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ABSTRACT

Fish and aquatic plants are farmed  for food or feed almost entirely in traditional wastewater-fed aquaculture systems; and mainly in East, South and Southeast Asia. Major systems in China and Vietnam are threatened by urbanization and industrialization, leading to declining areas, and contamination of fish with toxic substances, respectively.  The Calcutta system is threatened by urbanization but several new systems have been implemented in smaller cities.  Wastewater-fed aquaculture may progress through three successive developmental phases : a phase in densely populated pre-industrial  societies in which scarcity of resources led to the development of the practice; a phase in early or rapidly industrializing societies with numerous constraining factors which characterizes most current systems; and possibly a phase in late industrial societies with widespread safe reuse from a public health point of view.  Phase 3 is forecast as unlikely to occur, with the possible disappearance of most wastewater-fed aquaculture systems as most developing countries in Phase 2  are currently experiencing constraints which may lead to its disappearance; and today’s developed countries are unlikely to introduce the practice.  Perhaps the best prospect for implementation of new wastewater-fed systems is in semi-arid and arid countries such as Egypt and Peru where pilot projects have demonstrated feasibility of practice and where there is increasing pressure to reuse wastewater.   A second prospect is  to produce fish meal for formulated animal feed.
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1.
Introduction


The last major assessment of the global status of wastewater-fed aquaculture was at the International Seminar on Wastewater Reclamation and Reuse for Aquaculture held in Calcutta in 1988, sponsored by the Government of India, ESCAP and the UNDP-World Bank Water and Sanitation Program (Edwards and Pullin, 1990).  The seminar coincided with a review of world literature to 1988 commissioned by the UNDP-World Bank program (Edwards, 1992).   Shortly afterwards Strauss and Blumenthal (1990) reviewed wastewater use in aquaculture in India, Indonesia and Peru.  As the International Ecological Engineering Society held its annual conference in 1998 in Calcutta which has the largest wastewater-fed aquaculture system in the world (Ghosh, 1990), the organizing committee sought an update of progress of wastewater reuse in aquaculture over the past decade.


A schema is presented of the various types of wastewater-fed aquaculture, followed by an overview of previously expressed, unfulfilled potential.  Published guidelines for wastewater-fed aquaculture are outlined. Guidelines for wastewater-fed aquaculture have been published.  Besides farmer practice, there is scientific knowledge of how such systems function.  There is a design to maximize production of microbiologically safe fish with minimal treatment of wastewater which considerably increases the potential of wastewater reuse.  There is rapid die-off of both faecal coliforms and bacteriophages (viral indicators) in wastewater-fed fish ponds. For societies in which there is social aversion to direct  human consumption of produce, designs exist to farm fish and duckweed as high-protein animal feed.  An outline of the status of selected systems and factors that influence them is followed by a discussion of future prospects for wastewater-fed aquaculture.

2.
Types of wastewater-fed aquaculture


There is great diversity of systems when the term “wastewater” is used generically to cover the range of forms in which human excreta are reused in aquaculture.  These include fresh excreta or nightsoil; surface waters contaminated with faecal matter; septage; and wastewater (sewage) i.e., waterborne transported faecal matter.  A schema of wastewater reuse strategies is outlined in Fig. 1.  Wastewater is most commonly directly reused to produce fish and aquatic plants (freshwater macrophytes) for human consumption.  Less common, safer from a public health point of view, and more likely to be socially acceptable, are indirect reuse strategies to produce fish seed (fingerlings), and fish and aquatic plants as animal feed for livestock  and fish.


Excreta may be used in-situ as in an overhung latrine on a fish pond; or be transported by various means (cartage) as nightsoil or septage to ponds.  Fish may be cultured in pen and cage enclosures; and large freshwater plants or macrophytes such as water spinach and water mimosa grown in faecally contaminated surface waters.  Wastewater may be fed into ponds and lakes to culture fish and freshwater macrophytes.


It is important to note that the vast majority of wastewater reuse systems are traditional in the sense that they have been developed largely by farmers and local communities.  Scientists and engineers have studied reuse systems but few they have designed have gone beyond the pilot stage.

3.
Unfulfilled  potential?


The consensus statement of the 1988 Calcutta meeting concluded that there is excellent potential to expand wastewater-fed aquaculture as it offers high-quality protein at low cost, reduced environmental pollution, increased employment, and more efficient use of poorly managed ecosystems (a special reference  in particular, because of the conference venu, to derelict wetlands around Calcutta).


