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Foreword

These Guidelines form the main output of a project on health hazards
of reuse of waste, which has been executed by the World Health
Organization and financed by the United Nations Environment
Programme. The overall objective of the project and of these
Guidelines is to encourage the safe use of treated wastewater and
excreta-derived products for agriculture and aquaculture in such a
way as to protect the health of workers and consumers.

The Guidelines are intended for planners and decision-makers in
Ministries of Health, Water and Agriculture and other government
agencies and for consulting engineers concerned with the use of
wastewater and excreta-derived products for agriculture and aqua-
culture. The guidance provided is aimed at controlling the transmis-
sion of communicable diseases. The discussion of health risks is thus
limited to microbiological contamination, and chemical pollution is
not included.

The suggested quality criteria for the safe use of wastewater in
agriculture and aquaculture consist of a re-evaluation of the guide-
lines proposed by a group of experts in 1973 (WHO Technical
Report Series, No. 517). Progress in applied research and wider
experience in a number of countries have shown that limits on the
presence of viable ova of parasitic helminths are necessary to
safeguard public health. On the other hand, it has also been shown
that the quality criterion for faecal coliforms could be relaxed
without creating an unacceptable risk to the exposed population.
Revised quality criteria are based on epidemiological evidence of
actual risks to public health, rather than on potential hazards
indicated by the survival of pathogens on crops and in soil.

These Guidelines were prepared by Professor Duncan Mara,
University of Leeds, and Dr Sandy Cairncross, LLondon School of
Hygiene and Tropical Medicine. The case materials presented in the
document are largely based on reports from Dr Martin Strauss,
International Reference Centre for Waste Disposal, Diibendorf, and
Dr Ursula Blumenthal, London School of Hygiene and Tropical
Medicine; from World Bank Technical Paper No. 51, “Wastewater
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irrigation in developing countries: health effects and technical solu-
tions”, by Professor Hillel Shuval and colleagues at the Hebrew
University of Jerusalem; and from the proceedings of the FAO
Seminar on ‘“Treatment and reuse of sewage effluents for irrigation”
held in Cyprus in 1985.

The draft Guidelines were reviewed by a group of experts at the
Second Project Meeting on the Safe Use of Human Wastes in
Agriculture and Aquaculture in Adelboden, Switzerland, in June
1987. The meeting was organized by the International Reference
Centre for Waste Disposal and WHO with financial support from the
United Nations Environment Programme. The participants in the
meeting are listed below.

Participants

Dr Bakir Abisudjak Panjadjaran University, Bandung, Indonesia.

Dr Humberto Romero-Alvarez Secretariat of Agriculture and
Hydraulic Resources, Mexico City, Mexico.

Dr Abdullah Arar Food and Agriculture Organization of the
United Nations, Rome, Italy.

Mr Sadok Attallah Ministry of Public Health, Tunis, Tunisia.

Dr Carl Bartone World Bank, Washington, DC, USA.

Dr Eduardo Bauer Water Supply and Sanitation Service, Lima,
Peru.

Dr Asit Biswas International Society for Ecological Modelling,
Oxford, England.

Dr Ursula Blumenthal London School of Hygiene and Tropical
Medicine, London, England.

Dr Armando Caceres Centre for Mesoamerican Studies on Ap-
propriate Technology, Guatemala City, Guatemala.

Dr Sandy Cairncross London School of Hygiene and Tropical
Medicine, London, England.

Dr Paul Guo WHO Western Pacific Regional Centre for the
Promotion of Environmental Planning and Applied Studies,
Kuala Lumpur, Malaysia.

Dr Ivanildo Hespanhol World Health Organization, Geneva,
Switzerland.

Mr John Kalbermatten Kalbermatten Associates, Washington,
DC, USA.

Professor Duncan Mara University of Leeds, Leeds, England.

Professor Warren Pescod University of Newcastle-upon-Tyne,
Newcastle-upon-Tyne, England.
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Ms Silvie Peter International Reference Centre for Waste Dis-
posal, Diibendorf, Switzerland.

Dr André Prost World Health Organization, Geneva, Switzerland.

Dr Alex Redekopp International Development Research Centre,
Ottawa, Canada.

Dr Roland Schertenlieb (Chairman) International Reference
Centre for Waste Disposal, Diibendorf, Switzerland.

Dr Donald Sharp International Development Research Centre,
Ottawa, Canada.

