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EXECUTIVE SUMARY

INTRODUCTION

The household sanitation technology assessment protocol has been developed through an
iterative process that commenced with the development of a draft proto€hls draft was
presented to the technology suppliers, government departments and other key stakeholders
during May and June 2015 to receive initial comment and feedi¥atkipdatedorotocol was

then used to conduct a preliminary evaluation of selected technologies through a desktop
appraisal, field verification and laboratory analy3ise feedback from this evaluation process

led to further development of the protocol as presentedtihe body of this report.

The development of the Household Sanitation Technology Assessment and Evaluation
Protocol has been a valuable step towards improved regulation of the sanitation sébtor.
impact of urbanisation and increased water scarcity hesulted in the emergence of an
innovative (but largely wnegulated) sanitation sectolf these technologies are to assist with
clearing the backlog of household sanitation, they must be based on sound process design
principles and must be proven to lbebust and reliable through extended field trials within a
particular context.

In addition to the Protocol itself, this process has informed the development of two key
discussion documents, namely tHganitation Dossiersand the Policy Dialogue Report
included in the body of this reportThe Sanitation Dossieran Annexure F present an
informative summary of the evaluation, including recommendations for the enhancement
and proper application of the technology where relevant.

The Policy Dialogue Reportraprises the key recommendations that should be incorporated
into Government policy and best practice in order to secure the implementation of robust
and effective sanitation technologies which are appropriate for a specific context and which
are well maimsained to prevent disruption to the essential sanitation service.

The Protocol and associated Dossiers should be maintaaseliving documents that are
refined and updated with consideration of the needs of the regulatory authofitye
innovative nature of the sanitation sector means that new and existing technologies are
constantly being developedExtended field trials of emerging technologies will help to verify
the performance of emerging technologies and ensure that future sanitation provision
effective and well suited to the needs of the user by providing the maximum health benefit.

OVERVIEW

The Sanitation Technology Assessment and Evaluation Protocol is desigeedbte the
transparent assessment of different household sanitation technologies. This generally
excludesseptic tanks and standlone effluent treatment technologies that are not packaged
with a toilet. These technologies should be evaluated in accordanttethe Water Research
CommissionWRC)Yyuidelines for domestic wastewater package plafuan Niekerk et al.,
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2009) The Protocol is designed to be used by sanitation expditss protocol focusses
specificallyon the scientific functionality of theanitation, to assess whether the technology

is performing, or is able to perform the required collection, treatment and disposal functions
in order to provide a reliable, hygienic sanitation facility.

The implementation of the Sanitation Technology Eatadun Protocol will produce a scientific
assessment of household sanitation technologies to inform the appropriate selection and
siting of onsite sanitation technologies and achieve the desitedgterm benefits of
effective sanitation systemdn orderto aid standardisation of the sanitation evaluation
process, a series of standard procedures have been developed which can be applied to the
wide range of technologies on the markdhe assessment process does however require a
good understanding of samition technologies and the physical, chemical and biological
treatment processes that are incorporated into the different technologies.

FUNCTIONALITY ASQ|SST

The functionality of the sanitation technology considers the ability of the sanitation
technobgy to perform the intended purpos&Vith reference to current Policy, functionality
is regarded as a technology that is able to:

GLINRGARS | alyAdlrdAz2y FFrOAftAGE 6KAOK Aa &l ¥F¢
ventilated, keeps smells the minimum, is easy to keep clean, minimises the risk of the spread

of sanitationrelated diseasesThis technology must therefore facilitate the appropriate

control of disease carrying flies apdsts ancenable safe and appropriate treatment and/or

remod f 2F KdzYly ¢l aasS yR ¢ladaSelGSNIAY |y Sy

The assessment is sequential, after satisfactory performancesgpercific criteria the
assessment will proceed to the next stajmacceptable performance at any stage will be fed
backto the supplier to inform modification of the sanitation technology forstgomission by

the supplier.The assessment of the technology requires input from both the Supplier and the
Assessor and will follow th®anitation Technology Assessment and Evalnd®rocedure

The intention of the Sanitation Technology Evaluation Protocol is to highlight good
performance and appropriate siting of the technologie assessment process seeks to guide
manufacturers towards improved product performance to improve fuccess of sanitation
delivery.

Of the 30 technologies reviewed, a total d technologies underwent scientific field trials.
These field trials were primarily to verify the functionality assessment protocol, but they also
enabled an initial assessmeot individual sanitation technologies within a specific context.
The findings of these assessments are presented in the Annexures and summarised in the
Sanitation Dossierdn general the reviewed technologies did not achieve the minimum
standard for effuent quality defined in the Protocoln most casesthis could be directly
attributed to the operation and maintenance procedure, highlighting the need for ongoing
O&M for all sanitation technologies.
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Sanitation Technology Assessment and Evaluation Bcure

SANITATION TECHNOLOGY ]

Product Description[A.1]
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v
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Assessment of Process Performance

FEEDBACK LOOP

FFFFCTIVF FUNCTIONAIITY

v
ContextSpecific Suitability Evaluation

TECHNOLOGUITABLEOR
SPECIFICONTEXT
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)
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REGULATION

There is a need for the Functionality Protocol to be framed within the context of the
regulatory authority. Throughout the development of this protocol, the project team, the

WRC and Epartment of Science and TechnologyS{lbhas sought to establish a firm
institutional home for the evaluation protocalnitial discussions indicate that this Protocol

should be located within the Department of Water and SanitafidbiVS) indeed Position 17

of the draft Sanitation Policy, 201614 4 Sa GKIFG aF F2NXIf LINROS:
F OONBRAGEFGAZ2Y 2F FLILINRBLINRIFGS &l Vhis Banidatioday (SO
Protocol should feed directly into this proce$isis recommended that a focussed workshop

session be conducted beeen DWS, Agrément and the South African Bureau of Standards,

to define the roles and responsibilities for this certification procéisthe Protocol is to be

adopted by these institutions, a specific training programme should be implemented to
ensure tha a consistent evaluation procedure is followed.

The initial results generated through this study should be repeated at multiple sites as part of
an ongoing monitoring programmesn accordance with the General Authorisation process,
ALL onsite treatmergystems require basic monitoring, the detail of this depends on the size
of the facility, but as a minimum should incluBecoliand Chemical Oxygen Demand@D
analysisWhere multiple systems are provided in a particular settlement, this analysid coul
be undertaken on a representative sample, but must be undertaken regulailysS is
responsible for reviewing this data in order to maintain the approvals for a specific
technology.The management of this data will however require the development of new
systems to spatially map the data and alert to operational issues.

This research is an important move forwards towards improved sanitation provision.
Sanitation Dossiers provide initial guidance on the selection of suitable sanitation
technologies, buthis must be built upon through a sustained research effort and multi sector
participation. The development of this Protocol has seen improved collaboration between
technology suppliers, researchers and government departméhisenvisagedhat this wil
continue to grow to see the establishment of a highly effective sanitation industry throughout
South Africa and beyond its borders.
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1 INTRODUCTION

TheHousehold Sanitation Technology Assessmpnitocolhas been developed through an
iterative process that commenced with the development of a draft protocol that was
workshoped with technology suppliers, government departments and other key
stakeholders.Following some initial refinement, this draft protocol was used to evaluate
selected technolgies through a desktop appraisal, field verification and laboratory analysis.
The feedback from this evaluation process led to further development (and simplification) of
the protocol as presented in the body of this report.

In addition to the Protocol #elf, this process has informed the development of two key
deliverables, namely th8anitation Dossiersind thePolicy Dialogue Repoihcluded in the
body of this report.The Sanitation Dossieis AnnexureF present an informative summary

of the assessment, including recommendations for the enhancement and proper application
of the technology where relevant.

The Policy Dialogue Report, comprises the key recommendationstibatd be incorporated

into Govenment policy and best practice in order to secure the implementation of robust
and effective sanitation technologies which are appropriate for a specific context and which
are well maintained to prevent disruption to the essential sanitation service.

The protocol and associated dossiers should be maintained as living documents that are
refined and updated with consideration of the needs of the regulatory authofitye
innovative nature of the sanitation sector means that technologies are constantlhgbein
improved.Extended field trials of emerging technologies will help to verify the performance
of emerging technologies and ensure that future sanitation provision is effective and well
suited to theneeds of the user by providing the maximum health benefi

In the next chapter, the background to ti&®uth African Legislative and Policy Framevi®rk
presented.
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2 SOUTH AFRICAN LEGISLATIVE AND POLICY
FRAMEWORK

2.1 INTRODUCTION

This section provides a brief overview of South African policy and legistetaied to the
delivery of sanitation infrastructurelhis is intended to provide a brief outline of the legal
context in which the WRC sanitation technology assessment sits, and therefore the minimum
standard that must be achieved by a particular teclogyl as constituted by lawrhis section
refers to current Policy Frameworks and legal cases related to sanitation provision; much of
which is well summarised in the publication by the Sd&ttonomic Rights Institute of South
Africa (SERI) in their publigarh Basic Sanitation in Soukfrica: A guide to LegislatioRolicy

and PracticgTissington, 2011)

2.2 GOVERNMENT PGl DOCUMENTS
2.2.1 Constitution (1996)

There are several clauses within the South African Constitution and the Bill of Rights that
refers to the right to basic sanitation.

Section 9 of the Bill of Rights prohibits the state from unfairly discriminating against any sector

2T az20ASGesx aSOGA2Y dponHO aGl 0Sa aSldzrfAGe Ay
F NB S R 2 Y dokedvithicénSidefation of the points below access to sanitation should be
equitable.

{SOGA2Y wmn adladSa GKIG &S oGgNEehE thérid@nityh y K S NB
protectedé PSOGA2Y wmn &Gl G§Sa §givady Bighigandgrizagydav& I & |
clear linkages with effective sanitation provision.