Optimistic forecasts of unfulfilled potential from the decades of the 70s  and 80s, compiled from the literature (Edwards,  1992), are quoted below:

· “there is reason to believe excreta reuse will increase” (Allen, 1972)

·  “the principle has been proven in practice, the benefits are obvious, but the challenge has not been met” (McGarry, 1976)

· “sewage treatment plants of rapidly growing cities will become huge centres for food production” (Borgstrom, 1978)

· “reuse of organic wastes from cities may eventually lead to the development of alternative agricultural systems that could surpass the contribution of the green revolution to world food production” (Newcombe and Bowman, 1978)

· “excreta reuse in aquaculture will become an increasingly important form of waste disposal, water pollution control, and food production in the next two decades in many parts of the world “  (IRCWD, 1985)

· “where possible reuse of wastewater should be the preferred method of wastewater disposal to minimize treatment costs and obtain maximum agricultural and aquacultural benefits from the nutrients contained in the wastewater” (WHO, 1989)  

· “the Chinese experience indicates a real potential for excreta reuse” (Edwards, 1992, but written in 1988).


More recently, in a paper entitled “The future of ecological engineering”, Guterstam and Etnier (1996) wrote that it is feasible to use ecological engineering on a large scale because of examples in the world of large scale, wastewater-fed aquaculture systems : the Munich system as a “historical monument”; and “reality” in Asia in cities in China, Hanoi and Calcutta.

4.
Guidelines for wastewater-fed aquaculture

4.1
Farmer practice


Farmers have learned by experience how to culture mainly herbivorous and  omnivorous fish such as Chinese carps, Indian major carps and tilapias.   They assess water quality in wastewater-fed ponds by observing water colour, light penetration in water, and fish surfacing behaviour after dawn when pond dissolved oxygen concentrations have declined to their lowest levels during the night.  Good water quality is indicated by green colouration and low light penetration which reflect adequate levels of protein-rich plankton for fish to feed on, and minimal surfacing of fish at dawn to gulp air which indicates sufficient dissolved oxygen in the water for the fish during the night when photosynthesis, the main oxygen providing mechanism, does not operate.


There are various wastewater management strategies.  In the absence of a supply of surface freshwater, farmers fill up ponds with wastewater which is then left for 2-3 weeks for natural purification before stocking fish.  Subsequently,  ponds may be topped up with wastewater continuously or periodically depending on pond area,  water volume, availability of wastewater,  and season with regard to low temperatures in winter in temperate climates and dilution of pond water due to monsoon rains in the tropics.

4.2
Scientific knowledge


Research has led to a scientific understanding  that fertilization by wastewater provides natural food for fish in the form of phytoplankton, zooplankton and benthic organisms, and of the dynamics of wastewater-fed fish ponds. Key parameters are organic loading rate (10-30 kg BOD5/ha/day), nutrient loading rate (4 kg N and 1 kg P/ha/day) and permissible maximal ammonia concentrations in fish pond water (0.5 mg/l of un-ionised ammonia).

4.3
Pond design for conventional wastewater


Conventional designs incorporate complete treatment of the effluent before it is fed to fish ponds i.e.,  to 1 x 103 faecal coliforms / 100 ml in accordance with the tentative guidelines established by WHO (1989) for wastewater-fed aquaculture.  This is achieved by use of anaerobic, facultative and sometimes maturation ponds in series prior to the treated effluent flowing into the  fish ponds.   There is minimal reuse of nutrients in the wastewater because of the high degree of treatment before the effluent enters the fish ponds.  Pilot-scale systems have recently been designed  for Peru (Cavallini, 1996) and Egypt (Shereif et al., 1995).


An improved design provides minimal treatment of wastewater and maximal production of microbiologically safe fish (Mara et al., 1993; Mara, 1997).   There is 1 day retention in an anaerobic pond followed by 4 days retention in a facultative pond before the partially treated effluent enters the fish pond.  It was developed following a recommendation from the 1988 Calcutta symposium that sanitary engineers and aquaculturists should unify their approaches to wastewater-fed aquaculture design as there is a discrepancy in the use of the term “optimal organic loading rate by about 1 order of magnitude (Table 1).   Less than 10% of the total pond area is used for pretreatment with far more nutrients contained in the wastewater used to produce fish than in the conventional design.  The design criterion for the fish pond is a surface loading of 4 kg total N/ha/day and the number of faecal coliforms is then estimated and should  be ( 1 x 103 /100 ml in the pond water.  The microbiological quality of fish pond water rather than pretreated wastewater influent to the fish pond complies with the tentative WHO guideline figure for faecal coliforms.  The design takes into consideration the extremely rapid die-off of faecal coliforms in fertile wastewater-fed fish ponds.   It conforms to the recommendation of no human trematode eggs due to the sufficiently long retention times in the anaerobic and facultative ponds.

