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Abstract

The author reviews the potential health risks and current epidemiological evidence for actual risks from pathogen transmission through wastewater aquaculture. The groups at risk, their exposure and the types of risk are defined. A distinction is made between potential and actual risks. The main factors determining pathogen transmission and survival are discussed. Water quality standards required for aquaculture are compared with the microbial quality of natural surface waters from which fish are harvested without restriction. Since wastewater treatment is an important technical tool to reduce pathogen transmission risks, several treatment processes are rated with respect to their pathogen elimination potential. Adequate wastewater treatment is

needed for reasons of public health protection as well as for social acceptance of wastewaterbased aquaculture. Possible legal approaches to minimise the pathogen transmission risks are discussed and examples of existing guidelines and standards relating to waste-fed aquaculture and aquatic food products are presented.

THE CALCUTTA AND MUNICH WASTEWATER-FED AQUACULTURAL SYSTEMS -

HEALTH CONSIDERATIONS

Both the Calcutta raw wastewater-fed fish pond system - known as the “Calcutta Wetlands” – and the Munich treated wastewater-fed fisheries are frequently cited as showpieces of wastewater-fed fish production. In India, there are over 130 sewage-fed fisheries covering a total area of 12,000 ha. The Calcutta Wetlands, which have been operational since about 1930, are the world’s largest wastewater fisheries, comprising an area of approx. 4,000 ha and providing employment for 4,000 families [1]. Various types of carps and Oreochromis mossambicus (Tilapia) are grown in these ponds. The catch from the ponds meets about 10% of Calcutta’s market demands for consumable fish. The fish ponds are batch-fed with untreated sewage at low organic loading rates of 6-22 kg BOD/ha·day which correspond to maturation pond loading rates in warm climates.

These rates have become established through decades of fish pond practice and are aimed at

maintaining adequate fish environments. The low loadings lead to a rather safe hygienic quality of the pond water; with total coliform concentrations reportedly amounting to 102-103/100 ml [2].

This corresponds to a faecal coliform1 level of 101-102/100 ml and would be equivalent to the

quality of many surface waters from where fish are caught without restriction (see Table 2 below).

If these values are confirmed and represent a long-term pond quality average, the potential health risks for fish consumers from pathogens contained in this waste-fed fisheries scheme could be judged minimal. Since all fish are cooked prior to consumption, the health risk is further reduced.

1 Faecal coliforms are specific indicators of faecal contamination, whereas total coliforms are not.

2 The bulk of the pathogens entering the ponds with the wastewater settles in the pond sediments. 

This poses an occupational risk for the fishermen who wade in the ponds to harvest the fish. The

effective health protection measure for the fishermen and their families is proper personal

hygiene. Epidemiological investigations would be required to establish actual (not only potential)

health risks.

From the end of last century until the 1950’s, wastewater-based fish production was rather

widespread in Germany. Around 90 schemes existed at that time, and were either fed with

mechanically-treated wastewater diluted with fresh water, secondary effluent, or with effluents

from sewage fields. The aim then was to treat or polish wastewater and, at the same time,

produce fish. The Munich fishponds is the only system still in use today. It covers an area of 230 ha and receives the diluted effluent from an activated sludge plant originally designed to treat sewage from 500,000 population equivalent [3]. Tertiary wastewater treatment has reportedly been added in recent years. The necessary dilution with water from the river Isar may therefore have been reduced from a 1:3 ratio (effluent:water) in 1989 to currently 1:1. The ponds, stocked with common carp, are only operated in the months of March/April to  October/November since temperatures in winter are too low for substantial fish production coupled with wastewater polishing. The annual harvest of 100-150 tons is reportedly controlled by the health authorities prior to being sold to restaurants or large institutions. The total coliform concentration in the pond water was reported as 3x102 - 1.5x104/100 ml (cited in [3]). This may be taken as equivalent to a faecal coliform concentration of 101-103/100 ml; i.e., levels which are considered safe for the fish flesh to remain free from pathogens (see also the chapter on microbiological studies with fish). No pathogen-related health data for fish is available, however, fish quality is reported to comply with the standards imposed by the German Federal Bureau of Health [3]. Heavy metals and aromatic hydrocarbon concentrations in the fish ponds appear to satisfy government standards. 

Depuration2 studies conducted with fish from the Munich ponds showed that depuration lasting

for up to one year was effective for Cd and Pb but not for Hg and PCBs (cited in [3]).

