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The United Mations General Assembly (2000) adopted the Millennium Development
Goals (MDGs) on 8 September 2000, The MDGs that are most directly related to the
use of wastewater and excreta in aquaculture are “Goal 1: Eliminate extreme poverty
and hunger,” as fish raised in waste-fed systems is a main source of protein in many
parts of Asia; and “Goal 7: Ensure environmental sustainability.” The use ol
wastewater and excreta in aquaculture can help communities to grow more food and
make use of precious water and nutrient resources. However, it should be done safely
to maximize public health gains and environmental benefits,

To protect public health and facilitate the rational use of wastewater and excreta in
agriculture and aquaculture, in 1973 the World Health Organization {(WHO)
developed guidelines for wastewater use in agriculture and aquaculture under the title
Reuse of effluenis: Methods of wastewaier treatmeni and health safeguards (WHO,
1973). After a thorough review of epidemiological studies and other information, the
guidelines were updated in 1989 as Health guidelines for the wse of wastewaier in
agriculture and aguaculture (WHOQ, 1989). These guidelines have been very
influential, and many countries have adopted or adapted them for their wastewater and
excreta use practices.

Wastewaler and excreta use in aquaculture is increasingly considered a method
combining water and nutrient recycling, increased household food security and
improved nutrition for poor households. Recent interest in wastewater and excrela use
in aquaculture has been driven by water scarcity, lack of availability of nutrients and
concerns about health and environmental effects. It was necessary to update the
guidelines to take into account recent scientific evidence concerning pathogens,
chemicals and other factors, including changes in population characteristics, changes
in sanitation practices, better methods for evaluating nisk, social/equity issues and
socioculiural practices. There was a particular need to conduct a review of both risk
assessment and epidemiological data.

In order to better package the guidelines for appropriate audiences, the third
edition of the Guidelines for the safe use of wastewater, excreta and grevwater s
presented in four separate volumes: Foluwme I Policy and regulatory aspects; Volume
2: Wastewater wse in agriculture; Volume 3: Wastewarer and excreta use in
aguaculture; and Volume 4: Excreta and greywater use in agriculture.

WHO water-related guidelines are based on scientific consensus and best
available evidence and are developed through broad participation. The Guidelines for
the safe use of wastewater, excreta and grevwater are designed to protect the health of
farmers {and their families), local communities and product consumers. They are
meant to be adapted to take into consideration national sociocultural, economic and
environmental factors. Where the Guidelines relate to technical issues — for example,
wastewater treatment — technologies that are readily available and achievable (from
both technical and economic standpoints) are explicitly noted, but others are not
excluded. Overly strict standards may not be sustainable and, paradoxically, may lead
Lo reduced health protection, because they may be viewed as unachievable under local
circumstances and, thus, ignored. The Guidelines therefore strive to maximize overall
public health benefits and the beneficial use of scarce resources.

Following an expert meeting in Stockholm, Sweden, WHO published Warer
quality: Guidelines, standards and health — Assessment of visk and risk management

Jor water-related infections disease (Fewtrell & Bartram, 2001). This document
presents a harmonized framework for the development of guidelines and standards for
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water-related microbial hazards. This framework involves the assessment of health
risks prior lo the setting of health targets, defining basic control approaches and
evaluating the impact of these combined approaches on public health status. The
framework is lexible and allows countries to take into consideration health risks that
may result from microbial exposures through drinking-water or contact with
recreational or occupational water. It is important that health risks from the use of
wastewater in aguaculture be put into the context of the overall burden of disease
within a given population.

This volume of the Guidelines for the safe wse of wastewater, excreta and
greywater provides information on the assessment and management of risks
associated with microbial hazards and toxic chemicals. It explains reguirements to
promote the safe use of wastewater and excreta in aguaculture, including minimum
procedures and specific health-based targets, and how those requirements are intended
to be used. This volume also describes the approaches used in deriving the guidelines,
including health-based targets, and includes a substantive revision of approaches to
ensuring microbial safety — especially with respect to foodborne trematode parasites.

This edition of the Guidelines supersedes previous editions (1973 and 1989). The
CGuidelines are recognized as representing the position of the United Nations system
on issues of wastewater, excreta and greywater use and health by “UN-Water,” the
coordinating body of the 24 United Nations ageneies and programmes concerned with
water issues. This edition of the Guidelines further develops concepts, approaches and
information in previous editions and includes additional information on:

*  the context of overall waterbome discase burden in a population and how the
use of wastewater and excreta in aquaculture may contribute to that burden;

*  the Stockholm Framework for development of water-related guidelines and the
setting of health-based targets;

*  risk analysis;

= risk management strategies, including expanded sections on foodborne
trematode parasites;

+  chemicals;

* cuideline implementation strategies.