4.4
Public health


Based on recommendations by WHO (1989) and bacterial quality standards and threshold concentrations for fish muscle, Pullin et al., (1992) published guidelines for domestic wastewater reuse in aquaculture:

· a minimum retention time of 8-10 days for raw sewage

· a tentative maximum critical density of 105 total bacteria/ml in wastewater-fed fish pond water

· absence of viable trematode eggs in fish ponds

· suspension of wastewater loading for 2 weeks prior to fish harvest

· holding fish for a few hours to facilitate evacuation of gut contents

· < 50 total bacteria /g of fish muscle and no Salmonella
· good hygiene in handling and processing, including evisceration, washing and cooking well

· use as high-protein animal feed if direct consumption of fish is socially unacceptable.

Anecdotal evidence does not indicate significantly increased risk to public health from consumption of fish raised in most reuse systems but scientifically based data are almost entirely lacking to support such a contention.  It was recognized at the outset (WHO, 1989) that public health standards should be based on epidemiological rather than microbiological guidelines i.e., on actual rather than on potential risk, and this has been detailed by Strauss (1996).  There is evidence from India (Pal and Das Gupta, 1992) and Egypt (Easa et al., 1995) that the microbiological quality of fish cultured in wastewater-fed ponds is better than that of freshwater fish from many other water bodies and surface waters which have been polluted unintentionally.  It can be argued that it is safer to consume fish cultured in a well managed and monitored, wastewater-fed system than to rely on wild fish caught from increasingly polluted and unregulated surface waters.

The above discussion relates to  ponds fed with conventional wastewater or sewage.  One of the few epidemiological studies ever carried out concerned fish ponds with overhung latrines in Java. Water from the fish ponds had a mean of 4 x 104 faecal coliforms/100 ml which exceeded the WHO tentative guideline by 40 times (Blumenthal et al., 1991/92).  This led to an excess risk of diarrhoel disease in exposed children under 5 years of age although not in older persons.  Clearly it is not possible to generalize  health risks of  wastewater-fed aquaculture as some systems may present a greater risk to public health than others, particularly those in which excreta are reused without any pretreatment.  There is also a need to assess the occupational risk of workers in wastewater-fed systems and handlers of harvested fish but guidelines do not exist.

The 1988 Calcutta seminar recommend that domestic wastewater should not be reused in aquaculture if it contains hazardous industrial wastewater (Edwards and Pullin, 1990).  Unfortunately, this is usually the case in rapidly industrializing developing countries with mixed domestic and industrial wastewater streams.  The 1988 seminar recommended further research on heavy metal concentrations in fish but considered it unlikely that they constituted a health risk because of their precipitation under anaerobic conditions as insoluble metallic sulphides (Edwards, 1990a).  It was recognized that there are heavy metals in Calcutta wastewater but it was believed that most should precipitate out in the long anaerobic sewage canals leading to the fish ponds.  This was an overly optimistic view according to a paper presented at the 1998 conference, as heavy metals appear to be a significant health risk to Calcutta consumers (Biswas and Santra, this volume).  A survey of fish (and vegetables) raised on wastewater from markets in the Calcutta metropolitan area indicated high levels of lead, cadmium and chromium compared to those from relatively pollution – free rural areas.  Wastewater from the city of Calcutta takes hours rather than days, as assumed previously,  to flow  to the fish ponds (M. Bandyopadhyay, personal communication), insufficient time for heavy metals to precipitate.  Clearly, a formal anaerobic treatment process is required to remove heavy metals.  This is supported by a study from Egypt in which toxic heavy metals (cadmium, copper, lead and zinc) in fish raised in treated effluent were present at much lower levels than international advisory levels (Easa et al., 1995; Shereif and Mancy, 1995).  Hydrocarbons in industrial effluents might accumulate more readily in fish than heavy metals and warrant careful monitoring but they were within accepted standards in wastewater-fed fish ponds in Egypt (Shereif and Mancey, 1995) and in Peru (Cavallini, 1996) that incorporated prior treatment in anaerobic, facultative and maturation ponds. 