Professor Hillel Shuval Hebrew University of Jerusalem, Jerus-
alem, Israel.
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Guidelines for the safe use of wastewater and
excreta in agriculture and aquaculture:

Measures for public health protection

Executive Summary

Introduction

The overall objective of these Guidelines is to encourage the safe use
of wastewater and excreta in agriculture and aquaculture in a manner
that protects the health of the workers involved and of the public at
large. In this context ‘“‘wastewater’’ refers to domestic sewage and
municipal wastewaters that do not contain substantial quantities of
industrial effluent; ‘“‘excreta’ refers to nightsoil and to excreta-
derived products such as sludge and septage. Health protection
considerations will generally require that some treatment be applied
to these wastes to remove pathogenic organisms. Other health
protection measures are also considered, including crop restriction,
waste application techniques and human exposure control.

The Guidelines are addressed primarily to senior professionals in
the various sectors relevant to wastes reuse, and aim to prevent
transmission of communicable diseases while optimizing resource
conservation and waste recycling. Emphasis is therefore on control
of microbiological contamination rather than on avoidance of the
health hazards of chemical pollution, which is of only minor import-
ance in the reuse of domestic wastes and is adequately covered in
other publications. Purely agricultural aspects are considered only in
so far as they are relevant to health protection.

Hygiene standards applied to wastes reuse in the past, based solely
on potential pathogen survival, have been stricter than necessary. A
meeting of sanitary engineers, epidemiologists and social scientists,
convened by the World Health Organization, the World Bank and
the International Reference Centre for Waste Disposal and held in
Engelberg, Switzerland, in 1985, proposed a more realistic approach
to the use of treated wastewater and excreta, based on the best and
most recent epidemiological evidence. The recommendations of
the resulting Engelberg Report have formed the basis for these
Guidelines.




Safe use of wastewater and excreta

Scope

Sections 2 and 3 of the Guidelines review the history and benefits of
wastes reuse and cite examples of existing practices in various parts
of the world. Public health aspects, including the practical implica-
tions of recent epidemiological advances, are introduced in Section
4, and sociocultural factors are considered in Section 5. Section 6
discusses environmental protection and enhancement through
wastes reuse. Feasible and appropriate control measures for public
health protection are comprehensively reviewed in Section 7, and the
institutional, legal and financial aspects of project planning and
implementation are discussed in Section 8.

Human wastes as a resource

Human wastes are a widely used resource in many parts of the world.
The Guidelines concentrate on the following three practices, which
are the most common:

» use of wastewater for crop irrigation;

 use of excreta for soil fertilization and soil structure improve-
ment;

» use of wastewater and excreta in aquaculture.

Wastewater use in agriculture

In the past two decades there has been a notable increase in the use of
wastewater for crop irrigation, especially in arid and seasonally arid
areas of both industrialized and developing countries. This has
occurred as a result of several factors:

« the increasing scarcity of alternative waters for irrigation, exacer-
bated by increasing urban demand for potable water supplies, and
the growing recognition by water resource planners of the
importance and value of wastewater reuse;

+ the high cost of artificial fertilizers and the recognition of the
value of nutrients in wastewater, which significantly increase crop
yield;

» the demonstration that health risks and soil damage are minimal if
the necessary precautions are taken;
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Executive summary

« the high cost of advanced wastewater treatment plants; and
« the sociocultural acceptance of the practice.

Normal domestic and municipal wastewater is composed of 99%,
water and 0.19, suspended, colloidal and dissolved solids — organic
and inorganic compounds, including macronutrients such as
nitrogen, phosphorus and potassium as well as essential micro-
nutrients. Industrial effluents may add toxic compounds, but not in
detrimental quantities, and only the boron sensitivity of the crop
being irrigated needs consideration. The application rate of waste-
water is calculated in the same way as for freshwater irrigation, with
due regard to evapotranspiration demand, leaching requirements
and salinity and sodicity control.

Excreta use in agriculture

The ancient practice of applying human excreta to the land has
maintained soil fertility in many countries of Eastern Asia and the
Western Pacific for over 4000 years, and remains the only agricul-
tural use option in areas without sewerage facilities. Most house-
holds in developing countries will continue to lack sewerage systems
in the foreseeable future; emphasis should therefore be placed on
establishing on-site sanitation systems that readily permit the safe
use of stored excreta—for example, alternating twin-pit or pour-
flush latrines and compost toilets.