In Germany (except in Munich), wastewater-fed fishery was abandoned due to increased land and operational costs, in addition to the requirement of alternative treatment processes over the winter months when fish production has to be suspended. The Munich ponds, though reportedly

associated with very high operation and maintenance costs, will not be abandoned since they

have been declared a European bird sanctuary and also serve as a recreational area.

THE RISK DIMENSION - WHO IS AT RISK ?

Pathogen and Indicator Levels in Faeces, Wastewaters and Rivers

Enteric bacteria, which form the intestinal flora, are shed daily in numbers ranging from 105 -

1010/g of stool through the excreta of healthy individuals. Among them is the faecal coliform

group with Escherichia coli as their main representative. Faecal coliforms (FC) are the most

widely used indicator bacteria for faecal contamination, as their excreted load is similar or larger

than that of pathogenic organisms, and their survival time in the environment longer than that of

excreted bacteria and viruses.

Infected persons, exhibiting disease symptoms or asymptomatic carriers, shed huge loads of the

respective pathogenic organism - for viruses up to 1011/gram of faeces, for Salmonella typhi up

to 108/gram, for Entamoeba hystolitica up to 105/gram, and for Ascaris lumbricoides eggs up to

104/gram. In water-borne waste disposal systems, part of the pathogen load will eventually reach the sewage treatment works. Concentrations in the raw wastewater are dependent on the number of individuals infected within a given population, as well as on the per capita wastewater

2 Depuration is the placing of the fish in clean water to allow cleansing from pathogens or contaminants.

3 generation. Virus concentrations in wastewater are often higher in summer than in winter.

Pathogens reaching the treatment plant, while continuing to die-off “naturally”, will be eliminated

from the wastewater stream by scavenging mainly and accumulate in the treatment plant sludge.

However, due to the often high numbers contained in the raw wastewater, considerable

concentrations might still be found in the effluents, even though 99 % or more might be eliminated (see also the section on wastewater treatment below). Table 1 contains indicator and pathogen concentrations in faeces and wastewater.

Concentrations in the receiving water bodies depend on whether and through which processes

the wastewater is treated prior to discharge, on the dilution to which the discharged wastewater is subjected, and on the rate of further pathogen die-off in the receiving water.

The microbiological quality of rivers has been cited here for reasons of comparison between the

hygienic quality of natural surface waters, which are traditionally harvested for freshwater fish, and

that of artificial wastewater-fed aquacultural systems further discussed below. Fish caught from

rivers and sold in markets are generally considered safe for consumption and not rejected for

aesthetic reasons, even though levels of faecal indicator bacteria in the waters from which they

were caught might be high and excreted pathogens might be detected, too.

Health Risks from Human Pathogens in Aquaculture

Pathogens and Their Transmission; Risk Definitions

There are about 30 excreted infections of public health importance, and many of these are of

specific importance in excreta and wastewater use schemes. However, the aquacultural (or for

this purpose also the agricultural) use of excreta and wastewater may lead to an actual public

health risk only if all of the following prerequisites concur:

(a) If an infective dose of an excreted pathogen reaches the pond or a natural water body, or if

the pathogen multiplies in an intermediate host residing in the pond or in the aquatic

environment to form an infective dose;

(b) If this infective dose reaches a human host through contacts or consumption of the

aquacultural products;

(c) If this host becomes infected; and

(d) if this infection causes disease or further transmission.

ELEVANT MICROBIOLOGICAL STUDIES

Virus Studies

Analysis of hepatitis A virus in environmental samples such as in wastewater or in fish is

extremely difficult. Evidence of its occurrence is indirect; i.e., based on the isolation of the virus

from infected persons and inferred from the occurrence of enteroviruses, such as polio-, echoand

coxsackie viruses or other enteric viruses. Feachem et al. [4] have extensively reviewed

literature on virus uptake by molluscs, such as oysters, mussels, cockles, and clams, and by

crustacea, such as crabs, lobsters, shrimps, or prawns. All bivalve molluscs are filter feeders and

concentrate pathogenic organisms from the water in their tissues. Oysters may filter up to 1,500

litres of sea water per day in looking for food. This may lead to >100 times higher concentrations

than in the surrounding waters. Crustacea, too, accumulate enteric viruses if they live in pathogen

contaminated water or if they feed on contaminated molluscs. Shellfish grown in polluted waters

pose a public health risk particularly when they are eaten raw - a common habit in many societies.

However, a residual risk remains even after cooking: 7-20 % of viruses were found to survive

stewing, frying, steaming or boiling (cited in [4]).

