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Abstract

There is a need for new approaches to planning ofenvironmental sanitation
systems that respond to user demand and guarantee human health, while
simultaneously ensuring resource conservation and environmental protec-
tion. This article presents a new planning approach that emphasises stake-
holder participation and resource conservation —- the Household-Centred
Environmental Sanitation approach —along with a series of tools to facilitate
its implementation. The tools are based on the methods of material flow
analysis, quantitative microbial risk assessment and stakeholder analysis,
and were developed during case studies in Southeast Asia. They can help
to assess a current environmental sanitation system and evaluate potential
future systems with regard to resource management, water pollution con-
trol and microbial health risks. They can also be used to identify and involve
stakeholders in order to plan demand-responsive environmental sanitation
systems. Relationships between the various tools and between the planning
approach and the tools are discussed as a basis for their integration.

Keywords: Environmental sanitation; river basin management; house-
hold-centred environmental sanitation; material flow analysis; quantitative
microbial risk assessment; stakeholder analysis; Southeast Asia.
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23.1 lntroduction

Conventional approaches to addressing the problems ofurban environmen-
tal sanitation” and water pollution control have seldom been appropriate in
developing countries (Zurbriigg et al 2004). New approaches should move
away from end-of-pipe, supply-driven models and strive to close the water
and nutrient cycle, while also responding to consumer demand. They should
aim to provide users with the services these users want and for which they
are willing to pay. To promote user ownership of services, decisions should
be made at a level as close as possible to the source ofthe problem, in con»
sultation with the people most directly affected (Eawag 2005; Schertenleib
2005).

Implementation ofthis type ofpeople-centred approach to formulating eco-
logically sustainable environmental sanitation and river basin management
concepts raises a series of questions. This contribution presents the House-
hold-Centred Environmental Sanitation (HCES) planning approach and a
series of tools to support its implementation. The tools are exemplified by
case studies conducted in Kunming (China), Hanoi (Vietnam) and Bangkok
and the Thachin river basin (Thailand).

23.2 Methods

23.2.1 The Household-Centred Environmental Sanitation
(HCES) planning approach

The HCES approach places the household at the centre of the planning
process and thus responds directly to the needs and demands of users. It
is a multi-actor approach and emphasises the participation of all stakehold-
ers in planning and implementing urban environmental sanitation services.
Based on the concept of “zones” (household, neighbourhood, town/city, dis-
trict/province, nation), it recommends addressing problems as closely as
possible to where they occur. Only when a problem cannot be solved in a
small zone is it addressed in the next larger zone. HCES is a multi-sector
approach that takes account ofwater supply, sanitation, storm drainage and
solid waste management in an integrated way. It is a “circular model” that
targets resource conservation and reuse to reduce waste disposal in place of
the traditional linear model of unrestricted supply and subsequent disposal
(Eawag 2005).
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Guidelines for the application of this approach provide specific guidance
with regard to (i) creating an enabling environment for the use of the HCES
approach and (ii) undertaking a 10-step process for developing and imple-
menting the HCES approach (Figure l). The approach is currently being
field-tested in several towns and cities in Africa, Asia and Latin America,
with a focus on un-serviced or under-serviced areas in urban and peri-urban
settings (SuSanA 2008).

Various methods are required to support implementation of the HCES
approach. Material flow analysis (MFA) and quantitative microbial risk
assessment (QMRA) can be applied to assess a given current environmen-
tal sanitation system (HCES Step 3, see Figure l), as well as to simulate
the impact of changes in the system on resource consumption, environmen-
tal pollution and microbial health risks. This, in turn, supports evaluation
of potential future options, taking account of different sub-sectors such as
water supply, sanitation, solid waste management and drainage in an inte-
grated way (HCES Step 5). The results of assessments using the MFA and
QMRAmethods provide a basis for informed decision-making when select-
ing potential future options (HCES Step 6). Initiating and responding to con-
sumer demand is one of the underlying principles of the HCES approach.
Stakeholder analysis and involvement is therefore another essential method
required throughout the entire planning process.
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Fig. l
The two main

components ofthe
HCES Approach:

The Enabling Envi-
ronment and the
l0-Step Process.