Each person typically produces 1.8 litres of excreta daily; this
comprises 350 grams of dry solids, including 90 grams of organic
matter, 20 grams of nitrogen, plus other nutrients —mainly phos-
phorus and potassium. Excreta treatment not only destroys patho-
genic microorganisms but also converts these nutrients to forms
more readily usable by crops and stabilizes the organic matter,
producing a better soil conditioner. Excreta and excreta-derived
products are generally applied to the land before planting at annual
rates of 5-30 tonnes per hectare (t/ha) (10 t/ha = 1 kg/m?).

Excreta and wastewater use in aquaculture

Aquaculture refers to the ancient practices of fish culture, notably of
carp and tilapia, and the growing of aquatic crops, such as water
spinach, water chestnut, water calthrop and lotus. Fertilization of
aquaculture ponds with human and animal wastes has been practised
for thousands of years in Asia; today at least two-thirds of the world
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(b) the infective dose reaches a human host;
(c) the host becomes infected; and
(d) the infection causes disease or further transmission.

If (d) does not occur, then (a), (b) and (c) can pose only potential risks
to public health. Moreover, if this sequence of events is broken at any
point, the potential risks cannot combine to constitute an actual risk.

It is now possible to design and implement schemes for human
wastes reuse that pose no risk to public health, but this requires an
understanding of the epidemiology of the infections in relation to
wastes reuse. In this way, adequate standards for the microbiological
quality of excreta and wastewater intended for reuse can be estab-
lished and public health properly protected.

Epidemiological evidence

The actual public health importance of excreta or wastewater reuse
can be assessed only by an epidemiological study of the particular
practice to determine whether it results in measurably greater
incidence or prevalence of disease, or intensity of infection, than
occurs in its absence. Such studies are methodologically difficult,
and there have been only a few well designed epidemiological studies
on human wastes reuse; more evidence is available about wastewater
irrigation than about excreta use in agriculture or about aquacultural
use.

Wastewater irrigation. A recent World Bank report (Technical
Paper No. 51) reviewed all available epidemiological studies on
wastewater irrigation and concluded that:

» Crop irrigation with untreated wastewater causes significant
excess intestinal nematode infection in crop consumers and field
workers. Field workers, especially those who work barefoot, are
likely to have more intense infections, particularly with hook-
worms, than those not working in wastewater-irrigated fields.

» Irrigation with adequately treated wastewater does not lead to
excess intestinal nematode infection in field workers or crop
consumers.




Safe use of wastewater and excreta

Cholera, and probably typhoid, can be effectively transmitted by
irrigation of vegetable crops with untreated wastewater.

Cattle grazing on pasture irrigated with raw wastewater may
become infected with beef tapeworm, but there is little evidence
of actual risks to humans.

There is limited evidence that the health of people living near
fields irrigated with raw wastewater is negatively affected, either
directly by contact with the soil or indirectly by contact with farm
workers. In communities with high standards of personal hygiene
any negative effects are generally restricted to an excess incidence
of benign, often viral, gastroenteritis, although there may also be
an excess of bacterial infections.

Sprinkler irrigation with treated wastewater may promote aerosol
transmission of excreted viruses, but this is likely to be rare in
practice because most people have normally high levels of
immunity to endemic viral diseases.

It is clear that, when untreated wastewater is used to irrigate crops,

there is a high actual health risk from intestinal nematodes and
bacteria but little or no risk from viruses. Thus, treatment of
wastewater is a highly effective method of safeguarding public
health.

Excreta use in agriculture. A recent report (No. 05/85) published
by the International Reference Centre for Waste Disposal reviewed
epidemiological evidence on the agricultural use of excreta and
concluded that:

Crop fertilization with untreated excreta causes significant
excess intestinal nematode infection in crop consumers and field
workers.

There is evidence that excreta treatment can reduce the transmis-
sion of nematode infection.

Excreta fertilization of rice paddies may lead to excess schisto-
somiasis infection among rice farmers.

Cattle may become infected with tapeworm but are unlikely to
contract salmonellosis.
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Aquacultural use. The IRCWD report also reviewed evidence for
disease transmission associated with aquacultural use of excreta and
wastewater; its findings were less conclusive than those concerning
agricultural use because of the limited quantity and quality of
available data.

Clear epidemiological evidence exists for the transmission of
certain trematode diseases, principally those caused by Clonorchis
(oriental liver fluke) and Fasciolopsis (giant intestinal fluke), but not
for transmission of schistosomiasis (bilharzia), which is none the less
a major potential risk to those who work in excreta-fertilized ponds.
There was no conclusive evidence for bacterial disease transmission
by passive transference of the pathogens by fish and aquatic veg-
etables, although this too remains a potential risk.