When common carp was exposed to water containing 7x107 bacteriophages/l 3 for 7 days,

phages were recovered from all fish organs, including muscles. Phage levels in the digestive tract

was higher than in water by a factor of 6. In water containing 3x105 phages/l, a virus

concentration which may already be considered very high, none of the organs except the

digestive tract contained phages after 30 days of exposure [17].

Viruses cannot multiply outside living cells, and it has been found that human viruses do not

multiply in fish or shellfish. Virus survival is generally prolonged at low temperatures and with the

3 Bacteriophages are viruses of bacteria and are used as indicators for viral pathogens.
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presence of particulate matter, however, die-off rates vary considerably according to the type and

strain of virus. Viruses appear to survive longer within shellfish than within contaminated water.

Enteric viruses in oysters were found to survive refrigeration for one to four months. At freezing

temperatures, 10-35 % of the viruses survived for one month or more.

Depuration of viruses from fish and shellfish is often proposed or practised prior to their

consumption. Depuration from shellfish in clean water is a mechanical process and takes place at

a rate of 2-3 orders of magnitude within 2-4 days [4, 18]. Depuration therefore would have to last

from a few days to a few weeks depending on the accumulated virus concentration in the

shellfish. Depuration works best if the shellfish are at high feeding activity with temperatures

around 20 °C and salinity > 18 ppt.

Bacterial Studies

Several studies regarding the bacterial contamination of fish reared in sewage-fed fish ponds

have been performed and are reported in the literature [19, 20, 21, 22]. An extensive review has

been published by Edwards [23]. Muscle tissue, as the edible part of the fish, is relatively safe

from the invasion of bacteria (and viruses). Invasion occurs only if the fish grow in water

containing high levels of microorganisms, among them pathogens. Buras et al. [19] report that

when fish accumulate bacteria beyond a given threshold concentration (approx. 104 tot. bacteria

or SPC/g or ml of Oreochromis aureus (tilapia) or Cyprinus carpio, (common carp), their capability

to cope with high concentrations of particles diminished and bacteria began to invade muscle

tissues and other organs. Bacterial concentrations in pond waters, which corresponded to the

threshold levels in fish, amounted between 1.0 and 5.0x106 SPC/100 ml.

CEPIS [20] investigated the hygienic quality of Oreochromis niloticus (Nile tilapia) in fish ponds

fed with maturation pond effluent of approx. 104 faecal coliforms/100 ml. FC concentrations within

the fish ponds ranged from 102 to 3.3x103 /100 ml. The fish were allowed to grow for 4-5 months.

Salmonella recovery from the fish fillets were always negative. Total coliform (TC) levels ranged

from 101 to 2x103/g per fish fillet and may indicate FC levels amounting to 100 - 102/g. Van den

Heever and Frey [22] compared the hygienic quality of catfish (Claris gariepinus)) grown in a

wastewater treatment plant effluent containing 6.3x103/100 ml faecal coliforms and 7.2x103/100

ml coliphages, with fish grown in an impounded reservoir (1.3x102 FC/100 ml and 2.6x103/100

ml, respectively). Most of the water samples from the wastewater treatment plant (pond scheme)

were Salmonella positive, however, only a small proportion of the reservoir water contained

bacteria. No faecal coliforms, Salmonella or coliphages were isolated either from the fillets of

wastewater-fed fish or from the fillets of fish grown in the “natural” water.

Depuration from fish, where bacteria and other pathogens mainly accumulate in the digestive

tract, appears to be variably effective. It is dependent on the microbial load of the fish prior to

depuration, as well as on depuration time. Muscle tissue appears to depurate more slowly than

other organs, if at all. Periods of several weeks might be required [19].

Microbiological evidence acquired to date suggests that there is little likelihood of enteric

organisms, including pathogens, invading edible fish tissues if the FC concentration in fish pond

water is < 103 per 100 ml [19]. However, even at lower microbial levels in the pond water, the fish

usually accumulate high load of microorganisms in the digestive tract and in the intraperitoneal

fluid. The public health risk of waste-fed fish may therefore be associated mainly with the potential cross-contamination of the fish fillets through high loads of microorganisms contained in other organs of the fish. Persons processing the fish may become foci of disease transmission unless they adhere to good personal and institutional hygiene.
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EPIDEMIOLOGICAL EVIDENCE