{ SOGA2Y wHnolv 2F GKS Aff 27T vedAviboKnleatthatisl G Sa
not harmful to their health or weltbeingg ® 9 FFSOUA GBS &l yAUlBAZ2Y A3

{SOGA2y&a Hcom0O 2F GKS . Aff 2F wAi3akKda adl GdS;3
I RS dz & S IrKtBed@robtifoBra dase, the Constitutional Court interpreted this to
include the provision of water angmoval of sewage

2.2.2 White Paperon Water Supply and Sanitation Policy (1994)

Promptly after its inception, thehen Department of Water Affairs and Forest(WAF)
[name changed to Department of Water Affairs (DWA) an@ Department of Water and
Sanitation (DWJ] published the White Rzer on Water Supply and Sanitation Policy.
Adequate Basic Sanitation is defined in this policy as follows:
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G¢KS AYYSRA I pr&vide shiditafiddBeiviges fo &ll whiéh meet basic health and
functional requirements including the protection of theuality of both surface and
underground water Higher levels of service will only be achievable if incomes in poor
communities rise substantiallizonventional waterborne sanitation is in most cases not a

realistic, viable and achievable minimum servicasdard in the short term due to its cost

The Ventilated Improved Pit toilet (VIR);onstructed to agreed standardand maintained

properly, provides an appropriate and adequate basic level of sanitation service. Adequate
basic provision is thereforeefined as one weltonstructed VIP toilet (in various forms, to
FANBSR adl yRIFNR&aUVL LISNI K2dzaSK2f Ré 0521 C3X mddn

2.2.3 National Sanitation Policy (1996)

DWAF published the National Sanitation Pol[DYWAF, 1996)o clarify the White Paper

(DWAF, 1994and as a precursor to the development of the national sanitation strafElgig.

policy defines sanitationas i KS LINAY OA L)X Sa FyR LINI OGAO0S&a NBf
disposal of human excreta, refuse and waste water, as they impact users, operators and

GKS SY@ANRYYSYé

The main sanitation technologies used in South Africa at the time of publication are listed in
the National Sanitation Policy, as follows:

traditional unimproved pits;

bucket toilets;

portable chemical toilets;

Ventilated Improved Pit toilets;

low flow onsite sanitation (LOFLOS);

septic tanks and soakaways;

septic tank effluent drainage (solifiee sewerage) systems; and
full water-borne sewerage

= =4 4 48 -8 -8 -5 -1

The policy also states that unimproved pits and budkéiets do not provide adequate
sanitation and chemical toilets are not encouraged except in emergencies due to the high
running costs.

2.2.4 Water Services Act (1997)

The Water Services Act 108 of 199the main law relating to the access and proviadn
water serviceDWA, 19970 { SO A2y o 2F GKS 1 00 adl i
G2 oFlaAo ¢l GSNJ adzllLxf @ +yR alyAlldAz2yéo

a (kK
K S NB

o O

GGKS LINBAONAROSR YAYAYdzy adl yRINR 2&afeqdaeNIIA OS 3
collection, removal, disposal or purification of human excreta, domestic waste water and
aSsl3S FTNRY K2dzaSK2f Rax AyOfdzRAYy3a AYyTF2NNI{ K
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In June 2001the Compulsory National Standards (General Notice 22355) was published in
terms of Section 9 of the Water Services &auth African Government, 200Regulation 2

of the Compulsory National Standarstates that:

the minimum standard fobasic sanitation services is

(a)the provision of appropriate education; and

(b)a toilet which is safe, reliable, environmentally sound, easy to keep qleavides privacy

and protection against the weather, wekntilated, keeps smells to a minimum and prevents
the entry and exit of flies and other diseasarrying pests.

2.2.5 Housing Act (1997)

The Housing Act identifies that all citizens and permanent residents of South Africaaill,
progressive basishave access to potable watexgdequate sanitary facilitiesand domestic
energy supplySouth African Government, 1997)

2.2.6 White Paper on Basic Household Sanitation (2001)

The White Paper provides a framework for the provision of sustainable sanitg@articularly
to households that have not previously benefited from improved sanitation faci(iD&8A.
2001) The paper provides the following definitions:

G{FryAlGFGAZ2Y NBFSNE G2 (KS coldcfoy @mndil & disosaly R LINI
of human excreta household waste water and refuse as they impact upon people and the
environment. Good sanitation includes appropriate health and hygiene awareness and
behaviour, and acceptable, affordable and sustainable sanitation services.

the minimum acceptable basic level of sanitatios:

(a) appropriate health and hygiene awareness and behaviour;

(b) a system for disposing of human excrethousehold waste water and refuse, which is
acceptable and affordable to the users, safe, hygienicemsily accessible and which does
not have an unacceptable impact on the environment; and

(c)a toilet facility for each householdh €

The White Paper adopts 12 policy principles, the following are most pertinent the context of
the sanitation technology agssment:

1 Community participationCommunities must be fully involvetth projects related to
their health, and in decisions relating to community facilities like schools and clinics.

1 Integrated planning and development: The 2001 White Paper acknowle¢dgethe
ocurrent lack of coherence in the sanitation sector is largely a result of uncoordinated
L I yYAYy3Idé ¢KSNBEF2NBX GKS LydSaNlIGSR 5S¢
component, must prioritise and coordinate service delivery so as to address th
sanitation backlog andensure that any new sanitation intervention will be
sustainable in the long term
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1 Sanitation is about the environment and healBanitation improvement is more than
just the provision of toilets; it is a process of sustained eowment and health
improvement

1 Basic sanitation is a human rightGovernment has an obligation to create an
enabling environment through which all South Africans can gain access to basic
sanitation services

1 Economic value of watefhe way in whichsanitation services are provided must
take into account the growing scarcity of good quality watar South Africa.

1 Sanitation services must bnancially sustainable Sanitation services must be
sustainable both in terms of capital costs and recurrest

1 Environmental integrityThe environment must be protecteffom the potentially
negative impacts of developing and operating sanitation systems.

2.2.7 Strategic Framework for Water Services (2003)

The Strategic Framework for Water Servid@g/@A,2003) defines sanitation as follows:

Basic sanitation facility:

The infrastructure necessary to provide a sanitation facility whishfes reliable, private,
protected from the weather and ventilated, keeps smells to the minimum, is easy to keep
clean,minimises the risk of the spread of sanitatienelated disease®y facilitating the
appropriate control of disease carrying flies and pests,arables safe and appropriate
treatment and/or removal of human waste and wastewater in an environmentally sound
manner.

A basic sanitation service entails:

The provision of a sanitation facility (that is appropriate to the settlement conditions) which
iseasily accessible to a householithe sustainable operation and maintenance of the

facility, including the d& removal of human waste and waste water from the premises

where this is appropriate and necessary, and the communication of good sanitation, hygiene
and related practices (to users).

CKAAa O2yOSLIi 2F (GKS daal yadl Grategi€ FrameRoKSTNE A a |
Strategic Framework refers to basic sanitation provision as the first step and describes how,

as economic affordability increases and the backlog in the provision of basic services

reduces, it will become possible for more househdttlbe provided with higher levels of

services (moving up the ladder).
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open cost fixed-point defecation Figure 2.1 The

defecation 4 flush toilet | > Sanitation Ladde(Source:
improved Morella et al.,2009
unimproved il 2 .
acceptable latrine The Strategic Framework
does not define the

> technology option to be
health benefits usedin its definition of
basic sanitatiorservice, and
this choice is left up to the
Water Service AuthorityThe Strategic Framework does however state thaterborne
sanitation is usually the most suitable technology option in urban areas with high
densitiesandshould be regarded as the basic level of service for the purposes of the policy.
In rural areas, with low densities, osite technology options are an appropriate level of
service.In intermediate arease.g. periurban areas or rural areas with high déres, the
Strategic Framework states that the WSA miestide on a sanitation technology option
that is financially viable and sustainabl@nd that in most instances, esite sanitation
systems are likely to be the most appropriate solution.

2.2.8 National Sanitation Strategy (2005)

The National Sanitation Strateg2005)was compiled to provide a coherent approach to
sanitation delivery in South Africa which aligns with the previous publications listed in 2.2.6
and 2.2.7 aboveThe strategy states that

dgnformal settlements must not be treated as emergency situatidios the purpose of this
strategy butshould be provided with viable and sustainable solutiorSolutions such as
communal facilities and chemical toilets should not be useldere the sysm is expected to
KFE@gS I Rdz2N} GA2y 2F Y2NB GKIFYy 2yS Y2y UKodE

This is particularly relevant in light of the recent South African Human Rights Commission
(SAHRGUIing that chemical toilets are not to be provided as a long term solutein§ection
2.3)

2.29 Free Basic Sanitation Implementation Strategy (2009)

On 21 March 2009, the Minister of Water Affairs approved the Free Basic Sanitation

Implementation Strategy, which was developed to guide WSAs in providing all citizens with
free basic sanitationyp2014.
¢tKS { (N> GS3e

I O Ebssao aib#sic iévelbfisghistion A & |
servicd Sy aKNR ySI'R A

| 2yaiAldziAzy

()] a>

y 2righit
y K
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While in some areas the basic service level could be a VIP, in other areas (usually urban and
well-established), watdborne sanitation could be the basic service level to be provided free
to the poor.

2.2.10 Status of sanitation services in South Africa (2012)

The Report on the Status of sanitation services in South Africa was published in March 2012
by the Department of Water Affairs collaboration with the Department of Performance
Monitoring and Evaluation in The Presidency (DPME), the Department of H@tl@m®nts

(DHS), the Department of Cooperative Governance (DCoG) and National Tteasiaplish

the quality of sanitation in South Africa. This publication affirms the definition for basic
sanitation provided in the Strategic Framework for Water $e1s/{2003), as summarised in
Section 2.2.7 above.

The Report also refers to Regulation 2 of the Compulsory National Standards states that the
minimum standard for basic sanitation servicgs
1 the provision ofappropriate education and
1 atoilet whichis safe, reliable, environmentally sound, easy to keep clean, provides
privacy and protection against the weather, well ventilated, keeps smells to a
minimum and prevents the entry and exit of flies and other disease carrying pests

Key to all these statards is the requirement fgorivacy, safety, health (barriers to disease
transmission) andtructural soundness From a norms and standards point of view, South
Africa therefore compares positively with international practice and underscores the point
that the country views access to acceptable sanitation services as fundamentally a human
rights issue.

The publication provides a summary of the sanitation service levels in Sdrta and
LINE DA RSA GKS T2 &2 gAyA i KRSFachkbE&IRDhat a poorly W
maintained basic sanitation service may still be regarded as a backlog, therefore highlighting
the importance of providing sanitation technologies which are easy to operate and maintain.