4.5
High-protein animal feed


It is feasible to culture fish and to cultivate duckweed on wastewater to produce high-protein feed for both fish and livestock.  Such systems incorporate an extra step in the food chain and are thus likely to be less ecologically and economically efficient than direct reuse.  Nevertheless, by “lengthening the food chain” wastewater reuse becomes indirect and perhaps feasible in societies in which direct reuse is socially unacceptable (Edwards, 1990b).


A significant amount of the protein in formulated pelleted diets for fish and shrimp, as well as livestock, is fish meal.  Marine capture fisheries which provide the fish from which fish meal is manufactured cannot meet the rising demand for fish meal.  Fish cultured in wastewater-fed systems may have a future role to augment the supply of fish protein from marine capture fisheries for animal feeds.   Net extrapolated yields of about 7 tonnes/ha/yr year of tilapia were obtained by frequent seining of a freely breeding population of tilapia in ponds fertilized with septage (Edwards, 1988). Harvested fish  were small but size is unimportant for fish destined for animal rather than human consumption.  The tilapia were of equal quality to marine trash fish and fish meal in formulated fish diets (Edwards, 1990b).


Cultivation of duckweed in ponds fed with nightsoil or faecally polluted surface water to feed fingerlings of grass carp is a traditional Chinese practice.  Duckweeds have high protein content (25-45% crude protein but less true protein), high growth rate (10-40 tonnes dry matter/ha/year) and can be harvested easily.  They can grow in the shade and in shallow water and thus need not compete directly for land suitable for fish ponds as they can be grown in ditches and rice fields.  However, they are difficult to cultivate continuously over an extended period as growth may be adversely affected by low temperature, high temperature/high light intensity, and insect infestation in some species.  As duckweeds  are difficult to dry and decompose rapidly when removed from water, they need to be fed fresh rather soon after harvest. The area required to grow the duckweed.  Furthermore, the area required to grow the duckweed in a duckweed-fed, fish pond system is 1-2 times larger than that required to culture the fish fed solely on the duckweed (Edwards et al., 1990), which may be an additional constraint to indirect reuse through duckweed in aquaculture.

5.
Current status

5.1
Asia


Most wastewater-reuse  in aquaculture in the world today continues to take place in Asia, where it is traditional practice in some countries.  In contrast, there is an almost insignificant current level of practice on other continents.  Below is presented a brief outline of the current status of wastewater-fed aquaculture in selected countries, mostly where it is an important practice, and where recent attempts have been made to promote it (Table 2).

5.1.1
Bangladesh.  Wastewater-reuse in aquaculture is not  a traditional activity in Bangladesh although fish were reported to be harvested from over 50 ha of “sewage-fed” ponds and lakes in Dhaka, probably low-lying areas within the city and its suburbs fertilized unintentionally with faecally contaminated surface water  (Rahman, 1992).  Declining areas of fish ponds were observed within the city during a recent visit by the author due to rapid urbanization; and excessively high organic loadings of ponds in suburban areas which preclude the culture of carps and tilapias due to insufficient dissolved oxygen.  Insecurity of land tenure by fish farmers in the rapidly expanding city would further constrain aquaculture.


PRISM, Bangladesh, a nongovernment organization operates duckweed wastewater treatment systems at Mirzapur using wastewater from a hospital and at Khulna with municipal wastewater, the harvested duckweed is used to feed fish and poultry.   Duckweed wastewater treatment systems have been constructed in several countries, including the USA (Poole, 1996).  PRISM has also introduced a household, latrine-fed, pond system to about 50 villages in Bangladesh with duckweed, cultivated as a means to improve sanitation, harvested and fed to fish in nearby ponds.

5.1.2
China.  There  has been a recent and major decline of wastewater-fed aquaculture in China.  Nightsoil reuse is still practiced in remoter rural areas but has declined in the major aquaculture areas (Pearl and Yangtze river basins) due to economic growth.  Improved sanitation has  reduced the availability of nightsoil; and increased labour costs favour use of inorganic fertilizers and supplementary / formulated feeds in aquaculture.  