Blum and Feachem [24] reviewed the epidemiological evidence for disease transmission

associated with the aquacultural use of excreta and wastewater. There is clear epidemiological

evidence for the transmission of certain trematode (fluke) diseases, principally Clonorchis (orienta liver fluke), Fasciolopsis (giant intestinal fluke), and for Schistosoma (bilharzia).A two-year study on health assessment of nightsoil use and treatment carried out in several locations in China from 1988-90, among them Jiujian in Jiangxi Province, revealed a 10% Clonorchis prevalence in pond workers and a 35% Fasciolopsis and Schistosoma prevalence [25]. Control groups showed zero prevalence for these pathogens. Blumenthal, Abisudjak and Bennett [26] investigated the risk of diarrhoeal disease associated with excreta fertilisation of fishponds in Indonesia. The study encompassed a total of 2000 exposed and control families. Results indicate that children under 5 years are at increased risk through pond water contacts. Further to this, individuals consuming fish from the excreta-fertilised ponds but otherwise not having any pond water exposure, appear to be at an increased diarrhoeal risk, too. There is circumstantial evidence from several hepatitis

A outbreaks reported from the United States that infection was caused by the consumption of

shellfish grown in polluted waters (several authors cited in [4]). Passive carriage of pathogens by

fish or shellfish grown in waste-fed ponds must therefore be considered an important potential

transmission route.

WASTEWATER TREATMENT

In conventional sewage treatment plants, comprising sedimentation followed by biological

treatment (trickling filters or activated sludge), the removal of excreted viruses, bacteria and

parasites (protozoa and helminth eggs) is primarily by discrete settling (helminth eggs), by

entrapment in settleable flocks, or by adsorption onto settling particles (bacteria and viruses).

Most microorganisms thus concentrate in the treatment plant sludge where they survive for

varying periods of time depending on the sludge treatment applied. Virus adsorption by the

biological slime in trickling filters, and elimination by predation, are additional factors in pathogen

elimination. Retention times in conventional sewage treatment plants (≤ 24 hours) are too short

for natural die-off to play a significant role in pathogen reduction.

The effectiveness of rapid sand filtration in removing excreted pathogens depends on the kind

of pathogen. While helminth eggs and protozoal cysts are likely to be completely eliminated due

to their relatively large size (5-70 µm), the removal of bacteria and viruses is less reliable. Bacteria are from 1-10 µm and viruses from 0.001-0.1 µm in size. Fig. 3 below illustrates the % elimination of particles by deep-bed filtration as a function of particle size [27]. The diagram reveals that the removal of bacteria size particles by filtration of activated sludge effluent is 20-30 % more efficient if the process is preceded by FeCl3 coagulation (contact filtration) than with non-coagulated wastewater. Bacteria-size particles are removed by 1-2 log cycles. For virus-size particles (≤ 0.1 µm), elimination must be assumed at << 50 %; i.e., 1 log cycle or less.
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Waste stabilisation ponds are very effective in pathogen reduction. They are particularly

important in tropical and subtropical areas for the production of effluent qualities suitable for the

safe use in agriculture or aquaculture. Non-aerated ponds in these climates require a gross

surface area of approx. 3 m2 per capita. They are also widely used in temperate and cold

climates in Europe though primarily in schemes for less than 10,000 inhabitant equivalents where they require a gross area of 12-14 m2 per capita. However, there they are designed mainly to produce effluents complying with environmental discharge standards. WHO [16] in its health guidelines on wastewater use in agriculture and aquaculture recommends a faecal coliform (FC) limit of ≤ 103/100 ml (geometric mean) for irrigation of vegetables consumed uncooked.

Wastewater used in fish or macrophyte ponds should have a maximum of 103-104 FC/100 ml and an absence of eggs of flukes and tapeworms. In tropical and subtropical climates, the bacterial criterion can be satisfied with a total of 20-30 days retention. Bacteria and virus removal and inactivation is achieved by entrapment in and adsorption onto settleable particles and flocs To protect irrigation workers, wastewaters should contain less than one intestinal

nematode (such as Ascaris or hookworm) per litre (arithmetic mean). Complete helminth egg

removal is achieved within a 10-14 days retention time; i.e., by about half of the required pond

surface to meet the bacterial guidelines. According to CEPIS (1990), effluents containing ≤ 103

FC/100 ml exhibit very few if any Salmonella. There is evidence that viruses are very likely also

not found in such effluents.

MICROBIAL GUIDELINES AND STANDARDS

What Type of Barrier for Health Protection ?