UESS: Urban
Environmental

Sanitation Services.
(Source:

Eawag 2005)
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23.2.2 The material flow analysis (MFA) method

Material flow analysis describes and quantifies the flow of resources used
and transformed as they flow through a system (e.g. a region, river basin or
city). In industrialised countries, MFA has proven to be a suitable instru-
ment for early recognition of environmental problems and development of
countermeasures (Baccini and Bader 1996). In developing countries, MFA
has so far successfully been used in the fields of regional water and resource
management and in environmental sanitation. However, limitations in the
availability and reliability of data as well as the means of compiling data
are common problems faced by developing countries that restrict the use of
MFA as a policy-making tool.

MFA consists ofthe following steps: (l) System analysis defines the tempo-
ral and spatial boundaries and identities the relevant processes and flows in
a system; (2) based on acquired system knowledge, the processes and flows
are mathematically described (model); (3) input data for the model equa-
tions are derived from secondary data sources, expert knowledge and plausi-
ble estimations, and are continuously refined during the study; (4) the model
is validated and calibrated by means ofplausibility considerations; (5) simu-
lation of the current state includes an uncertainty and sensitivity analysis to
assess the model’s uncertainties and identify the determining system param-
eters, respectively; (6) by addressing these parameters, potential mitigation
measures are determined and evaluated (scenario analysis).

23.2.3 Quantitative microbial risk assessment (QMRA)

Quantitative microbial risk assessment is a method for predicting the conse-
quences ofpotential or actual exposure of a population to infectious micro-
organisms and establishing associated health risks (Haas et al 1999). Meth-
ods for microbial risk assessment were first developed for drinking water
and later applied to practices such as crop irrigation and discharge to recrea-
tional impoundments.

QMRA consists of four steps: (l) In hazard identification, the activities
and pathogens that can affect human health in the focus area are identified,
possible transmission routes determined, and hazard indicators chosen;
(2) exposure dose assessment determines the exposure of the population
to the indicator, focusing on pathways, concentrations, frequency of expo-
sure, ingestion dose and the numbers of people exposed; (3) dose-response
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analysis is concerned with assessment ofthe relationship(s) between patho-
gen exposure and infection; (4) the risk of infection is then calculated by
integrating information from the exposure and dose-response analyses (risk
determination). »

23.2.4 Stakeholder analysis

Stakeholder analysis consists of three consecutive parts (DFID I995):
(l) Preparation ofa stakeholder characterisation table that lists all poten-
tial stakeholders, their priorities in relation to the concept being addressed
(e.g. a new environmental sanitation concept) and the impact of the new
concept on these priorities (positive, negative or neutral); (2) quantification
of the decision-making power of each stakeholder and stakeholder inter-
est in the concept, represented in a stakeholder diagram showing interest
versus decision-making power; and (3) based on the stakeholder diagram,
classification of stakeholders according to their relative importance into
key stakeholders, who are the most important decision-makers; secondary
stakeholders, who have little interest and decision-making power; and pri-
mary stakeholders, who are situated between these two classes. Using this
diagram, conclusions can be drawn concerning the risks and potentials that
affect implementation ofa new concept.

23.3 Results

The methods presented above were further developed in case studies in South-
eastAsia in order to adapt them to the requirements ofthe HCES approach and
facilitate their application in the Southeast Asian regional context. The result-
ing tools —mathematical models and reconnnendations — are described below,
and their integration in the HCES approach is discussed.