The report defined the sanitation need asléovs:

1 service delivery backlogs (people who have never been served);

91 refurbishment backlogs (sanitation infrastructure that has deteriorated beyond
regular maintenance requirements);
1 extension backlogs (existing infrastructure that needs to be exteridgaovide the
service to new households in the communities);
upgrade needs (infrastructure that does not meet the minimum standards);
O&M backlogs (infrastructure that has not been properly operated and maintained,
but can be adequate if funds arellocated to ensure proper operation and
maintenance); and
1 water resource requirements to be able to effectively operate the sanitation system

= =
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The publication discusses the South African Human Rights Commission investigations into
the Makhaza and Moghakasases which found that:

1 there is a lack of uniform norms regarding service delivery standards

1 there is a lack of community participation in the provision of integrated services

Both this Status report and the SAHRC investigations confirm some of the challenges and
issues negatively impacting on sustainability identified through the National Sanitation Audit
of 2005,¢ these include:

Governance
1 The need for consolidated normana standards.
1 Need for sanitation strategies to give better guidance on implementation of higher
levels of service.

Institutional
1 Inadequate technical capacity at municipal level.
1 Inadequate O&M capacity at local level.
1 Lack of M&E systems.
1 Lack ofO&M guidelines for orsite sanitation.

Community
1 Low community acceptance of toilet quality
1 Inadequate involvement of communities in the planning and implementation.
1 Low affordability of households to pay for maintenance.
1 Inadequate health awareness and user education.

Health
1 Health and hygiene education not provided in many cases.

Technical
1 Quality of facilities is not standardised.
1 Quality of some facilities does not comply with the definition of an acceptable
basicsanitation facility.
1 Inadequate and wtoordinated M&E and regulation functions with sector
departments.
1 Effective service level choice and affordability is lacking.

O&M

Inadequate maintenance of infrastructure (need of proper O&M plan).

Few municiplities have a maintenance programme for-site dry sanitation

systems.

1 Small municipalities do not effectively operate and maintain their waterborne
sanitation schemes.

= =
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2.3 SOUTH AFRICAN HUMAN RIGHTS COMMISSION

The SAHRR014)published thedReport onthe Right to Access Sufficient Water and Decent
Sanitation in South Africa: 2044 This report provides a summary of national and
international policy, together with a summary of the SAHRC investigations into sanitation
provision.

The table below is inctied in the SAHRC report and is derived from the 2011 census data.
Contrary to the recent SAHRC ruling (see below) Chemical Toilets are listed as an acceptable
form of sanitation.

RDP-Acceptable Not RDP-Acceptable
Province Flush Chemical | Ventilated | Unventilated Bucket Mone
Toilet Toilet Pit Latrine | Pit Latrine Latrine
Eastern Cape 43.0% 3.0% 13.9% 20.2% 2.3% 12.7%
Free State 67.1% 0.6% 87.0% 13.5% 5.5% 3.1%
Gauteng 85.4% 1.4% 2.4% 7.4% 1.8% 1.4%
KwaZulu-Natal 45.0% 8.2% 14.4% 20.7% 1.7% 6.3%
Limpopo - 21.0% 0.9% 15.1% 52.0% 0.6% 7.2%
Mpumalanga 43.8% 1.4% 12.1% 33.9% 0.9% 6.3%
Morth West 45.4% o.8% M.3% 34.2% 1.0% 5.8%
MNaorthern Cape B66.0% 0.6% Q.17 10,758 4.0% 8.0%
Western Cape . 89.6% 0.g% 0.6% 0.6% 3.7% 3.1%
South Africa 60.1% 2.5% 8.8% 19.3% 2.4% 5.2%

Complaints were received by the SAHRC in all provinces of a complete lack of access to water
and sanitation. The lack of access can be attributed to one diofl@vings

a) A lack of access to any infrastructure;
b) Access to infrastructure that has nevseen operational; and
C) Access to infrastructure that is no longer in working order.

The South African Human Rights Commission investigationd/imkbaza and Moghaka are
discussed in Section 2.2.11 abo®efurther investigation by the SAHRC into aptaint by

the Social Justice Coalition regarding the provision of chemical toilets by the City of Cape Town
in four areas of Khayelitsha was completed in July 20hé.SAHRC ruled that

Sanitation provision within the City of Cape Town ruled as follows:
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1 The norms and standards should adhere to human rights principles and take into
account the social context and lived reality of the persons who will be provided with
services.

1 Thatthe norms and standards developed incorporate the context in which a sanita
facility is used into its determination of whether it meets all aspects of the applicable
definitions of basic sanitation facility.

1 Ensures that the service provided is available, accessible, and acceptable to users of
appropriate quality.

1 The provi®an of a particular technology in a particular area be informed by an

FyFrfearax 2F pKSGKSNI KS GSOKy2ft238 SYLS

standards.

1 The Department of Water and Sanitation provide training and/or materials designed
to assist municipalies with devising norms and standards.

1 The use of londgerm contracts for the provision of Chemical toilets is a violation to
the occupants of informal settlements.

The findings of this investigation, highlight the urgent need for improved guidance and
assessment of sanitation technologies, and furthermore that chemical toilets should only be
provided as an emergency measure.

In the next chapter, Sanitation Standards and Guidelines are presented.
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3 SANITATION STANDARDS AND GUIDELINES

3.1 SOUTHFRICAN NATIONAL STANDARDS (SANS)

3.1.1 Introduction

The South African National Standard sets out the prescribed standard for the manufacture,
construction and testing of several different sanitation technologies, as detailed in the
following standards.

3.1.2 SANS 497:2014 Glazed Ceramic Sanitaryware

This document relates specifically to the design and testing of ceramic flush toilets and
stipulates the required dimensions for the water seal, pedestal height and plumbing
connection. And thereforghas imited relevance to the sanitation technology assessment.

<

| | Seal level
iy
' ‘ Depth of ol y
b water seal e il
Py
X al Org 10380

Type A pan (with seat fixing holes) Section X - X (pan with straight "P" trap)

3.1.3 SANS 10400Q:2011¢ Non-Waterborne Means ofSanitary Disposal

Part Q of the National Building Regulations outlines the minimum standard for Chemical
Toilets and Ventilated Improved Pit Ta@deno other technologies are identified.

¢CKAa adlyRFENR RSAZONAROGSAE | OKSYAOFE G2AtSO I a
pass into a tank where they are acted upon by chemicals which steaitid break them

R2gYy £ D ¢KS 2 yétdthedasigbdihaedBembalBilgtStates tiat OK S YA OF f
toilet shall be provided with a seat and a receptacle of such height that a space of not more

than 25 mm is left between the underside of such seat and the top of the receptacle. The
aperture n such seat shall be at least 25 mm less in every diameter than the corresponding
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diameter of the top of such receptacle and such aperture shall be fitted with@asatig, fly
LINP2F f ARE

The prescribed standard for the VIP Latrines is more compréeasd provides standard
details for single pit and double pit VIPs.

3.2 DEPARTMENT OF WATER AFFAIRS GUIDELINES

3.2.1 Sanitation Technology Options (2002)

The DWAF (20005 LJ2 Ndanit&tigh Téchnology Optiohprovides a useful reference for
different technologies, and indicates that Bucket toilets, Unimproved Pits, Chemical and
communal toilets are not recommended.

The guide provides a useful reference for the operation and maintenarqgreanents as
indicated in theTable 3.1 below.

Table 3.1: Sanitation Technological Options (from DWAF, 2002).

Sanitation D&M tasks Skills '!'lme Equipm ent and Comments
scheme level requirements materials
c Maintaining structure | Maintenance Some cement, paint, May be done by home owner or
Alllatines | 3 hedesta skills *ldayperyear | yood small contractor
Cleaning vent pipe Hone 142 hour per month Undertaken by home owner
. Vacuum tanker or hand S
VIP Latrines o _ - 1 day in 5o 10 equipment + roughage for Composting is not generally
Emptying pit Brief training = practiced, but holds potential for
years promE o SIS lowering costs and creating ji
safety clothing ng g jobs
. . . Muost activities can be
UDS latrines Emptying pit Mone 142 day each year Hone undertaken by home owner
. Vacuum tanker + Composting is not generally
S D Brieftraining | = 113 44V &VeV'3 | roughage for composting | practiced., but holds potential for
Aquaprivy sludge lowering costs and creating jobs
Monthly for grease Soak pit may need to be
Maintaining soak pit Erief training i Mone unblocked or moved every 5 fo
ap 10 years in some soils
T T Pige skills *1 day every 5 B May be done by home cwner or
Flush toilet years small coniractor
: A o Vacuum tanker + Composting is not generally
Rl ﬁmz‘;ﬁﬁ:ﬂ"ge Brieftraining | =% % €¥*Y3 | oughage for composting | practiced, but holds poteniial for
adsorption ¥ sludge lowwering costs and creating jobs
L Soak pit may need to be
trench
e Eﬂalmné:ghgch Brief training 1f:|nr|thly for grease Mone unblocked or moved every 5 to
ELpE ap 10 years in some s0ils
Flush toilet Repairs to pipes Pipe skills 1 day every 6 Pipes and joints May be done by home owner or
with y years small contractor
tank 5:5;5 Re . | +1/4 day every 3 Vacuum tanker + Composting i3 not generally
fioe Isewer mmg:&%:;ﬂ% Brief training YEars per roughage for composting | practiced, but holds potential for
household sludge lowering costs and creating jobs
and pond Maintaini Thi (] nt job
aintaining - L . ) is can provide permane
reatment stabilization pond HIsENS LE1 ST RS paositions for 2 to 5 people.
+1d & May be done by home owner or
Repairs fo pipes Pipe skills meﬁ; = Pipes and joints small contracter (if on-site) or
municipality (if off-site).
Full ) L Rodding equipment + May be done by municipality or
T Sewer blockages Minor training | = 1 day per week e i T e e
sanitation Operating and - o
maintaining Fyl fraining fo Daily Monitoring equipment + :’:ﬂ;ﬁ:'gmmﬁﬁj
mfktiwaier treatment | diploma level fools positions forlllllwal 10 people.
Maintaining pumps, Full fraining fo m Municipal respensibility but
Sa[:agsv.;ﬁms clearing screens and | cerificate Lol :ump mmﬁrﬁnm =3 pump maintenance may be
pump grit channels level HEEE e g contracted in.
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The Sanitation Technology Optio(®)02)guideline also presents the flow chart below for
the selection of appropriate sanitation solutions based on yseference, water availability,
ground conditions and settlement density.