There are various barriers to protect the health of consumers and workers from excreted

pathogen transmission through wastewater-fed aquaculture. They are listed according to the path

sequence of the aquacultural product:

a Minimising the level of excreted pathogens in the water where fish or plants are grown;

i.e., prescribing the microbiological water quality

b Maintaining an adequate personal and institutional hygiene during transport,

handling, processing, and marketing of the products

c Treatment for conservation of raw, unprocessed products prior to sale and

consumption, or cooking prior to consumption

Engineered wastewater-fed aquaculture is to the author’s knowledge not practised yet on a

commercial scale neither in Europe nor in North America (with the exception of the Munich

fisheries described in the introductory chapter). For the Munich fisheries, the hygienic quality of

the harvested fish is being controlled prior to sale. This is equivalent to setting a type a barrier.

Wherever the introduction of wastewater-fed aquaculture would be considered, minimum

standards for pond water quality or equivalent treatment should be made a legal requirement

(barrier type a). Evidence from microbiological studies carried out to date would suffice to provide the scientific basis for setting suitable standards. Such regulations would be a basic and

necessary condition to attain social acceptance of wastewater-fed aquaculture.

Faecal contamination both from humans and animals is omnipresent, and any fish, whether grown in or harvested from natural or aquacultural water bodies, will carry faecal indicator organisms or be potentially contaminated by excreted pathogens. Most regulatory agencies therefore do not stipulate microbiological standards for freshly caught fish, shellfish or crustacea, but specify and enforce standards for processed products. In this way; i.e., by barriers of type b and c, control can be exerted over food processing and marketing.

Guidelines

WHO [16], the Joint FAO/WHO Codex Alimentarius Commission (CAC) [31], the International

Commission on Microbiological Specifications for Food (ICMSF) (a body of the International Union of Microbiological Societies) [32], and the International Consultative Group on Food Irradiation [33] (composed of FAO, the Int. Atomic Energy Agency and WHO) have formulated guidelines which either directly relate to wastewater-fed aquaculture, to the hygienic quality of fish, shellfish or crustacea, or to the hygiene requirements in food handling and processing.

The WHO guidelines [16] formulated for wastewater use in aquaculture are based mainly on

studies and experimental wastewater-fed schemes in Israel, U.S.A., and Peru from where most of the then available data originated. Wastewater used in aquaculture should be free from flukes

(trematodes) and tapeworms (cestodes) and contain FC levels of ≤ 103-104/100 ml. ICMSF [32] and the Int. Consultative Group [33] have formulated guidelines for the microbial quality of fish products. Both organisations stipulate “acceptable” and “rejectable” levels. Table 8 lists the

proposed limits. 15

CONCLUSIONS

The pathogen transmission risk through wastewater-fed aquaculture represents a controllable

risk; i.e., pathogen loads can be reduced to acceptable levels and adequate measures adopted. A

zero risk may not be attained, however, it would neither be necessary nor feasible due to the

omnipresence of excreted pathogens and for economic reasons. Microbial requirements for

waste-fed aquacultural schemes should be compatible with background levels in natural waters,

since the harvesting of fish and other aquatic animals is generally unrestricted and socially

accepted. Wastewater treatment, adequate institutional hygiene during handling and processing

of the aquacultural products, adequate personal hygiene, food conservation treatment, and

cooking are suitable health protection measures. Through them, public health can be reliably

protected. The quality of the products from waste-fed aquaculture, such as fish, shellfish, and

crustacea, would have to comply with the hygiene regulations for food grown under “natural”

conditions.

17

REFERENCES

[1] Edwards, P. and Pullin, R.S.V., eds. (1990). Wastewater-Fed Aquaculture. Proceedings,

International Seminar on Wastewater Recycling and Reuse for Aquaculture. Calcutta, 6-9

December.

[2] Strauss, M. and Blumenthal, U.J. (1990). Human Waste Use in Agriculture and Aquaculture

- Utilization Practices and Health Perspectives. IRCWD Report 08/90. EAWAG/SANDEC,

Duebendorf, Switzerland.

[3] Prein, M. (1990). Wastewater-Fed Fish Culture in Germany. In: Wastewater-Fed

Aquaculture, Proceedings of the International Seminar on Wastewater Reclamation and

Reuse for Aquaculture, Calcutta, India, 6-9 December, 1988.

[4] Feachem, R.G., Bradley, D.J., Garelick, H., Mara, D.D. (1983). Sanitation and Disease -

Health Aspects of Excreta and Wastewater Management. John Wiley & Sons.

[5] Schwartzbrod, L. (1991). Virus et milieux hydriques. In: Virologie des milieux hydriques.

Schwartzbrod, L., ed. Tech. et Doc., Paris (in French).

[6] CEPIS (1990). Health Risk Evaluation Due to Wastewater Use in Agriculture. Panamerican

Centre for Sanitary Engineering and Environmental Sciences, Lima, Perú.