23.3.1 Tool l: assessing potential environmental management
options in the context of limited data availability

The first tool is based on the MFA method. lt can be used to assess cur-
rent environmental sanitation systems and evaluate the impact of interven-
tions (scenario analysis) with regard to conserving resources and controlling
water pollution. Two material flow models are presented here. Both mod-
els are based on the same modelling principles; the first describes resource
flows in an urban region, the second investigates a river basin.
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Assessing the impact of interventions in an environmental sanitation
system: The first material flowmodel describes water and nutrient flows in the
environmental sanitation and agricultural system 0fHan0i Province in Viet-
nam (Figure 2). It was applied to simulate the impact of interventions aimed at
reducing groundwaterwithdrawal, nutrient discharge into surface water, and
the use ofartificial fertilisers (Montangero et al 2007). Analysis ofsimulation
results revealed that increasing the proportion ofurine separation toilets would
have a significant impact. Replacing septic tanks with urine diversion latrines
could reduce phosphorus (P) and nitrogen (N) flows to surface water by 45
:1: ll% and 58 is 15%, respectively. The percentage of demand for nutrients
in Hanoi’s peri-urban agriculture covered by waste products would increase
from l8 :t 3% to 59 i 12% forN and fi‘om l7 :l: 3% to 46 i 9% for P. The Hanoi
model can also be adapted to other urban regions in SoutheastAsia, especially
where on-site sanitation is the predominant wastewater disposal option. It is
particularly suitable for discussing adaptations in environmental sanitation
and agricultural systems, contributing to a better balance between nutrient
demand and supply and thus helping to close the nutrient cycle.
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The Hanoi case study also demonstrates the high potential ofeliciting expert
assessments to fill data gaps. This method enhances understanding of spe-
cific system components and provides prior probability distributions for
unknown model parameters (Morgan and Henrion 1990). It is a promising
method when data availability is limited and sound expert knowledge is
available (Montangero and Belevi 2007, 2008).

Assessing the impact of interventions in a river basin: The second MFA
model, developed in the Thachin river basin case study in Thailand, pro-
vides a basis for (1) quantifying the range of nutrient loads to be expected
from the various point and non~point pollution sources in the river system;
(2) identifying the key pollution flows in the basin on various spatial scales;
(3) determining the key parameters responsible for these pollution flows;
and (4) specifying effective mitigation measures (Schaffner et al 2009).

Analysis revealed that aquaculture is currently the dominant source ofnutri-
ent pollution in the Thachin river basin, followed by rice and pig produc-
tion. Industries produce high nutrient loads, but with a considerable range
of uncertainty. Other pollution sources (e.g. households, field crops and
poultry production) are less significant. Scenario simulations showed that
a significant reduction in the basin’s nutrient loads could be achieved, for
instance, by improved management of aquaculture wastewater, lower fer-
tiliser application rates in rice farming, or optimum management of pig
farm wastewater. The importance of the various pollution sources changes
when the model is down-scaled to the provincial scale, thus highlighting the
necessity ofdiscussing remediation measures at an appropriate spatial scale
(Schaffner 2007; Schaffner et al 2009).

This case study demonstrates the benefit of MFA in assessing the impact
of pollution mitigation interventions in the particular context of intensely
used lowland delta areas with complex hydrological systems (Schaffner et al
2005). The model developed can now be applied in similar river basins using
average per-unit nutrient loads from the various pollution sources (transfer
functions) determined in this study (Schaffner 2007).

23.3.2 Tool 2: assessing the impact of interventions on
health risk

The second tool is a combined MFA and QMRA model that allows predic-
tion of the health impacts of specific interventions. It was developed in a
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case study in Klong Luang municipality, a peri-urban area north ofBangkok,
Thailand. MFA in this case is applied to simulate the impact ofinterventions
on pathogen flows in specific transmission routes. The resulting pathogen
concentrations at critical points in the system are then fed into the QMRA
model to assess respective health risks (Surinkul 2005), which are then com-
pared to an acceptable risk level.