Decision Tree for selection of optimum sanitation solution
Note: This decision tree may be used as an
1. Type of Water

” . initial puide to select 2 or 3 possible
supply system solutions for a particular application. but
should be followed by a detailed assessment

Y of all factors influencing the choice of
technologv

3.08M
affordability

Street taps,
handpump,
spring, unreliable
vard connection

Reliable
yard or
household
connection

2, Preference

for water goad

¢ 4. Settlement
r—<m>c— type

Wet on-site
sanitation system

flush system?

h

5. Ground
conditions

shallow
rock or
hagh water
table

r

= Poor 5. Ground Good y

. UDS or iti

R UDS or ot dramage conditions drainage Full waterborne
eco-san, or VIP | sanitation
with appropriate A system

If choice pit design - 6. High
ism\-"ﬂ’ Aq!:apmy or density or
Septic tank with groundwater 7. O&M cost

pollution
isk?

comstramts or cifficult
ground conditions

8. Pit
emptying
capacity?

Aquaprivy or
Septic tank and
soak-away

VIP with
movable top
structure

3.2.2 Technical Guidelines (2004)

TheTechnicaGuidelines for The Development of Water and Sanitation Infrastru@WeAF,
2004)provides standard details for the design and staction of VIP latrines and describes
basic sanitation as follows:

A basic sanitation facility is:

The infrastructure necessary to provide a sanitation facility which is safe, reliable, private,
protected from the weather and ventilated, keeps smtlshe minimum, is easy to keep
clean, minimises the risk of the spread of sanitatielated diseases by facilitating the
appropriate control of disease carrying flies and pests, and enables safe and appropriate
treatment and/or removal of human waste amdastewater in an environmentally sound
manner.

A basic sanitation service is:

The provision of a basic sanitation facility which is easily accessible to a household, the
sustainable operation of the facility, including the safe remasfalhuman waste and
wastewater from the premises where this is appropriate and necessary, and the
communication of good sanitation, hygiene and related practices.
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3.3 CURRENT AND PLANNED RESEARCH
3.3.1 Introduction

The following section provides a briefrsmary of the key documentation and research
related to the evaluation of sanitation technologiihe key evaluation criteria used in this
research are outlined in the following section to inform the selection of an appropriate
evaluation protocol for the satation technology study.

3.3.2 Integrated Urban Sanitation Decision Support T¢a014)

Review of Support Resources in Sanitdtpthe Centre for Study of Science, Technology and
Policy (ESTEP)GSTEP, 2014)hisdocument povides some of théollowing indicators that
are used in various benchmarking tools for urban sanitation

Coverage of toilets

Coverage of connections to sewerage

Collection efficiency of sewerage network

Cost recovery (O&M) in wastewater management

Quiality of wastewaterreatment

Wastewater treatment adequacy

Extent of reuse and recycling of wastewater

Efficiency in collection of sewerage related charges

Coverage of household connections to sewerage network in slums
Efficiency in redressal of customer complaints

Length of sewer system

Blockages in sewer system

Volume of wastewater collected and treated to primary légetondary level

= =4 -8 -8 -8 _9_95_9_°_2._-2._-2-2_-2-

It also describes the different decision support tools that address all components of the
sanitation chain, which are used byaphers and decision makers including the following:

The Performance Improvement Planning (PIP) Model
An exhaustive tool to measure, monitor and improve delivery of water and sanitation

City Sanitation Planning (CSaP) Tool by Water and Sanitation Pro{VégP)
User interactive tool used to aid in choosing options for citywide sanitation planning

The WhichSan Tool (Resources & Taplsree Software)
Excelbased decisiosupport tool based on cost, and financial feasibility

The SANEX (Loetscher, 2000)

Takes into account the context (physical, demographic characteristics, etc.) and
evaluates the impact of implementing a combination of technologies in specific
contexts
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The Sanitation Decision Support Tool (AKVO)
Helps the user select the chain of technotxyfor a sanitation chain

The Resource Recovery and Reuse Model
For developing business models for resource recovery and reuse.

3.3.3 PerformanceAssessmentor Urban Water Supplyand Sanitation
(2014)

The Performance AssessmelfPAS) was alelopedas a toolto measure, monitor and
improve delivery of water and sanitatipnvith the target being urban India (Mehta et al.,
2014).This list and definition of local actiondicators was developed for the PAS tobhe
indicators are:

Access and coverage

Service levels and quality

Financial sustainability

Efficiency in service operations

Equity

geeee

3.3.4 Procedurefor the PreSelection of Sanitation Systenf2011)

This tool developed bavwagSandec/WSSCC/LHABITAT2011)provides a MultiCriteria
AnalysigMCA) procedure. The following are the attributes used to evaluate the performance
of a sanitation option:

Expected flow of nutrients and pathogens

Expected exposure of user to pathogens

Expected odour nuisance

Cost per household

Risk of failure

Reusability of products

Realisation time

Maintenance frequency at household level

=4 =42 =8 4 -8 -8 -9 -9

3.3.5 Criteriafor The Evaluation and Classificatiori Gonvational and
Innovative Low Cost Sanitation Technolog(@906)

ByNetwork for the Development of Sustainable Apaches for Large Scdlaplementation
of Sanitation in AfricdNETSSAF, 2006):

Provides the criteria and the indicators for the assessment of technologies:
1 health issues (qualitative indicators)
1 impact to the environment/nature (detailed quantitativedicators)
1 technical characteristics of the sanitation system and its operation (qualitative
indicators)
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1 economical and financial issues (quantitative indicators)
1 social, cultural and gender aspects (qualitative indicators)

Provides a 18tep methodology2 ¥ | LILJt € Ay 3 GKS | 62 @8ntred NR 0 S N
SYGANRYYSyGlrt alryadlradArazy | LILINEIFOKQ

3.3.6 Decentralsed Wastewater Treatment Methodg$or Developing
Countries(2001)

The advantages and disadvantages of different decestthlivastewater treatmensystems
are assessed against: environmental, saonomic and financial benefi(&TZ, 2001).

3.3.7 SANDECTraining Took SanitationSystems & Technologi€2008)

This tool developed by Sanddagpartmentof Water and Saration in Developingountries
| EawagAquatic Rsearchconsiders both technical and neechnical aspects of sanitation
(SANDEC/EAWARZQ08.
1 Technical: the type of technology and the physical/environmental requirements
1 Nontechnical: sociaultural, political, institutiong financial and economic aspects.

3.3.8 Evaluationof Sanitation and Wastewater Treatment Technologies
(2013)

Through these Indian Case studies different temlbgies are assessed based on:
failure/success of technology, hygienecs-economic aspectéStarkl, et al., 2013)

3.3.9 Maximum Performance Testing of Popular Toilet Models (MAP)

This Canadia\mericanTest Protocotleveloped in 200&entifies a standard procedure for
the testing of conventional flush toiletésee http://www.map-testing.com/performance
toilets-testing/background.htnjl The performance of the toilet is rated based on the total
mass of flush media that the toiletable to flush, with a minimum threshold of 2509 required
to pass the test.

3.3.10 Selection ofSustainable Sanitation Technologiés Urban Slums
(2012)

The following criteria developed yb Katukiza et al (2012) areused to assess the
appropriateness ofhe technology in Ugandan slums:
1 Socieculture: acceptance, perception/complexity, operation and maintenance; use
ability Technicallocal labour, Robustness, Materials, Fit existing system
1 Health and environment: Environmental pollution, Exposupatbogens
1 Economics: capital cost, Land, Operation and maintenance, Resource recovery, Energy
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1 [Institutional: adoptability
1 Management

3.3.11 Handbook onService Level Benchmarkir(g010)

This handbook by the Ministry of Urban Developmg@10)in India ontains a description

of standardsed service level benchmarks for basic municipal services including sanitation. The
benchmarks for sanitation are: coverage of toilets, coverage of sewage network services,
collection efficiency of the sewage netwaskiequacy of sewage treatment capacity, quality

of sewage treatment and its rese, efficiency in redressing customer complaints and cost

recovery. Each of these benchmarks has performance indicators

3.3.12 How to Select Appropriate Technical Solutiefor Sanitation\Water
and Sanitation 6r All, Methodological GuideNo. 4(2010)

This 2010 guideline was developed by Concerted Municipabtegies (CMfS a Program
Coordinated by the Munipal Development Partnership (PD&hd Programme Solidarité Eau
(pSEay (Monvois et al.,2010) The guideline mvides the selection criteria for an
appropriate technological solution in three steps:

1. Characterizing the area in terms of physical, urban and ®ecoomic areas. Should
answer guestions about:

1 Physial ¢ soil type, groundwater table, topography

1 Urbang population density, available surface area, land status.

1 Socieeconomicg water consumption, local investment capacity, local technical skills,

local financial management skills

2. Determining asanitation chain for the area identified: select a sanitation chain by
eliminating chains that are inappropriate based on the dadkected in step 1. Assess the pros
and cons of the possible sanitation chains against the criteria from step 1.
3. Selectig appropriate technological solution. Determine the feasibility of a technology
based on the following criteria: acceptance by households and by local sanitation
professionaldjfespan of the infrastructure, efficiency of the service, investment and tipgra
cost, design, construction and care and maintenance (C&M), accessibility, range, electrical
energy,required surface area, water requirements.

The next chapter presents information of types ofsite sanitation technology.
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4  ONSITE SANITATIONCHNOLOGIES

4.1

INTRODUCTION

This section provides a summary of the existingsite sanitation technologies in use in South
Africa and elsewhere.