[7] Akin, E., Jakubowski, W., Lucas, J.B., Pahren, H.R. (1978). Health Hazards Associated with

Wastewater Effluents and Sludge: Microbiological Considerations. In: Proceedings of the

Conference on Risk Assessment and Health Effects of Land Application if Municipal

Wastewater and Sludges, Sagig and Sorber, eds.. Center for Applied Research and

Technology, The University of Texas at San Antonio, San Antonio, Texas 78285.

[8] U.S. Environmental Protection Agency (1992). Guidelines for Water Reuse. EPA/625/R-

92/004. Technology Transfer Manual.

[9] Asano, T. and Mujeriego, R. (1998). Ptretreatment for Wastewater Reclamation and Reuse.

In: Pretreatment in Chemical Water and Wastewater Treatment. Springer, Berlin and

Heidelberg.

[10] Schwartzbrod, J. (1994, 1995). Personal communications.

[11] Al Salem, S.S. and Tarazi, H.M. (1989). Wastewater Reuse and Helminths Infestation in

Jordan: A Case Study. In: Regional Seminar on Reuse of Treated Effluents. WHO/CEHA,

Amman, Jordan.

[12] World Health Organization (WHO)/United Nations Environment Programme (UNEP) (1987).

Global Pollution and Health. Results of Health-Related Environmental Monitoring.. GEMS,

Global Environmental Monitoring System. Geneva.

[13] Cantonal Laboratory Zurich (1995). Personal communication.

[14] Rao, S.N., Chaubey, R., Srinivasan, K.V. (1990). Ganga Water Quality in Bihar. Indian

Journal of Environmental Health, 32, 2, 393-400.

[15] Strauss, M. (1985). Health Aspects of Nightsoil and Sludge Use in Agriculture and

Aquaculture - Part III:: Pathogen Survival. IRCWD Report no. 04/85 (International Reference

Centre for Waste Disposal, CH-8600 Duebendorf, Switzerland).

[16] World Health Organization (WHO) (1989). Health Guidelines for the Use of Wastewater in

Agriculture and Aquaculture. Report of a WHO Scientific Group, WHO Technical Report

Series 778.

[17] Buras, N., Hepher, B., Sandbank, E. (1982). Public Health Aspects of Fish Culture in

Wastewater. IDRC, International Development Research Centre, Ottawa, Canada.

[18] Mann, R., Vaughn, J.M., Landry, E.F., Taylor, R.E. (1979). Uptake of Heavy Metals, Organic

Trace Contaminants and Viruses by the Japanese Oyster, Crassostrea Gigas, Grown in a

Waste Recycling Aquaculture System. Woods Hole Oceanographic Institution Technical

Report WHO/-79-50.

[19] Buras, N., Duek, L., Niv, S., Hepher, B., Sandbank, E. (1987). Microbiological Aspects of

Fish Grown in Treated Wastewater. Water Research, 21, 1, 1-10.

[20] CEPIS (1991). Reuso en Acuicultura de las Aguas Residuales Tratadas en Las Lagunas de

Estabilización de San Juan. Centro Panamericano de Ingeniería Sanitaria y Ciencias del

Ambiente, Lima, Perú (in Spanish)

18

[21] Hejkal, T.W., Gerba, C.P., Henderson, S., Freeze, M. (1983). Bacteriological, Virological

and Chemical Evaluation of a Wastewater-Aquaculture System. Water Research, 17, 1749-

1755.

[22] Van den Heever, D.J. and Frey, B.J. (1994). Microbiological Quality of the Catfish (Clarias

gariepinus) Kept in Treated Wastewater and Natural Dam Water. Water SA, 20, 2, 113-118.

[23] Edwards, P. (1992). Reuse of Human Wastes in Aquaculture - A Technical Review. UNDPWorld

Bank Water & Sanitation Program.The World Bank, Washington, D.C., U.S.A..

[24] Blum, D. and Feachem, R.G. (1985). Health Aspects of Nightsoil and Sludge Use in

Agriculture and Aquaculture - Part III: An Epidemiological Perspective. IRCWD Report No.

05/85 (International Reference Centre for Waste Disposal, CH-8600 Duebendorf,

Switzerland).

[25] Niu, S. and Ling, B. (1991). Health Assessment of Nightsoil and Wastewater Reuse in

Agriculture and Aquaculture (Final Report, WHO Technical Services Agreement

WP/ICP7RUD7001/RB/88-310). Chinese Academy of Preventive Medicine, Institute of

Environmental Health and Engineering.