A further dramatic change has been a decline in the use of sewage in aquaculture.  Wastewater-fed aquaculture of ponds and lakes with conventional sewage developed rapidly since its introduction at the Hangkou fish farm in Wuhan in 1951 to 20,000 ha by the 1980s.  Wastewater-fed pond and lake fish culture were reviewed  recently by Li (1996) who discussed the “twin” constraints of eutrophication and industrial pollution caused by rapid urbanization and industrialization.  Eutrophication causes death of fish due to dissolved oxygen depletion.  In 1998 there was a mass fish kill in wastewater-fed Donghu Lake in Wuhan (J.S. Jia, personal communication).  Industrial pollution leads to fish which are unacceptable to the consumer  and difficult to market because of undesirable odour and taste from contamination with petroleum and phenolic compounds.  In China most domestic wastewater is mixed with industrial wastewater.  Seventy five percent of the total wastewater in China is industrial and is increasing; only 24% is treated leading to serious water pollution as well as constraining wastewater-fed  aquaculture (Ou and Sun, 1996).

5.1.3
India.   The world’s single ,largest, wastewater-fed, fish pond complex is in Calcutta, India.  It has declined in area to about 2,500 ha and is threatened by urbanization.  According to Mukherjee (1996), the complex, commonly called the East Calcutta Wetlands, should be an environmentalist’s dream but its existence cannot be justified in the narrow economic perspective of personal net returns of fish farm owners.  It will be disappear unless there is a significant increase in pond productivity to provide an incentive for land owners to maintain current land use; and/or local government recognizes the considerable environment and social benefits.  Environmental benefits include  low-cost wastewater treatment, storm-water drainage, and a green area as a lung for the city; social benefits include employment for about 17,000 poor people and about 20 tonnes of fish/day for the urban poor (Morrice et al., 1998; S.C. Santra, personal communication).   It is a “myth that planning is an exercise in rationality” and organised interest groups with a desire to capitalise on the high value of the land for urban development  likely are most to influence planning decisions, with negative consequences for preservation of the reuse system (Kundu, 1994).  Strong government policy intervention in terms of legislation, implementation and enforcement will be required to achieve the “environmentalist’s ream (Mukherjee, 1996).


Although intense efforts will be required continuously to safeguard the Calcutta wastewater-fed fish pond complex from pressures of urban expansion, the lessons learned from farmers who developed the system over the past few decades have been replicated elsewhere in West Bengal (Ghosh, 1990, 1995, 1998).  Similar but smaller systems have been constructed in three municipalities  within the Calcutta metropolitan area under the Ganga Action Plan.  This Government of India initiative to reduce the adverse environmental impact of municipal discharge on the river Gauges recognizes the benefits of wastewater-fed aquaculture for India in comparison with conventional, mechanical wastewater treatment plants.  The design used to establish new wastewater-fed fish pond systems incorporates anaerobic ponds which should solve the heavy metal problem currently affecting the main Calcutta reuse system.  Mudially Fishermen’s Cooperative Society, a small wastewater-fed fish pond system that receives mixed domestic and industrial wastewater, has been upgraded by introducing anaerobic ponds and water hyacinth filled canals to pretreat the wastewater (Mukherjee, 1998).  A newly constructed wastewater-fed fish farm in Kalyani township in West Bengal has also incorporated pretreatment of wastewater prior to its reuse in fish ponds (Jana and Datta, 1996; Jana, 1998a). 


An “aquaculture sewage treatment plant” (ASTP) using duckweed ponds and fish ponds has recently  been constructed by the Central Institute of Freshwater Aquaculture and the Ministry of Environment and Forests in Cuttack, Orissa.  Although further research is proposed on the relative areas and retention times of the duckweed ponds and the fish ponds, the intention is eventual multilocational testing in different agroclimatic zones for country-wide testing (CIFA, undated).

5.1.4
Vietnam.   Wastewater reuse is also traditional practice in Vietnam but appears to be on the decline.  The fish pond overhung latrine is the major sanitation system in rural areas in south Vietnam.  Recently it has been officially banned by the government which considers it, correctly so, as distasteful and unsightly.  Although it is not an acceptable system from a public health point of view because it uses untreated nightsoil, the absence of an acceptable alternative sanitation system may have the opposite effect to the one intended : an increase in the incidence of insanitary disease.  Ho Chi Minh has a unique system of tilapia seed production in ponds fed with faecally contaminated surface waters but it is declining in area to rapid urban expansion.  Hanoi has a large wastewater fed system of fish ponds and rice fields which depends, as in Calcutta, on reuse of untreated wastewater which flows out of the city into a low-lying area, Thanh Tri district.  Although the Hanoi city masterplan retains the aquaculture-agriculture land use pattern of the district, the wastewater-fed pond and pond / rice field area has declined by 35% to under 500 ha over the past decade.  This has been caused by the breakdown of the communal wastewater distribution system in the transition to a free-market economy, with many farming households now unable to obtain a supply of wastewater.