The revised Guidelines will be useful to all those concerned with issues relating to
the safe use of wastewater, excreta and greywater, public health and water and waste
management, including environmental and public health scientists, educators,
researchers, engineers, policy-makers and those responsible for developing standards
and regulations,
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This volume of the World Health Organization’s (WHO) Guidelines for the safe use
of wastewaier, excreta and greywater describes the present state of knowledge
regarding the impact of waste-fed aguaculiure on the health of product consumers,
workers and their families and local communities, Health hazards are identified for
each group at risk, and appropriate health protection measures to mitigate the risks are
discussed,

The primary aim of the Guidelines is to maximize public health protection and the
beneficial use of important resources, The purpose of this volume is to ensure that
waste-fed aquacultural activities are made as safe as possible so that the nutritional
and household food security benefits can be shared widely in affected communities,
Thus, the adverse health impacts of waste-fed aguaculture should be carefully
weighed against the benefits to health and the environment associated with these
practices. Yet this is not a matier of simple trade-offs. Wherever waste-fed
aquaculture contributes significantly to food security and nutritional status, the point
is to identify associated hazards, define the risks they represent to vulnerable groups
and design measures aimed at reducing these risks

This volume of the Guidelines is intended to be used as the basis for the
development of international and national approaches (including standards and
regulations) to managing the health risks from hazards associated with waste-fed
aguaculture, as well as providing a framework for national and local decision-making.
The information provided is applicable to intentional waste-fed aquacultural practices
but also should be relevant to the unintentional use of faecally contaminated waters
for aquaculiure,

The Guidelines provide an integrated preventive management framework for
safety applied from the point of waste generation to the consumption of products
grown with the wastewater and excreta. They describe reasonable minimum
requirements of good practice to protect the health of the people using wastewater or
excreta, or consuming products grown with wastewater or excreta and provide
information that is then used to derive health-based targets. Neither the minimum
good practices nor the health-based targets are mandatory limits. The preferred
approaches adopted by national or local authorities towards implementation of the
Guidelines, including health-based targets, may vary depending on local social,
cultural, environmental and economic conditions, as well as knowledge of routes of
exposure, the nature and severity of hazards and the effectiveness of health protection
measures available.

The revised Guidelines for the safe use of wastewater, excreta and greywater will
be useful o all those concerned with issues relating Lo the safe use of wastewater,
excreta and greywater, public health, water resources development and wastewater
management. The target audience may include environmental and public health
scientists, educators, researchers, engineers, policy-makers and those responsible for
developing standards and regulations.
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Introduction

A number of forces are both negatively and positively impacting the development of
waste-fed aquacultural production. Many of the areas where waste-fed aquaculture
has been traditionally practised are shrinking due to urbanization, increasing surface
water pollution and the development of high-input aguaculture to produce cash crops.
Muost of the traditional waste-fed aguacultural production has oceurred in parts of Asia.
Although intentional waste-fed aguaculture 15 in decline, the unintentional use of
contaminated water in aguaculture may be increasing in some areas.

The Stockholm Framework

The Stockholm Framework is an integrated approach that combines risk assessment
and risk management to control water-related diseases. This provides a harmonized
framework for the development of health-based guidelines and standards in terms of
water- and sanitation-related microbial hazards, The Stockholm Framework involves
the assessment of health risks prior to the setting of health-based targets and the
development of guideline values, defining basic control approaches and evaluating the
impact of these combined approaches on public health. The Stockholm Framework
provides the conceptual framework for these Guidelines and other WHO water-related
guidelines.

Assessment of health risk

Three types of evaluations are used to assess risk: microbial and chemical laboratory
analysis, epidemiological studies and gquantitative microbial (and chemical) risk
assessment, Overall, there are limited data on the health impacts associated with
waste-fed aquacultural practices. The evidence suggests that pathogens are ofien
present at significant levels in untreated wastewater and excreta; pathogens can
survive long enough in the environment to be transmitted to humans; and waste-fed
aquaculture-associated disease transmission can occur,

Foodborne trematode parasites, where they occur, pose significant health risks 1o
consumers of raw or inadequately cooked fish or plants. Priority should be given to
implementing control measures against the transmission ol foodborne trematode
infections, where relevant. Excreta-related pathogens pose health risks to product
consumers and people who may have contact with the comtaminated water. For
product consumers, much of the health risk may be associated with poor fish cleaning
practices that lead to cross-contamination between the gut contents and the edible
flesh. Thus, improving market hygiene and fish processing/cleaning is an important
health protection intervention.