[26] Blumenthal, U.J., Abisudjak, B., Bennett, S. (1991). The Risk of Diarroeal Disease

Associated with the Use of Excreta in Aquaculture in Indonesia, and Evaluation of

Microbiological Guidelines for Use of Human Wastes in Aquaculture. In: Proceedings, The

Third Conference of the International Society for Environmental Epidemiology, Jerusalem,

11-15 August, 1991.

[27] Boller, M. (1989). Verfahrenstechnik der Chemischen Phosphor-Elimination. Chem.-Ing.-

Tech., MS 1810/89 (in German).

[28] Wehrli, M. (1995). Personal communication.

[29] Mara. D.D. and Cairncross, S. (1989). Guidelines for the Safe Use of Wastewater and

Excreta in Agriculture and Aquaculture. (WHO Geneva).

[30] Züst, B. (1995). Personal communication. Zentrum für Angewandte Oekologie, Schattweid,

Switzerland.

[31] FAO/WHO Codex Alimentarius Commission (CAC) (1994). Proposed Draft Code of Hygiene

Practice for the Products of Aquaculture. Codex Committee on Fish and Fishery Products,

21st Session, 2-6 May, Bergen, Norqay.

[32] ICMSF (1995). Sampling for Microbiological Analysis: Principles and Specific Applications.

In: Micro-Organisms in Food (chapt. 2). The International Commission on Microbiological

Specifications for Food. Blackwell Scientific Publications.

[33] International Consultative Group on Food Irradiation (1989). Consultation on Microbiological

Criteria for Foods to be Further Processed Including Irradiation, 29 May - 2 June 1989,

WHO, Geneva.

[34] European Commission (1978). Directive 78/659/CEE. Published in: Journal officiel des

Communautés européennes, no. L 222/1, 14 August 1978.

[35] European Commission (1991). Directive 91/492/CEE. Personal communication by

H.Belvèze, Législation Vétérinaire et Zootechnique, Direction Générale de l’Agriculture.

[36] Norrberg (1995). Personal communication.

[37] Swiss Federal Department of Health (1995). Verordnung über die Hygienisch-

Mikrobiologischen Anforderungen an Lebensmittel, Gebrauchsgegenstände, Räume,

Einrichtungen und Personal. (Hygiene ordinance). In German.
http://aqua.tvrl.lth.se/International_Conference_Papers.htm

International Conference Proc. Papers, (1999)
Zhu K., Zhang, L. and Jiang X. (1999) Some Thoughts on China's Water Problems and Recommended Measures. Proc. of Intern. Workshop on Water Resources, Soil-Environmental Protection and Treatment Technology. Lanzhou, Oct. 14-15, 1999, Bayi Press Lanzhou, China, 11-21.

Zhu K., Chen H. and Zhang, L. (1999) Wastewater Treatment and Reuse through Natural Treatment System in Northern China, Proc. 7th IAWQ Asian-Pacific Regional Conf., Oct.18-20, 1999, Taipei, Taiwan, 95-100. 

International Conference Proc. Papers, (1998)
Tamaddon, F. (1998) Characterization and co-incineration of waste in a paper mill,a case study, Proc. 14th Intern. Conf. on Solid Waste Technology and Management, Philadelphia, PA USA, 1-4 Nov. 1998, 387-395.
Zhu K. and Zhang, L., (1998) Wastewater treatment and reuse through natural treatment systems, Proc. 4th Intern. Symp. and Exhibition on Environmental Contamination in Central and Eastern Europe, Warsaw, 7pp.
International Conference Proc. Papers, (1997)

Bengtsson, L. (1997) Landfill water balance in humid climate. Proc. Latin American Swedish Seminar on Waste Management, Ecourbs’95 and Environtech’95, Rio de Janeiro, June 1995, 71-76.
Bengtsson, L. and W. Hogland (1997) In-situ remediation. Proc. Latin American Swedish Seminar on Waste Management, Ecourbs’95 and Environtech’95, Rio de Janeiro, June 1995, 197-200.
Gomes, M.M. (1997) Solid Waste Management in The Guanabara Bay Clean-up Programme. Proc. Latin American Swedish Seminar on Waste Management, Environtech '95. Rio de Janeiro, Brazil, 20-21 June, 1995, 119-126.
Hjorth P. (1997) Report from the Working Group on Spatial Planning (in Swedish). In: Samspelet Mark-Vatten-Miljö (Interactions between Land-Water-Environment). Report 97:1. The Swedish Council for Planning and Coordination of Research, Stockholm, 1997. 112-115.
Hogland, W. and Gomes, M. M. (1997) Landfilling in Sweden. Proc. 2nd Intern. Symp. on Waste Disposal, June 18-20, 1997, Salvador-Bahia, Brazil, 18pp.
Hogland, W. (1997) Landfill Methods. Proc. Latin American Swedish Seminar on Waste Management, Environtech '95. Rio de Janeiro, Brazil, 20-21 June, 1995, 45-56.
Niemczynowicz, J. (1997) Recent Trends in Urban Water Management Towards Sustainable  Solutions, Proc. Intern. Workshop and Inaugural Meeting of UNESCO Center for Humid Tropics, Kuala Lumpur, Malaysia 12-14, Nov. 1997, 15-30.
Niemczynowicz, J. (1997) New Concepts in Urban Water Management, Proc. Intern.  Seminar on Wastewater Management, 5-7 Nov., Kalmar, Sweden.1-7.
International Conference Proc. Papers, (1996)