5.2
Africa

5.2.1
Egypt.  As the region has a chronic shortage  of freshwater, research was conducted on the feasibility of wastewater-fed aquaculture in Egypt.  Tilapia was cultured in secondary-treated effluent in Cairo.  Fish muscle was acceptable for human consumption based on microbial analysis for bacteria and chemical analysis for heavy metals (Khalil and Hussein, 1997).  Tilapia and grey mullet were also cultured in a demonstration treatment / reuse system in Suez, again with secondary treated effluent and fish were acceptable for human consumption  based on bacterial, heavy metal and organochlorine pesticide standards (Shereif et al., 1995; Easa et al., 1995; and Shereif and  Mancy, 1995). 

5.3
Europe

5.3.1
Germany.   Experiments with wastewater-fed aquaculture began in Germany in 1887 and from the end of the last century until the 1950s about 90 systems were constructed.  Almost all have been closed with the notable exception of the system in Munich (Prein, 1996).  Wastewater-fed aquaculture declined in Europe because of increased land values, increased operational costs due to salaries of fish farmers, and the need for an alternative treatment process in winter in the temperate climate.  The pond system at Munich was formerly used for secondary biological treatment but currently is used for tertiary treatment of activated sludge effluent.  It is also a bird sanctuary and recreation area (Prein, 1996).

5.3.2
Hungary.  While there may be potential for wastewater-fed aquaculture with the “new market economy conditions” in East European countries,  the system that was introduced into Hungary at Fonyod (Olah, 1990),  has ceased to function because the technology was not of interest to the owners under changing economic conditions in the country (L. Varadi, personal communication).
5.4
Latin America

5.4.1
Peru.  
Tilapia were cultured in specially constructed research and demonstration  ponds at the San Juan wastewater stabilization pond complex in Lima, Peru using tertiary treated effluents (Cavallini, 1996).  Fish were acceptable for human consumption with respect to standards for viruses, bacteria, parasites as well as heavy metals, pesticides and PCBs.  Wastewater-fed tilapia were acceptable to Lima city consumers even though they were aware of the origin of the fish.  The current status of efforts to promote wastewater-fed aquaculture in Latin America is uncertain.

 5.5
Middle East

5.5.1
Jordan.  A wastewater-fed aquaculture project, the Maysara Project is to be implemented in the Jordan Valley.  Septage will be treated in duckweed ponds and the harvested duckweed fed to sheep (Aqua consult., 1998).

6.
Future  prospects


It is increasingly recognized that “modern societies are out of balance with the natural world” and there is a need to “integrate advanced societies with the natural world to the mutual benefit of both” (Todd, 1997).  Nutrients contained in human excreta in previous centuries were more likely to be reused in agriculture (and aquaculture) than to cause eutrophication of surface waters as today.  The  initial “breach in the flow of mineral nutrients”  between humans and food production was the introduction of wastewater (water borne toilet waste or sewage) in the last century (Borgstrom, 1973; Vallentyne, 1974).  Ryther (1971) introduced the term “controlled eutrophication” to describe engineered systems in which wastewater can be reused to produce aquatic produce and fish based on an awareness of such systems from China and the Far East.  


A recent workshop on aquaculture for wastewater treatment reported that the practice is still widespread in many parts of Asia; and the state-of-the-art is fairly advanced.  It concluded that aquaculture can contribute to sustainable use of wastewater (Dave, 1996).  However, a more recent review of current status presented in the preceding section calls for a reassessment of the above optimistic forecast.  Large-scale systems to reuse wastewater or sewage  have been developed in low lying areas (lakes, marshes, wetlands) in peri-urban areas where  settlement or alternative land use was impeded or precluded.  Availability of copious quantities of nutrient – rich wastewater, at little to no cost, led to their development primarily to culture fish in cities in China, in Calcutta in India, and Hanoi and HCM City in Vietnam.  Most are now constrained, their existence threatened or are in decline, mainly because of rapid urbanization and industrialization.