Health-based targets

Health-based targets define a level of health protection that is relevant to each hazard.
A health-based target can be based on a standard metric ol disease, such as the
disability adjusted life year or DALY (e.g. 10 DALY), or it can be based on an
appropriate health outcome, such as the prevention of the transmission of foodborne
trematode infection associated with waste-fed aquacultural practices. To achieve a
health-based target, health protection measures are developed. Usually a health-based
target can be achieved through a combination of health protection measures targeted
at different components of the waste-fed aquacultural system. Health-hased targets for
different waste-fed aguacultural hazards are presented in Table 1.
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Table 1. Health-based ta raets for waste-lfed aguaculiure

Exposed group  Hazard Health-based target” Health protection measure

Consumers, Excreta-related 107" DALY Wastewater treatment

;::;}I‘m and pathogens Excreta treatment

COmmunities Health and hygiene promotion
Chemaotherapy and immunization

Consumers Excreta-related 107" DALY Produce restriction

Workers and
local
communities

pathogens

Foodborme
trematodes
Chemicals

Excreta-related
pathogens
Skin irritants

Schistosomes

Vector-bome
pathogens

Absence of trematode
infections

Tolerable daily
intakes as specified
by the Codex
Alimentarius
Commission

107" DALY

Absence of skin
discase

Absence of
schistosomiasis

Absence of vector-
bome disease

Waste application/timing
Drepuration

Food handling and preparation
Produce washing/disinfection
Cooking foods

Acoess control

Use of personal protective
cquipment

Disease vector control

Intermediate host control

Access 1o safe drinking-water and
sanitation at aquacultural facilities
and in local communities
Reduced vector contact
{insccticide-treated nets,
repellents)

*Absence of disease associated with waste-fed aquaculiure exposures,

Health protection measures

A variety of health protection measures can be used to reduce health risks to product
consumers, workers and their families and local communities.

Hazards associated with the consumption of waste-fed aquacultural products
include excreta-related pathogens, foodborne trematodes and some toxic chemicals.
The risk from infectious diseases is significantly reduced if foods are eaten afier
thorough cooking. Cooking has little or no impact on the concentrations of toxic
chemicals that might be present. Special considerations for managing trematode
parasites (including Schistosoma spp.) may be required where they are present. The
following health protection measures impact product consumers:

- & & & &

-

waslewater and exerela treatment;
produce restriction;
waste application withholding periods;
control of trematode intermediate hosts,
depuration;
hygienic food handling and preparation:
post-harvest processing;

health and hygiene promotion;

produce washing, disinfection and cooking;
*  produce washing, disinfection and cooking;
+ chemotherapy and immunization.
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Workers and their families may be exposed to excreta-related diseases, skin
irritants, schistosomiasis and vector-borne diseases through waste-fed aquacultural
activities or contact with the hazards. Wastewater treatment and excreta treatment are
control measures for excreta-related diseases, skin irritants and schistosomiasis but
may not have much impact on vector-borne diseases. Other health protection
measures include:

use of personal protective equipment;

access Lo safe drinking-water and sanitation facilities at aquacultural facilities;
health and hygiene promation;

chemotherapy and immunization;

disease vector and intermediate host control;

reduced vector contact.

- & & @

-

Local communities are at risk from the same hazards as workers, especially if they
have access to waste-fed ponds. If they do not have access to safe drinking-water,
they may use the contaminated water for drinking or for domestic purposes, such as
washing clothes, dishes and themselves. Children may also play or swim in the
contaminated water. Similarly, it waste-fed aquacultural activities result in increased
veclor breeding, then local communities can be aflected by vector-borne diseases,
even if they do not have access to the waste-fed aquacultural facilities. To reduce
health hazards, the following health protection measures may be used:

* wastewater and excreta treatment;

restricted access to aquacultural facilities;

access to safe drinking-water and sanitation facilities at aquacultural facilities;
health and hygiene promotion;

chemotherapy and immunization;

disease vector and intermediate host control;

reduced vector contact,

-

-

® & & &

Monitoring and system assessment

Monitoring has three different purposes: validation, or proving that the system is
capable of meeting its design requirements; operational monitoring, which provides
information regarding the functioning of individual components of the health
protection measures; and verification, which usually takes place at the end of the
process to ensure that the system is achieving the specified targets.