4.2 COMPENDIUM OF SANITATION TECHNOLOGIES

TheCompendium of Sanitation Technologi@slley,2014) published by EAWAG is now in its

second editionThe terminology contained within the compendium has become the accepted

norm for describing sanitation technajees. The compendium providasguide to generic

sanitation options and their application andOrf dzZRS& GKS F2ff2¢6Ay 3 WT dz
associated technologies that are relevant to the WRC Sanitation Technology Assessment:

User Interface

l

1
1
1
1

Dry Toilet

Urine Diverting Dry Toilet (UDDT)
Pour Flush Toilet

Cistern Flush Toilet

Urine Diverting Flush Tlet (UDFT)

Collection and Storage / Treatment

= =4 4 -8 -8 _-4_45_9_°2_2

Single Ventilated Improved Pit (VIP)
Double Ventilated Improved Pit (DVIP)
Fossa Alterna

Twin Pits for Pour Flush

Dehydration Vaults

Composting Chamber

Septic Tank

Anaerobic Baffled Reactor (ABR)
Anaerobic Hier

Biogas Reactor

The vast majority of commercial sanitation technologies can be categorised according to the
Fo2@S ONRGSNRI T 2NJ |
a0G2N) 3Sk NBI G Ye setondle8itomohificRde@s & brief discussion of
emerging technologies which includes the following applicable technologies:

T

l

O2YoAyYylLdA2y 2F (KS W! a

Peepoog biodegradable bag used foraX& i | 02t f SOGA2Y H6KSNB y:+

available.

Compost Filterg various designs of filter exi®iased on the combine filtration and

aerobic filtration of solids.
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1 LaDePa SludgPelletiser ¢ is a dehydration and pasteurisation system designed to
produce organic fertiliser from pit latrine sludge.

4.3 A COLLECTION OF CONTEMPORARY TOILET 2BSABNS
4.3.1 Introduction

This collection is the result of the findings of EOOS research which was supported by Sandec,
the Department of Water and Sanitation in Developing Countries at the Swiss Federal
Institute of Aquatic Science and Technology (Eawag). #rs@/wide range of contemporary
designs along with a valuable list of website links where additional information about each
design can be sought. This publication is a synthesis of the different technologies designed
and produced by The Water Engineerangd Development Centre (WEDC) at Loughborough
University(Shaw, 2014)

The publication includes a number of different technologies, particularly derived from urine
diversion and other dry sanitation systems, several of the featured technologies areigkry
tech such as the Blu Loo, water recycling toilet and the Cinderella combusting @ithetr
feature technologies are listed below. The collection does not provide any information related
to the performance or suitability of the different technologies

4.32 Urine Separation Systas

In addition to the common Urine Diversion systems where the urine is collected from a
specific point on the pedestal, this collection includes some interesting alternatives, including
the Otji toilet from Namibia, which @s the surface tension on the sides of the bowl to divert
urine and the Aquatron vortex separator.

4.33 Portable Toilets

Several designs are catalogued that enable the easy collection and hygienic transport of the
waste. In addition to the camping toilst this includes an interesting rolling called the X
Runner toilet for good mobility in slums

4.34 Dehydration Conveyance Toilets

Mechanical components such as the helical screw of the Intestinal Toilet and the conveyor
belt systems on the Eco Domand Drysan simultaneously transfer and dehydrate the waste
on route to a convenient disposal point.

4.35 Packet Collection Systems

Three of the featured technologies seek to package waste after eachlbsePeepodyag
includes urea to help digest the waste inside the sealed bag and the Loowatt seals faeces in a
biodegradable film.
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4.4 CSIR SANITATION TECHNOLOGY DEMONSTRATION CENTRE
4.4.1 Introduction

A Sanitation Technology Demonstration Centre has been establishetie Council for
Scientific and Industrial Research (CSIR). The centre, a first in South Africa, was conceptualised
and jointly funded by the Water Research Commission (WRC) and the CSIR Built Environment
unit. It is located on the CSIR Built Environtianovation Site in Pretoria.

The purpose of the centre is to provide visitors with the opportunity to viewsitdle
examples of sanitation products and technologies and acquaint themselves with various
sanitation systems available in South Africa. d@isplays, combined with information sheets
and other supporting documentation, provide invaluable information that could assist with
decisions regarding sanitation options.

The centre is aimed at a wide range of stakeholders and role players, includieghment
officials and politicians at local, provincial and national levels, schools, universities,
engineering consultants, developers, ngavernmental organisations (NGOs), community
organisations, as well as members of the public.

A comprehensive rage of sanitation technologies and procta are on display at this opeair
facility, including systems that could be regarded as conventional, as well as some alternative
approaches.

Amongst the exhibits, examples can be viewed of dry sanitation, wiwersion and/or
separation technologies, watdrorne systems and ecological sanitation. The centre includes
examples provided by commercial suppliers, as well as exhibits constructed by the CSIR.

4.4.2 Technologies and products displayed

Sanitation includs the collection and removal, or disposal, of human excreta (faeces and
urine) to promote healthy living conditions. The purpose of any sanitation system is to contain
human excreta and prevent the spread of sanitatrefated diseases.

A range of techologies can be utilised to achieve this, as demonstrated at the Sanitation
Technology Demonstration Centre. The exhibits are grouped into five display areas as follows:

Exhibit area A

This area deals with sanitation technologies that dispose of hunsmtewithout the

use of water as a carrier. The purpose of the exhibits in this area is to display some of

the technology components that would normally be concealed/underground.

Exhibit area B

Included in this area are examples of various top structorésK dzii a ¢ 0 | @ Af I 6
technologies demonstrated in exhibit area A.

Exhibit area C

In this areathe focus is on sanitation technologies that dispose of human waste by
diverting urine away from faeces and-using the nutrients in the excreta agtiéiser.
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The purpose of the exhibits in this area is to display some of the technology
components that would normally be concealed / underground.

Exhibit area D

¢KAA& FNBIF O2yidlAya SEIFYLXSa 2F @I NA2dza
technologies demonstrated in exhibit area C.

Exhibit area E
In this area, technologies that dispose of human waste by using water as a carrier are
on display.

4.4.3 Relevance to Sanitation Technology Evaluation Study

The technologies on display includeriilated Improved Pi{VIP)atrines, top structures and
some emerging technologies that offer a complete sanitation solufidre technologies on
display are not in use, but are on display to demonstrate the appearance and general
functioning of the techologies.The commercial technologies on display were selected on the
basis that they are currently supplying the sanitation industry and were willing to install their
unit free of chargeThe inclusion of a technology at the demonstration centre doesmanhy

way merit its performance and the CSIR does not present any data to this effect.

The following is a list of the technologies / suppliers that are relevant to this study:

Waterless Systems
VIP Toile(not the focus of this study)

Blair Toilet(\VVaration on VIP)

Fossa Alterna

Ecosan Toilevww.ecosan.co.za/

Eco Mitewww.calcamite.co.za/

Enviro Loavww.enviraloo.com/

Waterless Sanitatiohttps://sites.google.com/site/waterlessanitation/
African Sanitatiomvww.0860dryloo.co.za/

= =4 4 8 8 8 2 9

Waterborne Systems
1 NWS Bacterialoiletwww.greensanitation.co.za/

1 Biofil Digestor (digestor onlyww.biofiltechnologies.com/
1 Bio Mite Recycling Systemww.calcamite.co.za/
1 Lowflush Toiletwvww.calcamite.co.za/

These technologies are discussed in more detail in the Sanitation Technology Dossiers.

4.4.4 CSIR Sanitation Capacity Building Study

Louiza Duoker from the CSIR Built Environment Unit is responsible for the demonstration
site and is herself an expert in the sanitation fielthe CSIR is currently busy with a Capacity
Building Study which will investigate the effectiveness of sanitation seletdms, with a
view to compiling a sanitation selection tool to assist stakeholders with the selection of
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sanitation technologies which are appropriate to their specific confeiis study will not go
into the detail of specific technology suppliers buitlwliscuss the generic groups (i.e. dry
sanitation, waterborne toiletsetc.).

¢KS /{LwQ&a OFL}IOAGE o0daAftRAY3I aiddRe gAff O2Y
Tool, and as such our research team has agreed to work closely to develop the raspecti
decision making and evaluation tools.

45 EXISTING TECHNOLOGIES
45.1 Introduction

Several Existing Technologies have beemtifled as indicated in the sectiobelow. The
technologies are discussed in further detaithie Dossier Reportprovided inAnnexureF.

4.5.2 Complete Systems

The following complete systems will be the main focus of the sanitation technology
assessment since they seek to provide a complete solution to onsite sanitation (incorporating
the components for user interfacepllection and storage or treatment).

Waterless Toilets

VIP Latrines (included for context only)
ZerkO Waterless Toilet

Gran Taldoro de la tierra

EnviroLoo

EcoMite Toilet

Biofil Toilet

Solar San

Eco San Waterless Toilet

Afrisan Toilet

Various BMGF pregts (included for discussion)
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Waterborne Toilets

Lowflush¢ Calcamite

Lowflush¢ DSA

Smartsarg New World Sanitation
Bio-Mite Recycling System (BRS)
The Bubbler

HS toilet

DSA toilet

45.3 User Interface

The user interface will, in some form lecorporated in the complete system, with the
exception of the Chemical Toilet and Porta Potysummary of these systems will be
incorporated into the sanitation technology assessment for completeness.

Waterless Toilets

Dry Toilet

Urine Diverting Dry Tilet (UDDT)
Chemical Toilet

Porta Potty

Waterborne Toilets

Conventional Cistern Flush Toilet
Low Flush

Pour Flush

Eai Flushc EnviroSan

4.5.4 Collection and Storage / Treatment

These systems are normally linked to a userrfiaize to form a complete syam. Asummary

of these systems will be incorporated into the sanitation technology assessment for
completenesshowever detailed assessment of the different treatment systems will not be

undertaken since this is well documented elsewhere and the performance of these
components will depend of the linkage with the user interface.

Waterless Toilets

Single Pit (included for discussion)

Double Alternating Pit (Included for discussion)
Fossa Alterna

Biofill Digestor

Peepoo

LaDePa

Black Soldier Fly Lavae (BSF)
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Waterborne Toilets

Leach pits

Septic Tanks

Soakaways / French Drains

Advanced Baffled Reactors (ABR)
Anaerobic Filter

Biodigestors

Horizontal Constructed Wetlands

Vertical Constructed Wetlands

Facultative Lagoons & Maturation Ponds
Package Plants (Excluded from study but will be included for discussion)
Ecological Wastewater Treatment Systems

4.6 EMERGING TECHNOLOGIES

There are numerous emerging technologies that are being developed withnigifidim the
Bill and Melinda Gates Foundation as part of the Reinvent the Toilet ChalMogeof these
technologies are in the prototype development stage and have limited field trials.

In the next chapter, a synthesis of the literature is provided.
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5 SYNTHESIS OF LITERATURE REVIEW

5.1 INTRODUCTION

This chapter presents an overview of literature review.