Niemczynowicz, J. (1996) Megacities and their water problems. The Intern. Environmental Policy Analysis Newsletter. April 1996, 2-3.
International Conference Proc. Papers, (1995)

Hjorth P. (1995) Urban Water Management - Coping with the Complexity of the Urban Environment. Proc. Integrated Water Management in Urban Areas. Intern. UNESCO-IHP Symp., Lund Sept. 26-30, 1995, 13pp.
Johansson, P., Pernrup, M. and Rångeby, M. (1995) Low-cost upgrading of an over-sized waste water stabilisation pond system in Mindelo, Cape Verde. Proc. Intern. Conf. IAWQ: Waste Stabilisation Ponds, 26 - 31 March, 1995, Brazil.
Niemczynowicz, J. (1995) Challenge of matching old and new thinking in water management in urban areas. Proc. Intern. Stockholm Water Symp., 13-18 Aug.1995, Abstracts, 105-106.
Niemczynowicz, J. (1995) Challenges and interactions in water future. Proc. Intern. UNESCO Symp. on Integrated Water Management in Urban Areas, Lund, 26-30 Sept., Lund, Sweden, 1-10.
Niemczynowicz, J. (1995) Ecologically sound water management in urban areas. Proc. CD-ROM of ECOTECH'94 Proc Intern. Computer Conf., pos.2. Invited paper.
Niemczynowicz, J. (1995) Necessity of integration of urban water management with management of societies. Proc. 2nd Intern. Conf. Ecological Engineering for Wastewater Treatment, Waedensvill, 18-22 September, Intern. Proc. (in press).
International Conference Proc. Papers, (1993)

Niemczynowicz J. (1993) Integrated water management - background to the modern approach (with two examples). Proc. Int Conf. Integrated Stormwater Management, July 1991, Singapore. CRC Press, Florida, USA, 43-55.
Niemczynowicz J. (1993) Urban growth and pollution control - a problem of communication. Proc. Intern. Conf. Hydrotop 92, Colloque La Ville et L´eau, Marseille.
Niemczynowicz, J. (1993) Integrated water pollution management - demonstration project in Poland. Proc. 6th Intern. Conf. Urban Storm Drainage, Niagara Falls, Canada, 12-17 Sept. (Eds. J. Marsalek and H. Torno), 1715-1720.
Niemczynowicz, J. (1993) On the theory and practice in present and future water management. Proc. Intern. Conf. on Environmentally Sound Water Resources Utilization, Bangkok, Thailand, 8-11 November 1993, Vol. 1, 1-19.
Niemczynowicz, J. (1993) Water management and ecotechnology - a global perspective. Proc. Intern. Conf. Sustainable Water Systems and Ecotechnology, Murdoch Univ. and Western Australia Water Authority, Perth, Australia, 1-24.
Niemczynowicz, J. (1993) Ways to overcome barriers against application of the new technical paradigm in cities. Proc. Intern. Workshop the Role of Water in Urban Planning, Hydropolis, March 29th-April 2nd, 1993 Wageningen, The Netherlands, 1-11.
Niemczynowicz, J. (1993) Can hydrological modeling meet changing objectives of the society in urban areas. Proc. Conf. Adv. in Hydroscience and Engineering, June 7-11, Washington, DC, Univ. Mississippi edition, 442-450.
International Conference Proc. Papers, (1992)

Berndtsson, R., Bahri A. and Jinno, K. (1992) Spatial variability of heavy metals in soils and crops due to sludge-amendment; Some preliminary results, Proc. 36th Japan Hydraul. Conf., Tokyo, 429-434.
 

PAGE  
1

