nature – are discussed in this paper.  Some technologies, like activated sludge process and fixed film bioreactor are “industrialized” systems that operate on electric power.  Other systems, like soil infiltration, oxidation ponds and zero emission systems rely on natural energy on the small scale.

A.  Activated Sludge

There are four types of activated sludge systems used:

· Conventional process; high-rate with biosorption

· Sequential batch operation

· Oxidation ditch
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Membrane separation (shown in Figure 3)

Figure 3.  Activated sludge tank with membrane separation of treated water (Membrane bio-reactor)

B.  Fixed Biofilm Reactor

Three common types of biofilm reactors are:

· Trickling filter

· Rotating disc contactor

· Small scale systems based on natural energy

C.  Soil infiltration

This an aerobic biological treatment, the process is schematically shown in Figure 4.  A typical design of a soil infiltration system is shown in Figure 5.
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Figure 4.  Unit model cell of soil infiltration system
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Figure 5.  Cross-section of a typical soil infiltration unit.

D.  Oxidation Pond Treatment

An oxidation pond utilizes active biomass to treat wastewater in the presence of nutrients and solar energy.
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Figure 6.  Schematic illustration of an oxidation pond treatment

E. Zero Emissions System

The concept of zero emission material cycles is based on the concept that the total material cycle in the anthropogenic sphere should be clarified and managed as an integrated/holistic system.  It would be necessary that the residence times of materials and resources in the anthropogenic sphere are maximized.  This means that intake of natural resources is within the renewable limits and the final emission to the environment is within the assimilable limits. 

Integrated zero emissions systems combine natural ecosystems and anthropogenic activities into a stable network system.  Such an example of Integrated Biomass System (IBS) has been developed in Fiji on experimental basis.  The experiment, which started in 1998, is designed by Dr. George Chan and is supported by the United Nations University.  Figure 7 schematically shows the process of IBS, as it is developed in Fiji.
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Figure 7.  A schematic description of the integrated biomass system in Fiji.

Conclusions

1. Holistic or integrated approaches should be adopted for wastewater treatment and re-use.  These should include consideration of a long-term material and energy balance in order to assess their sustainability.

2. Development of sustainable technologies should be based on physical, climatological, social and cultural conditions of a local site.

3. Treatment of wastes with some kind of value-added output are necessary.