5.2 LEGISLATION

The South African Legislation, provides a useful context against which the success of a
sanitation technologies should be measur&tlis highlights that people have a right to access
to sanitation, and describes the following requirements of sanitation:

Collection, removal and disposal of human excreta
Safe for the user and operator

Reliable

Affords privacy and protection from the \&ther
Minimises odours

Easy to keep clean

Minimises the risk of sanitation related diseases
Environmentally sound

= =4 4 -4 48 9 -2 9

5.3 SANITATION STANDARDS AND GUIDELINES

The existing guidelines focus primarily of the selection of suitable sanitation system for a
particular site based on the physical conditions (such as settlement density, availability of
existing infrastructure, ground conditions, climagtc.), potential health benefits, risks, cost
implications, operation, user acceptance, and environmental performafibese guidelines
however do not provide a framework to evaluate the performance of an individual
technology, instead they enable the selection of a generic sanitation system such as
composting toiletsrerseswaterborne sewage.

The Maximum Performancee$t provides a useful protocol for testing the flush performance
of waterborne toilets against a minimum required standdfibwever, the literature review

did not identify anything similar for evaluating the performance of the composting systems
or other technologiesWithout such guidancet is impossible to assess a technology and
ascertain whether they achieve the required standard, the minimum standard has not been
set.

5.4 ONSITE SANITATION TECHNOLOGIES

The Compendium of Sanitation Technolodi2314) provides a useful standardisation of the
language and categories sénitation butdoes not go into the depth of the performance of
individual technologiesSimilarly the CSIR Demonstration Centre and the Collection of
Contemporary Toilet Designs prdes a useful reference of different sanitation innovations
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but does not evaluate the performance of these technologidsese resources do however
provide a useful guide to the vast range of technologies that exist and therefore the
complexity associated ithh developing an evaluation protocol that can be applied equally to
the different technologies.

5.5 CONCLUSIONS AND RECOMENDATIONS

With reference to the literature review it is recommended that the evaluation protocol be
developed around the followingriteria:

Criteria Description

1) Safety Prevention of physical harm

2) Heath Prevention of excreta related disease

3) Acceptability Acceptability to user and implementing agent
4) Environmental Performance| Ability to protect and enhance thenvironment
5) Reliability Long term performance of technology

6) Cost Economic considerations

There is a need for a sanitation technology evaluation protocol that enables a thorough and
transparent assessment of different sanitation technologi®@es protocol must clearly
establish a minimum performance benchmark to guide the selection and future development
of good technologies.

In the next chapter, the standardisation of the assessment protocol is presented against these
minimum performancéenchmarks
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6 STANDARDISATION OF SANITATION PROTOCOL
6.1 SUMMARY

It is critical that theHouseholdSanitationAssessment and Evaluation Tabijns with existing
legislation and guidelines wherever practicbhis chapteiidentifies these key standarde
which the tool must align to.

6.2 EXPERTISE OF THE ASSESSOR AND EVALUATOR

To aid standardisation of the sanitation evaluation procéss also important to define the
expertise of the individual undertaking an assessment, or specific portions asgessment.

The Sanitation Technology Assessment and Evaluation Protocol is considered in two parts
each requiring a different expertise:

Part 1: Sanitation Functionality Assessment

This is a detailed assessment of the functionality of the technolagy iacludes an
assessment of the process design, material selection and quality of manufacture for a specific
technology.This assessment will therefore be undertaken by persons with suitable expertise
in wastewater treatment design. Other portions of tlissessment may be undertaken by
materials scientists and an appropriate laboratory or test facility.

This assessment will usually only be undertaken once for a specific technology.

Part 2: Sanitation Suitability Evaluation

This evaluation considers amnge of criteria to evaluate the applicability of the sanitation
technology in a specific contexthis will consider the physical environment, the institutional
structure and supporting infrastructureThis evaluation must be undertaken by an
experiencedsanitation practitioner who is suitably qualified to evaluate the specified criteria.

This evaluation may be undertaken for a specific technology to evaluate its suitability in a
particular application.

6.3 ALIGNMENT WITH EXISTING STANDARDS

The sanitaton technology assessment and evaluation prot@relintended to supplement
existing guidelines by providing specific information related tesib@ sanitation
technologies.

Table6.1 provides a list of applicable standards and guidelines against which the technology
should be evaluatedrhis is not an exhaustive list, and additional standards may apply subject
to the design of the sanitation technology. Specific reference must alsodake to local by

laws that may apply to the sanitation technology, in particular where the use of soakaways or
infiltration systems for the discharge of effluent may be prohibited.
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Table6.1: Relevant Standards and Guidelines

Reference Date | Title Publisker

Act 108 1997 | The Water Services Act DWS

Red Book 2000 | Guidelines for Human Settlement Planning and De§y CSIR

Technical 2004 | Guidelines for the development of water an DWAF

Guidelines sanitation infrastructure (now DWS)

SANS 121 2011 | Hot DipGalvanising SABS

SANS 310 2011 | PE Storage Tanks SABS

SANS 497 2011 | Glazed Ceramic Sanitaryware SABS

SANS 964 2014 | Components of Pressure Pipe Systems {BYC SABS

SANS 1186 2011 | Symbolic Safety Signs SABS

SANS 3001 2014 | Soil Testing SABS

SANS 5221 2011 | Microbiological analysis of water General test SABS
methods

SANS 56670 | 2007 | Water quality ¢ Sampling Part 10: Guidance ( SABS
sampling of waste waters

SANS 56613 | 2007 | Water quality ¢ Sampling Part 13: Guidance ( SABS
sampling of sludges from sewage and water treatm
work

SANS 6048 2010 | Water¢ Chemical oxygen demand SABS

SANS 6049 2010 | Water¢ Suspended solids content SABS

SANS 10100 | 2000 | The Structural Use of Concrete ParDEsign SABS

SANS 10102 | 2014 | The Structural Use of Concrete Part 2: Materials | SABS
Execution of Work

SANS 10112 | 2011 | The installation of PE and PVC pipes SABS

SANS 10162 | 2011 | The Structural Use of Steel SABS

SANS 10252 | 2012 | Water Supplynstallations SABS

SANS 1040P | 2010 | The Application of the National Building Regulatiqri SABS
Part P: Drainage

SANS 1040Q | 2011 | The Application of the National Building Regulatiqri SABS
Part Q: Non waterborne means of sanitary disposal

SANS 10142 | 2012 | The Wiring of Premises Part 1: Low Volti SABS
Installations

SANS 12944 | 1998 | Paints and Varnishes SABS

SANS 52566 | 2004 | Small Wastewater Treatment Systems SABS

SANS 53121 | 2009 | GRP Storage Tanks SABS

General 2013 | GeneralAuthorisations in Terms of the National Wai DEA

Authorisation Act, 1998 (Act No. 36 of 1998)

By-Laws Applicable Local Baws
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6.4 STANDARD DESIGN PARAMETERS

This protocol applies tonsite, household sanitationThis broadly definethe context of the
technology. lwever, it is evident from the literature review that there is a need to
standardise the influent loading rates, and minimum standards for effluent discharge.

Schools and clinics will have different loading rates due to the peak loadingrmatand
higher concentrations of urine to faeces and as such the influent loading rates included in
Table 6.2 will not be applicable to these institution§Vhere a toilet is shared between
multiple households, or the household has more the 6 people, tHeading rates will
underestimate the loadings that the technology will be subjected to and therefore the peak
number of users per toilet must be qualified.

Table6.3 presents the General Authorisation Limits for effluent dischahgehe event that

the technology makes specific claims about the effluent quality, the treatment performance
of the technology should be measured against this claim, and also compared to the General
Authorisation Limits.

Table6.2: Typical Daily Influent Loading Rates (based 6 people per household)

Waterborne

Dry 1K 2K Dual 6K With.
Determinant Unit UDDT | San* | Flush | Flush | Flush Flush | Sullage
Liquid Volume Litres/day | O 10 40 70 100 190 790
Wet Solids Kg/day 1,2 1,2 - - - - -
COD Y3k K 720 000 | 72000 | 18 000 | 10 000 | 7200 4 800 | 900
Suspended Solids| Y 3 Kk K - - 13500| 7 700 | 5400 2800 | 700
TKN Y3k K 60 000 | 6000 | 1500 |900 600 300 80
Total P Y3k K 12000 |1200 |300 170 120 60 15
Soap, Oil & Greas| Y I kK K - - 2000 | 1100 | 800 400 100
E. oli No./100Y K | 1x10° | 1x10° | 3x10 | 2x10 | 1x10 5x1¢ | 1x10

Table6.3: Minimum Standards for Effluent Discharge

Determinant Unit General Limit Special Limit

Faecal Coliforms CFU100mK | 1000 0

Chemical Oxygen Demand* Y3k K 75 30

pH 5.59.5 5.57.5

Ammonia (as Nitrogen) Y3k K 6 2

Nitrate/Nitrite as Nitrogen Y3k K 15 15

Chlorine as Free Chlorine Y3IKK 0.25 0

Suspended Solids Y3k K 25 10

Electrical Conductivity mS/m (70mS/m above intake) | (50mS/m above intake)
max 150mS/m max 100mS/m

Ortho-Phosphate as phosphoroy Y 3 k K 10 1(med.)2.5 (max)

Soap, Oil & Grease Y3k K 2.5 0

*after the removal of algae
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More recently, the American National Standards Institute (ANShHd TUVSUD Water
Services with support from the Bill & Melinda Gates Foundati@me in the process of
developng an Internatonal Organization for Standardison (ISO) International for nen
sewered sanitation systen{3able 6.4. In thedraft ISO for norsewered sanitation systems,
the liquid output performance is expected to have the following threshold:

Table6.4: Effluent threshold for discharge from nesewered sanitation systems

Category A usage:
Threshold for unrestricted urban
uses

Category B usage:

Threshold for discharge into
surface water or other restricted
urban uses

COD (mg/l) Xp n XM p n

TSS (1) XXM n Ko n
Health thresholds

E. col(CFU/qg) 100

Ascaris suunfviable ova) <1

Crystospridiun{oocysts) <1
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/7 STANDARD SYMBOLOGY & TERMINOLOGY
7.1  SUMMARY

To aid clear communication of the Assessment & Evaluation Protocol, a series of symbols have
been developed to provide a quick visual reference to the different components of the
sanitation technology, together with details related to the suitable sitind aperation of the
technology.