Microbiological quality criteria

Experts attending the First Project Meeting on the Safe Use of
Human Wastes in Agriculture and Aquaculture, in Engelberg,
Switzerland, in 1985, reviewed epidemiological evidence concerning
the agricultural use of human wastes and formulated the Engelberg
Guidelines for the microbiological quality of treated wastewater
intended for crop irrigation. Those guidelines recommend that
treated wastewater should contain:

» <1 viable intestinal nematode egg per litre (on an arithmetic
mean basis) for restricted or unrestricted irrigation; and

» <1000 faecal coliform bacteria per 100 millilitres (on a geometric
mean basis) for unrestricted irrigation.

Unrestricted irrigation refers to irrigation of trees, fodder and
industrial crops, fruit trees and pasture, and restricted irrigation to
irrigation of edible crops, sports fields and public parks.

The guidelines are also applicable to agricultural use if the excreta,
in the form of liquid nightsoil for example, is applied to the field
while crops are growing.

The intestinal nematode egg guideline value is designed to protect
the health of both field workers and crop consumers and represents a
high degree of egg removal from the wastewater (>999%,). The faecal
coliform guideline value is less stringent than earlier recommenda-
tions, but is in accord with modern standards for bathing waters, for
example, and more than adequate to protect the health of consumers.
Effluents complying with both guideline values can be simply and
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reliably produced by treatment in a well designed series of waste
stabilization ponds.

Guidelines for the microbiological quality of treated excreta and
wastewater for aquacultural use were developed at the Second
Project Meeting held in Adelboden, Switzerland, in June 1987.
These recommend zero viable trematode eggs per litre or per
kilogram (on an arithmetic mean basis), and less than 10000 faecal
coliform bacteria per 100 millilitres or 100 grams (on a geometric
mean basis). Such a stringent trematode guideline is necessary as
these pathogens multiply very greatly in their first intermediate
aquatic host. The value for faecal coliforms assumes a 909, reduction
of these bacteria in the pond, so that fish and aquatic vegetables are
not exposed to more than 1000 faecal coliforms per 100 millilitres.

Sociocultural aspects

Human behavioural patterns are a key determinant in the transmis-
sion of excreta-related diseases. The social feasibility of changing
certain behavioural patterns in order to introduce excreta or waste-
water use schemes, or to reduce disease transmission in existing
schemes, can be assessed only with a prior understanding of the
cultural significance of practices that appear to be social preferences
yet which facilitate disease transmission. Cultural beliefs vary so
widely in different parts of the world that it is not possible to assume
that excreta or wastewater use practices that have evolved in one area
can readily be transferred to another. A thorough assessment of the
local sociocultural context is always necessary during the project
planning stage, otherwise the project may be confidently expected to
fail.

Environmental aspects

Properly planned and managed excreta and wastewater use schemes
can have a positive environmental impact, as well as increasing
agricultural and aquacultural yields. Environmental improvement
results from several factors, including:

e Avoidance of surface water pollution, which occurs if unused
wastewaters are discharged into rivers or lakes. Major pollution
problems such as dissolved oxygen depletion, eutrophication,
foaming and fish kills can be avoided.

8
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. Conservation or more rational usage of freshwater resources,
especially in arid and semi-arid areas: fresh water for urban
demand, wastewater for agriculture.

« Reduced requirements for artificial fertilizers, with a concomitant
reduction in energy expenditure and industrial pollution else-
where.

« Soil conservation through humus build-up and prevention of
land erosion.

« Desertification control and desert reclamation through irrigation
and fertilization of tree belts.

« Improved urban amenity through irrigation and fertilization of
green spaces for recreation and visual appeal.

Soil and groundwater pollution are potential disadvantages of the
agricultural use of excreta and wastewater which can be minimized
by scientifically sound planning and effective management of irriga-
tion and fertilization regimes.

Technical options for health protection

Available measures for health protection can be grouped under four
main headings:

treatment of waste;

crop restriction;

waste application methods;

control of human exposure.

It will often be desirable to apply a combination of several
methods. The technical factors affecting each option are considered.

Waste treatment

The degree of pathogen removal by a waste treatment process is best
expressed in terms of log,, units. The Engelberg quality guideline
for unrestricted irrigation requires a bacterial reduction of at least
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