It has been proposed that urban agriculture (and aquaculture) be promoted using  “idle land and water bodies”  (Smit and Nasr, 1992) but large tracts of land suitable for the development of new wastewater-fed pond systems are likely to be scarce in rapidly expanding, developing country cities.  Industrialization poses a major threat also as domestic and industrial wastewater streams are usually mixed.  A constraint to wastewater-fed fish in China is the difficulty in marketing wastewater-fed fish contaminated with industrial sewage as they are tainted (smell and taste) with petroleum and phenolic compounds.  Fish from the Calcutta system may have unacceptably high concentrations of heavy metals (Jana, 1998b).  Relocation of the 600 tanneries that currently discharge 150 kg chromium daily into the wastewater that flows to the fish ponds is planned (S.C. Santra, personal communication) but the difficult task of controlling effluents from small-scale industry remains.  Pretreatment of Calcutta city wastewater before it enters the fish ponds is a matter of urgency to protect the health of consumers who consume the 20 tonnes of fish produced daily.


Several new wastewater-fed aquaculture systems have been constructed recently in India; and pilot schemes developed in Latin America (Peru) and Africa (Egypt).  All include pretreatment and several have monitored fish which have been shown to be fit for human consumption.  In India in particular, promotion of wastewater reuse has been accepted by local government as being superior to conventional, mechanical wastewater treatment plants in terms of cost and reliability (Ghosh, 1998).  Wastewater reuse has particular relevance for arid and semi-arid areas where there is chronic shortage of freshwater as in Egypt and it is predicted to drastically increase (Shereif et al., 1995).


Although it has been considered as feasible (Dave, 1996), it is unlikely that wastewater-fed aquaculture has potential in most western countries.  Low winter temperatures constrain culture of plankton-feeding  warmwater fish such as  carps and tilapias as well as wastewater treatment; and production of low-market value fish in large pond areas is unlikely to be economic.  With rising living standards there is a change in consumer preference from low-value herbivorous and omnivorous species that can be cultured in wastewater-fed systems to higher-value carnivorous fish and shrimp.  This trend is being compensated for to some extent by a general increase in the price of fish so that fish species previously considered unacceptable are being marketed throughout the world.  Perhaps the most serious constraint, despite a growing environmental awareness as educational standards rise, is the real or imagined threat to public health from pathogens and pollutants.  National food regulatory agencies are likely to oppose the concept of wastewater reuse because of both public health, and social or aesthetic concerns.  An example to support this contention is experience in the USA.  During the 1970s several experimental waste reuse systems were studied but none have ever been implemented commercially (Ryther, 1990).    According to Huguenin and Little (1977), even if consumption of the fish were socially acceptable, regulatory agencies would require a lower health risk for cultured than wild fish, especially if fish are fed with a potentially objectionable input such as wastewater.  They recommended a more feasible marketing strategy would be to produce animal feed. 


A reassessment of wastewater-fed aquaculture suggests that it may progress through three successive development phases (Table 3):

· phase 1, pre-industrial societies in which predisposing factors favour the development of  wastewater-fed aquaculture : high population density leading to limited resources; and current sanitation providing a ready source of nutrients.

· phase 2, early industrial or rapidly industrializing societies in which installation of wastewater may initially favour wastewater-fed aquaculture but rapid urbanization and rapid industrialization soon constrain the practice.  Most systems are in this phase today.  Improved sanitation from cartage to sewage may initially favour reuse  through an increase in supply of nutrients until further development increases the contamination with industrial sewage.  A change in societal structure in Vietnam from communes to household responsibility has decreased wastewater availability on farms and therefore reuse in Hanoi.  A policy vacuum limits the introduction and enforcement of favourable social  and environmental legislation that would favour wastewater-fed aquaculture in most countries.

· phase 3, late industrial societies in which there is  environmental awareness about the need to close nutrient cycles and reuse wastewater, and favorable policy to implement industrial wastewater control and monitoring so that the practice is safe from a public health point of view.  Increasing pressure on finite fresh water resources are likely to favour wastewater reuse, particularly in semi-arid and arid areas.  Increasing demand for fish meal may also lead to the development of wastewater-fed aquaculture systems to produce animal protein for formulated animal feed.