7.2 TECHNOLOGY FEATURE

The sanitation technology is categorised according to its components and functiomakty.
terminology used in the EAWAGompendium of Sanitation Technologiess become the

accepted language for describing sanitation technol®gy.2 | DQa OF 4 S3IA2NE Yy I YS
schemes are therefore used in this protocol to assist with consistency across the different
publications.A single sanitation technology may comprjgst one or many of the features

described below by the five square symbols.

7.2.1 User Interface

The part of the sanitation technology that the user interacts
with as part of normal use. This includes the toilet pedestal
and any flush mechanism or legehat need to be operated
after use.

7.2.2 Collection and Storage / Treatment

This describes the method of collecting and storing the
faecal waste and urine. Full or partial treatment may be
integrated with this process.
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7.2.3 Conveyance

The method by which the waste is transported from the
point of use to subsequent treatment and /or disposal. This
will typically be via a piped sewer system or carting the
waste by hand or machine to a suitable treatment / disposal
site.

7.2.4 Treament

The process of treating the faecal waste for subsequent use
or disposalThis will primarily involve the removal of faecal
coliforms butmay also include trash removal and
dehydration processes.

7.2.5 Use/ Disposal

This category describelse use or disposal of the faecal
waste that is removed from the sanitation technology
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7.3 TECHNOLOGY DESIGN AND OPERATION

The category of the technology design is considered in addition to the other key parameters
which provide quick reference to the suitability of the technology in different applications
(i.e. shallow groundwater, drigh-densitysettlements).The circulargmbols are presented
below under five colour coded categories.

7.3.1 Sanitation Category

Chemical Toilet

Requires chemicals to be added to the toilet to control odours
and to assist with the breakdown of faecal waste.

Dry Toilet
Toilet does notequire water or chemicals to be added during

normal operation. The faecal waste dries while it is being
stored.

Urine Diversion Dry Toilet
Similar to the dry toilet, this
chemicals to be added during
separate from the faecal waste
process and help to control
urine may be harvested for

(UDDT)

does not require water or
normal operatim. Urine is
to assist the drying
odours. The collected
fertiliser.

Pageds



Household Sanitation Technology Assessment & Evaluation Final Report

Waterborne Toilet

The toilet requires water for flushing and possibly conveyance
of the faecalwaste. The water is usually used to create a
water seal to prevent odours inside the toilet cubicle.

7.3.2 Standard Operation Details

Emptying Frequency

Most systems require
periodic emptying to
remove faecal sludge from
the storage facility. Thisiay
be as frequent as every 2 to
3 days or longer than a year
depending on the design
and loading rate of the toilet

Requires Consumables

Some sanitation technologies require the supply of
consumable items for their day to day use, this may be lime
or sawdust used to control odours, or bags/membranes used
to collect and store the faecal waste.
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7.3.3 Method of Emptying / Disposal

Requires a Sewer Connection

The faecal waste is discharge into a pipe that must be
connected to a sewer for conveyanttea treatment facility,
this may be a centralised municipal treatment works, or a
treatment facility that is integrated with the technology.

Manual Emptying

emptied by hand or by
remove the waste from the
treatment / disposal facility,

Requires Mechanical or
The faecal waste must be
mechanical means to
toilet and transport it to a

either on site or off site. w

7.3.4 Location of Treatment

Treatment on site
Faecal sludge is treated on site as part of the sanitation

technology

Treatment of site
Faecal sludge must be carted away from the site for
treatment at a separate facility that is not part of the

sanitation technology design.
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7.3.5 Siting of the Technology

Can be installed inside the home

The technology is considered to betabie for installation
insider the home without problem odours. The technology is
also sufficiently compact or can be configured so that the
user interface can be installed inside the home.

Suitable for high density settlements

The technology isonsidered to be sufficiently robust and
compact that it can be installed within high density urban
settlements.

Suitable for shared use
The design of the technology and its operation is considered
suitable for installation in shared or communatifdies.

Suitable for a single household
The design of the technology and its operation is considered
suitable for installation in a single household.
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Groundwater Conditions

for installationwhere there is
shallow rock that would
deep pits.

Suitable for Shallow

The technology is suitable
shallow groundwater or
prohibit excavation of
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8 FUNCTIONALITY ASSESSMENT

8.1 INTRODUCTION

The functionality of the sanitation technology considers the ability of the sanitation
technology tgperform the intended purposedith reference to the Standard Symbology and
Terminologyall household sanitation technologies applicable to this protocol must have a
user interface (toilet pedestal) and means of collecting and storing the waste for corasni
disposal or treatment

This assessment should be applied to all sanitation technologies not fully covered by the
standard guidelines identified ifable 31. For this reason, Ventilated Improved Pit toilets
and Septic Tanks do not need to be evaldaby this assessment protocd@imilarly, this
assessment should not be applied to staaldne effluent treatment technologies that are

not packaged with a user interfac&hese technologies should be evaluated in accordance
with the WRQyuidelines for dorastic wastewater package plants as presented WRC report
numbers K5/1869, TT 620/14 and TT 621/14.

Most sanitation technologies applicable to this protocol will include a treatment process for
the onsite disposal of treated effluent or to enable the relayg of liquid within the sanitation
technology.The functionality assessment of these technologies will consider whether the
technology is able to consistently treat the faecal waste to a sufficient quality for disposal or
re-use. Where a sanitation techmlogy contains the faecal waste for afite disposal, the
integrity of this container is considered together with an evaluation of filling rates and
emptying cyclesThe presence of the supporting infrastructure and the institutional structure
required fa the sustainable operation of the technology is considered under the suitability
evaluation of this protocol.

8.2 ASSESSMENT PROCEDURE

The assessment of the technology requires input from both the supplier and the assessor. The
flow chart presented irFigure 81 presents a summary of the assessment procedure and
feedback loops to the technology supplidihe assessment is sequentiAfter satisfactory
performance for a specific criterionthe assessment will proceed to the next stage.
Unacceptablgerformance at any stage will be fed back to the supplier to inform modification

of the sanitation technology for rsubmission by the supplier.

Where the overall functionality of the sanitation technology is considered to be acceptable,
the technology wll be recommended for household use within a defined cont&iie
acceptance of the technology may also be accompanied by recommendations for the supplier
to further improve the performance and robustness of the technology.
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Figure 8.1: FunctionalityAssessment Procedure

FEEDBACK LOOP

SANITATION TECHNOLOC]

Product Description

Visual Inspection

------------- ” Accepi

YES

Review Applicable Standards

= ————————— Accent
NO

YES

Assess Structural & Mechanica
Performance

== =—— Accept

YES

Assess Process Performanc:

------------- Accept

YES

ACCEPTABLE FUNCTIONAI

Pageb5l



Household Sanitation Technology Assessment & Evaluation Final Report

8.2.1 Product Description

The supplier must provide a fudlescription of the product that will include the following
information:

1 A clear description, illustration and photographs of the technology and its
components.

1 A full description of the intended context of the sanitation technology, (humber of
users,ground conditions, supporting infrastructuretc.)

1 A full description of the process design, which will include the following information:

0 A scientific explanation of how the product works and details of limiting
parameters (if any).

o0 Mass balance and lding diagrams clearly indicating the function of each
component and the complete system. This will include quantification of the
following parameters which may enter and leave the system:

A Water
A Materials and Consumables
A Chemical and Microbiological detemaints.

1 A full description of how the technology is operated, including details of all access
points, maintenance intervals and any operational structures required for the
effective performance of the technology.

1 Full details of the hygiene benefits amdgact on public health with specific reference
to effective barriers against faecal related diseases, fly and vector infestations and
odour control.

1 The details of all applicable standards to which the technology complies, together with
certification whee available.

1 Where scientific testing has been undertaken by a qualified indeperttiedt party,
the supplier should provide full details of this evaluation, and any modifications to the
design that have been undertaken since the evaluation was conthlete

8.2.2 Desktop Review of Process Design

The process design of the sanitation technology will be reviewed with reference to the
influent and effluent parameters identified ifable 6.2 and Table 6.3. Any discrepancy
0SU6SSY (KS & dzLILJthe ENEN@e pRrévedrslvildasseaséd tbggitier

with the expected performance of the technologyhe desktop review means the
technologies can be evaluated during their conceptual and prototype stddgespurpose of

this assessment is to identify fuadchental flaws in the process design so that these can be
identified before expensive laboratory and field assessments are undertdakéntheoretical
assessment may also be used to identify why a given technology is not performing as expected
in the field This assessment must be undertaken by an experienced sanigtgineer and
cannot easily be guided by empirical data due to the variety of technologies on the market.
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8.2.3 Visual Inspection

The supplier must provide a sample of the sanitatiechnology for visual inspection by the
assessor or must provide details of where this technology can be inspdatéidietails of
existing installations, the period of operation and any failures that have occurred should be
provided as applicabléThe asessor will conduct a visual inspection of the technology to
appraise the quality of materials and fabrication.

8.2.4 Review of Applicable Standards

The assessor will consider which standards apply to the technology and the extent to which
the technologycomplies with these standard3his will include, but not be limited to the
standards summarised ifable 61.

8.2.5 Assessment of Structural and Mechanical Performance

In the absence of long term field trials, it may be necessary to conduct labonaisis/ to
assess the strength and robustness of materials used to fabricate the techndlbgye the
technology includes bespoke mechanical components that are not directly covered by an
appropriate SANS document, it may be necessary to undertake cysficgt¢o assess the
performance of the technology against the intended design life.

8.2.6 Assessment of Process Performance

The overall performance of the technology to provide the required treatment function, will
preferably be undertaken at an existiimgstallation that has been subjected to extended and
continual use.Where the technology is located in an area subjected to large climatic
variations, it may be necessary to test the performance of the technology during both warm
and cool conditionslf it is only possible to complete a single test, this should preferably be
undertaken in the winter when ambient temperatures are cooler, as most treatment process
perform better in warmer conditions.

Where the technology has not been subjected to extendetftlftrials, it may be possible to
establish a laboratory test facility for the technology, whereupon it will be fed with an
appropriateinfluent as indicated ifable 62. This test must be conducted for a minimum of
12 months to allow the measurement &feasonal performancetHowever, the cost of
establishing and running a 48onth laboratory test is likely to be prohibitive, and in any case
the extended field trials will provide the only true measure of functionality in a real
application.