In Klong Luang municipality, the possible health risks posed by E. coli as a
result of swimming, fishing and vegetable cultivation in canals, irrigation of
farmland with canal water, and raw vegetable consumption were assessed by
applying a conventional QMRA that made it possible to identify the activi-
ties with the greatest health impacts. The intervention of increasing waste-
water treatment showed significant potential to decrease risk (Surinkul and
Koottatep 2007). The integrated MFA/QMRA model can now be applied to
determine the health impacts of specific interventions (Surinkul and Koot-
tatep 2009).

23.3.3 Tool 3: bridging the gap between stakeholder analysis
and stakeholder involvement

The third tool was developed to determine the feasibility of introducing new.
environmental sanitation concepts, as suggested by applying Tool 1, based
on stakeholders’ views. An important step in this approach is validation of
the stakeholder analysis, based on the perception of the stakeholders them-
selves (Medilanski et al 2006, 2007). Specifically, the results ofstakeholder
analysis are presented to the stakeholders, who are asked to discuss and com-
ment on them. This allows stakeholders to agree on significant corrections
and actively call to mind the necessary decision-making processes, and thus
ensures that all stakeholders share the same view ofhow to proceed and that
the final analysis is based on a broad stakeholder consensus.

Tool 3 was applied to assess the feasibility of introducing urine separation
in Kunming, China (Figure 3). The study concluded that although a number
ofprimary stakeholders (the main experts in ecological sanitation and envi-
ronmental protection) have a great interest in testing urine separation in an
urban context, most of the key stakeholders (municipal government, party
and congress) would be reluctant to accept such an idea. However, a pilot
urine separation project conducted in a peri-urban area in a neighbouring
province showed that even a single, relatively small successful pilot project
can trigger a process ofbroad dissemination ofsuch technologies.
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23.3.4 Integrating the tools in the HCES approach

Tools 1 and 2 are designed to generate a systematic overview of the entire
environmental sanitation "system or river basin. They help to visualise the
links between different sectors such as water supply, sanitation, solid waste
management, agriculture, and the environment, and thus comply with the
integrated, mu/ti-sector principle of the HCES approach. They comprise
an assessment of the current situation and a simulation of potential options
developed by a group of stakeholders. This corresponds to two main steps
in the HCES approach and responds to its mu/ti-actor perspective. Tool 3 is
used throughout the HCES process and ensures that the designed environ-
mental sanitation options respond to people’s needs and preferences.

Tools 1 and 2 were mainly developed to be used at a single level (e.g. river
basin, province, neighbourhood, or household). Analysing and visualising
material flows between these levels could contribute to discussions about
the appropriate level of decentralisation and hence render the integration of
MFA into the HCES approach more valuable.

Effective communication is a prerequisite for successful application of the
tools in the HCES approach. Information obtained about the current system
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and potential future options using Tools l and 2 should be adequately com-
municated to all stakeholders so as to facilitatejoint development of poten-
tial options and support informed decision-making. Tool 3 should ensure
communication and interaction between MFA and QMRA experts and other
stakeholders.

23.4 Conclusions and outlook

Lessons learnt from the application of the new approach and the tools pre-
sented in this article demonstrate the great potential that these tools have
for planning sustainable environmental sanitation and river basin manage-
ment concepts. The tools provide a scientific basis for stakeholders to make
informed choices, support the systematic involvement of stakeholders, and
help to determine strategies for introducing new concepts in a given deci-
sion-making structure and stakeholder constellation.

In order to guarantee the development of equitable and effective interven-
tions, it is proposed to integrate the tools presented here into a broader
framework combining health, ecological, social, economic and cultural
assessments (Nguyen Viet et al 2009). Such a framework could be based
on the concept of critical control points (initially developed for controlling
food microbial hazards), coupled with an actor perspective taking account of
vulnerability to risk and patterns of resilience. The framework wouldjoint-
ly address health and environmental sanitation improvements, on the one
hand, and the recovery ofresources, on the other. It would provide a basis for
designing technical solutions as well as behavioural, social and institutional
changes derived from the resilience patterns identified. Possible interven-
tions could be assessed based on their potential to minimise specific risk
factors, reduce vulnerability, improve health conditions, and ensure equity.
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