One cannot but agree with Dave (1996) that the future role of wastewater-fed aquaculture is “more of a social, public and political matter than a technical” one in developing countries.  The big questions are will the few developing country societies in which wastewater reuse in aquaculture still exists (phase 2), and which are facing various constraints, mange to maintain let alone increase the extent of the practice; and will developed countries (phase 3)  reverse a trend of intensification of aquaculture by introducing wastewater-fed  aquaculture ?  One cannot help being skeptical about a positive outcome in  most cases, contributing further to the overall recent  decline in wastewater-fed  aquaculture.
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Table 1

Differing approaches of sanitary engineers and aquaculturists to wastewater-fed pond design. Derived from consensus statement in Edwards and Pullin (1990)

	Parameter
	Sanitary engineer
	Aquaculturist

	Aim
	Maximum wastewater treatment
	      Maximum fish production

	BOD5 loading rate

(kg/ha/d)
	200 - 300
	10 - 30

	Relative  pond  area
	Low
	High




Table 2

Current status of selected wastewater-fed aquaculture systems and major influencing factors.  1, rapid urbanization; 2, insecure land tenure; 3, hypereutrophication; 4, promoted by a nongovernment organization; 5, improved sanitation; 6, industrial pollution; 7, tainted fish; 8, promoted by government; 9, operated as a cooperative; 10, government ban; 11, change from cooperative to private ownership; 12, nature reserve; 13, tertiary treatment; 14, inappropriate technology; 15, promoted by development agency.

	Location
	Wastewater type
	Cultured organism
	Culture system
	Current status
	Influencing factors

	Asia
	
	
	
	
	

	   Bangladesh
	Contaminated surface water
	Fish
	Ponds and

lakes, Dhaka
	Decline
	1, 2, 3

	
	Nightsoil
	Duckweed
	Ponds
	Stable
	4

	
	Wastewater
	Duckweed
	Ponds
	Stable
	4



	   China
	Nightsoil
	Fish
	Ponds
	Decline
	5

	   
	Wastewater
	Fish
	Ponds, lakes
	Decline
	1, 3, 6, 7



	   India
	Wastewater
	Fish
	Ponds, East

Calcutta wetlands
	Threatened
	1, 2, 6

	
	Wastewater
	Fish
	Ponds, Bally-Kona,

Titagarh-Bandipur, and Panihati
	Recently constructed 
	8

	
	Wastewater
	Fish
	Ponds, Mudially
	Stable
	9

	
	Wastewater
	Fish
	Ponds, Kalyani
	Recently constructed


	8

	
	Wastewater
	Duckweed, fish
	Ponds, Cuttack
	Recently constructed


	8

	   Vietnam
	Latrine
	Fish
	Ponds, 

south Vietnam
	Decline
	10

	
	Contaminated surface water
	Fish
	Ponds, 

Ho Chi Minh City
	Decline
	1

	
	Wastewater
	Fish
	Ponds, Hanoi
	Decline
	11

	Europe
	
	
	
	
	

	    Germany
	Wastewater
	Fish
	Ponds, Munich
	Stable
	12, 13

	    Hungary
	Wastewater
	Fish
	Ponds, Fonyod
	Ceased
	14

	Latin America
	
	
	
	
	

	     Peru
	Wastewater
	Fish
	Ponds, Lima
	Uncertain
	-

	Africa
	
	
	
	
	

	     Egypt
	Wastewater
	Fish
	Ponds, Cairo 

and Suez
	Recently constructed
	8

	Middle East
	
	
	
	
	

	    Jordan
	Septage
	Duckweed
	Ponds,
	Planning stage
	15


Table 3

Developmental phases of wastewater-fed aquaculture

	Phase 1 – pre-disposing factors in pre-industrial societies

                High population density

                Limited resources

                On-site sanitation or cartage

                Available sites

	Phase 2 – constraining factors in early industrial societies

                 Rapid urbanization

                        High opportunity cost of peri-urban land 

                        Hyper-eutrophication of surface waters

	                Rapid industrialization

                        Mixed domestic and industrial wastewaters 

                        Unmarketable fish tainted with oils and phenols

	                Rising living standards

                        Improved sanitation

                        Change  in consumer preference from low- to high-value fish species

               Change in societal structure 

                Policy vacuum

	Phase 3 – pre-disposing factors in late industrial societies

                Increased environmental awareness

	                Favourable policy

                        Social and environmental issues

                Ecological engineering
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Fig. 1

Figure 1.  A  schema of  wastewater  reuse  strategies.               direct reuse;                   indirect reuse.
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