The three tunctions of monitoring are each vsed for different purposes at different
times. Validation is performed when a new system is developed or when new
processes are added and is used to test or prove that the system is capable of meeting
the specified targets. Operational monitoring is used on a routine basis to indicate that
processes are working as expected. Monitoring of this type relies on simple
measurements that can be read quickly so that decisions can be made in time to
remedy a problem. Verification is used to show that the end product (e.g. treated
wastewater/excreta’pond water; fish or plants) meets treatment targets {e.g. microbial
reduction targets) and ultimately the health-based targets. Information from
verification monitoring is collected periodically and thus would arrive too late to
allow managers to make decisions to prevent a harzard break-through. However,
verification monitoring can indicate trends over time (e.g. whether the efficiency of a
specific process is improving or decreasing).

Xvi




Volume 3: Wastewater and excreta use in aquaculture

The most effective means of consistently ensuring safety in waste-fed aquaculture
is through the use of a comprehensive risk assessment and risk management approach
that encompasses all steps in waste-fed aquaculture, from the generation and use of
wastewater and excreta to the product consumer. This approach is captured in the
Stockholm Framework. Three components of this approach are important for
achieving the health-based targets: system assessment; identifving control measures
and methods for monitoring them; and developing a management plan.

Sociocultural, environmental and economic aspects
Human behavioural patterns are a key determining factor in the transmission of
excreta-related diseases. The social feasibility of changing certain behavioural
patterns in order to introduce excreta or wastewater use schemes or to reduce disease
transmission in existing schemes can be assessed only with a prior understanding of
the cultural values attached to practices that appear to be social preferences, yet which
facilitate disease transmission. Closely associated with cultural beliefs is the public
perception of wastewater and excreta use.

Excreta and wastewater use schemes, if properly planned and managed, can have
a positive environmental impact, as well as produce fish and plants. Environmental
improvement may be related to:

avoidance of surface water pollution;
conservation or more rational use of freshwater resources, especially in arid
and semi-arid  areas: fresh water lor urban  demand, wastewater [or
aquacultural use;

* reduction in risks of looding in urban areas, as wastewater-fed canals, ponds
and lakes act as a “buffer” during heavy rains;

* reduced requirements for artificial fertilizers, with a concomitant reduction in
energy expenditure and industrial pollution elsewhere,

The primary negative environmental impacts are ofien related to contamination of
surface waters or groundwaters in proximity to waste-fed aquacultural facilities. Other
impacts relate to general aquacultural practices (e.g. the introduction of non-
indigenous species or destruction of mangroves) and are not specifically related to
waste-fed aguaculture.

Economic factors are especially important when the viability of a new scheme for
the use of wastewater and excreta is being appraised, but even an economically
worthwhile project can fail without careful financial planning. Economic appraisal
considers whether a project is worthwhile, whereas financial planning looks at how
projects are to be paid for. Improvements to existing practices must be paid for in
some way and therefore also require financial planning.

Policy aspects
The safe management of waste-fed aquacultural practices is facilitated by appropriate
policies, legislation, institutional frameworks and regulations at the international,
national and local levels. In many countries where waste-fed aquaculiure takes place,
these frameworks are lacking.

Policy is the set of procedures, rules, decision-making criteria and allocation
mechanisms that provide the basis for programmes and services. Policies set priorities,
and associated strategies allocate resources for their implementation. Policies are
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implemented through four types of instruments: laws and regulations; economic
measures; information and education programmes; and assignments of rights and
responsibilities for providing services.

In developing a national policy framework to facilitate safe waste-fed aguaculture,
it is important to define the objectives of the policy, assess the current policy
environment and develop a national approach. Mational approaches for safe waste-fed
aquacultural practices based on the WHO Guidelines will protect public health the
most when they are integrated into comprehensive public health programmes that
include other sanitary measures, such as health and hygiene promotion, and
improving access o safe  drinking-water and  adequate  sanitation.  Other
complementary  programmes, such as chemotherapy campaigns, should he
accompanied by health promotion/education to change behaviours that would
otherwise lead to reinfection with foodborne trematodes or intestinal helminths,

Mational approaches need to be adapted to the local sociocultural, environmental
and economic circumstances, but they should be aimed at progressive improvement of
public health. Interventions that address the greatest local health threats first should be
given the highest priority. As resources and new data become available, additional
health protection measures can be introduced.

Planning and implementation

Planning and implementation of waste-fed aguacultural programmes require a
comprehensive progressive approach that responds to the greatest health priorities
first. Strategies for developing national programmes should include elements on
communication to stakeholders, interaction with stakeholders and the collection and
use of data.

Additionally, planning for projects at a local level requires an assessment of
several important underlying lactors. The sustainability of waste-fed aguaculiure
relies on the assessment and understanding of eight important criteria: health,
economic feasibility, social impact and public perception, financial feasibility,
environmental impact, market feasibility, institutional feasibility and technical
leasibility.
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