This assessmenvill focus on the characteristics of the influent and the treated effluent to
ensure that the technology is achieving the minimum performance requirements identified
in Table 6.3. Where the supplier claims a higher level of performance, this will also be
evaluated.
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8.3 DETAILED ASSESSMENT OF PROCESS PERFORMANCE

Figure 82 provides a summary of the different sanitation processes and the typical tests required to assess the performance ot@gyiechno
The technologies are categorised axing to their treatment process, hamely Chemical, Physical, Biological and Mechanical. Examples of the
different sanitation treatment technologies which use these processes are given together with the typical tests requissgds the
performance of he different technologies-ull details of the tegbrocedures are given iAnnexureB.

Figure 82: Praess Design Assessment Criteria.

IDENTIFY TREATMENT PROCESS

Process CHEMICAL PHYSICAL BIOLOGICAL MECHANICAL
Categoryl CHEMICAL | | DRYSANITATION | WATERBORNE |
AEROBIC ANAEROBIC
Example| Chemical Toilets Pyrolysis Dehydration Leach Pits Septic Tanks Membrane
Technologieg Porta Potty Hydrothermal Desiccation Compost Toilets Biodigestor Ultrafiltration
Carbonisation Urine Diversion Activated Sludgg ABR
Bag Separation Biofilm | Bio-Augmentation

Loading Rategorm B.1)& Sludge Accumulation Ratg=rm B.2)

Process Test

Water
tightness(B.3)

Temperature(Form B.5)

Water tightnesgForm B.3) Water tightnesgB.3)
Air tightnesgForm B.4) Filter Integrity(B.6)

Effluent Tests

Moisture content(Form B.7)
Faecal Coliform&orm B.8)

Determinant identified in Table 2®orm B.9)
(COD, TSE&, coliN, Retc.)

Protozoa and Helminths (Where supplier claims waste is sanitfead)B.10)
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9 EVALUATION CRITERIA
9.1 INTRODUCTION

The sanitation technology evaluation criteria need to be applied to a range of different
technologies with varyingperation principlesFor thisreason,it is not possible to produce a
SABS style document that prescribes specific design requirements for each compidreent.
evaluation criteria must apply equally and fairly to all sanitation technologies.

Based on thefindings of the literature review and an assessment of the performance
requirements of a sanitation technology, six evaluation criteria have been identified. While a
successful sanitation technology must perform well under all six criteria, they arasaésb |
sequentially whereby the technology MUST perform satisfactorily in the initial criteria for
their performance on the remaining criteria to be of any relevance.if a technology
presents undue risk of physical injury due to unprotected excavationsunstable
construction, it is irrelevant that the same technology may have excellent Environmental
Performance and is very low cost.

A minimum standard is identified within the evaluation critelfahe technology should fail
on any one of these catia it will be considered unacceptable and inappropriate for use. The
technology will be evaluated according to the features that are included in its design.

9.2 SAFETY

The technology must not present undue risk to children or adults during the norma ob
the facility.

It is fundamental that the sanitation technology does not cause physical harm to the user, in
particular children and the elderly who are more vulnerable to injiiy considerations will
include whether the technology presents a ridifalling into deep excavations or water. For
example, criteria would include whether the outlet of the pedestal is small enough to prevent
small children from falling through, and whether covers to septic tanks are secure and robust.
Other safety considations will be associated with the strength of the pedestal to support
the user and the mode of failure in the event that the pedestal or other component should
break during use or maintenance.

9.3 HEALTH

The technology must effectively contribute to therevention of excreta related disease for
the user and neighbouring community.

Faecal sludge is unpleasant to deal with but is not necessarily in and of itself hazakdous.
significant percentage of faecal sludge is comprised of harmless straifiscdif and other
bacteria which populate the human digestive tract and assist with the processing and
absorption of food.Some of these bacteria assist with the further decomposition of the faecal
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material after it has been deposited in the pithe fresh faees of a healthy individual contains
in the order of 100 00000 faecal coliform bacteria per gram, none of which are harmful.

Sludge becomes dangerous when the people who use the toilets are carriers of infectious
diseasesUnfortunately, there is typically a high incidence of infectious diseases amongst the
very communities where the sanitation technologies are more commonly (&eue of the
pathogens encountered are:

1 BacteriaShigella (Bacillary dysentery / Shigellosis), certainnsti@fie. col(Eschericha
Coli), salmonella, typhoid and cholera

1 Viruses: Rotovirus, Hepatitis A & E.

1 Protozoa (parasitic): GiardiAmoeba(EntamoebeaHistolytica)

1 Helminths (intestinal parasitic worms): e.@scaris lumbricoides(roundworm),
Trichuris tichiura (whipworm), Necator americanys Taenia (tapeworm) and
Ancylostoma duodenalgookworm)

Figure 9.1:Helminths commonly occurring in faecal sludgiEom left Giardia; Taenla sp.
Cryptosporidium; Trichuris trichiura; and Ascaris

In South Africa, Ascaris, Giardia, Trichuris, Cryptosporidium and Taenia are the most prevalent
parasites infecting humans, with sludge samples extracted from latrines located in densely
populated informal settlements often revealing massive parasite loAdsnvestigation into
helminthic and protozoan parasites conducted by the University of-Kuba Natal (PRG,
2008) based on samples from VIP latrines used by 120 households indicated that:

10 % of samples had neither type of parasite
60% had Ascaris

55% had Giardia

50% had Trichuris

21% had Cryptosporidium

11% had Taenia; and

60% had either Cryptosporidium or Giardia

= -4 -4 -4 -4 -—a -1

The primary reason for a sanitation facility is to provide a hygienic means for collecting and
disposing human excreta and urin€onsequently it is important that the technology
minimises contact with faeces through good containment of faeces and effective vector
control (to prevent flies from coming in contact with faeces and subsequently contaminating
food). If the technology dog not easily soil and is easy to clean, this also contributes to the
provision of a hygienic toiletf the location and operation of the toilet is convenient and
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simple, it is more likely to be used properly, therefore contributing to continued health
benefits.

9.4 ACCEPTABILITY

The technology muston reasonable justificatiore deemed acceptable by both the user
and implementing agent who will be responsible for the supply and maintenance of the
technology.

The acceptability of a technology can ofteecome politicised, and it is therefore important

to establish the acceptability of the technology for both the user and the implementing agent.
The provision of a private, convenient toilet that is of a high quality which is equitable to the
standard of anitation in neighbouring areas, and which is free from odours is likely to lead to
user acceptancelhe implementing agent is likely to weigh these considerations against the
cost and practicality in terms of supporting infrastructure that is requiresktwice the toilets

and treat the faecal waste.

9.5 ENVIRONMENTAL PERFORMANCE

The technology must effectively protect and where possible enhance the environment.

Sanitation technology must prevent leaching of faecal contaminants and chemicals into
groundwvater and rivers and must minimise the waste that is disposed to landfill during both
operation and decommissioning of the faciliy.good sanitation technology will apply all of
Wi AT 8 BIARY OA& Rigure ezaTaeNdrincifid? cah Papplied to all aspects of a
good sanitation technology. Specific to the environmental performance, the technology must
0S WNXa2dz2NOS SHFMNAGKHYRSLBO OKYSRAAWBMAZNE OfOA S 322 R 0.
minimum natural resources and will enabtecovery of resources such as energy and
nutrients. The technology should also use biodegradable or recyclable materials.

9.6 RELIABILITY

The technology must demonstrate, or have good potential for reliable, long term
performance.

The success or failerof a technology may be attributed to a large number of factors,
including the robustness of the technology itself, the correct application of the technology,
effective training and proper operation by the user, operational support by the implementing
agent, and availability of spares and maintenance supp@tnsequently,it is almost
impossible to hypothesise about the reliability of a sanitation technology without actual field
trials that demonstrate the technology is reliabfe minimum of two yearSsuccessful trial is
required to prove that the technology is reliablewever shorter trials may highlight failures

or weaknesses in the technology.
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9.7 COST

The technology must be available a reasonable cost with consideration of the full life
cycle(supply, operate and maintain)

There is a tendency for buyers to evaluate technologies on the upfront cost, or perhaps with
consideration of a 1-2nonth or 24month maintenance agreemeni.heactual cost of the
technology for the full life cycle is however a fundamental consideration that must be
considered to ensure effective use of funds. The capital cost of buying the sanitation
technology may be relatively small in comparison with the cbstperating and mairaining

the technology over a 1® 20-year period.

Key considerations in the cost calculation will be the cost of consumable items such as lime

or collection bags, the cost of emptying and disposing the waste, and the cost ofa@elac
parts.Frequent emptying cycles can result in very high operation costs.
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Physical harm

-Proximity to home (crime risk)
-Deep Excavation
-Risk of Drowning

Household Sanitation Technology Assessment and Evaluation Final Report
9.8 SUMMARY
Table 91z Summary of Evaluation Criteria
Criteria Description Key Considerations Evaluation
Procedure
1) Safety Prevention of | -Safe forChildren Risk Assessment

Likelihood and severity
of a particular hazard

2) Health

Prevention of
excreta related
disease

-Easy to Clean

-Hygienic

-Convenient (more likely to be used)
-Good Fly Control

-Prevents / Minimises contact with
undigested faecal matter during use
and maintenance

Faecal Contact

Assessment
-Frequency of contact
-Concentration of
faecal sludge,
Likelihood of ingestion
(handling procedure)

3) Acceptability

Acceptability
to user and
implementing
agent

-Privacy

-Ease of use / comfort
-Convenience

-Versatility

-Safety

-Equity / Quality

-Odour Control
-Employment Creation
-Supporting infrastructure
requirements (i.e. WWTW?)

Scorecard
Questionnaires

&)

-Resistance to Vandalism
-Availability of spares & consumables
-Material durability (UV stable, fire
resistanceetc.)

-Design Life

4) Environmental | Protect and -Freshwater Consumption Scorecard
Performance Enhance the | -Resource Recovery Potential
Environment -Pollution Control _
e -Hazardous Materials
5) Reliability Long term -Historic Performance Scorecard
performance -Number andage of working
f technolo installations
0 gy -Robustness

Economic
Considerations

-Capital Cost
-Operational cosfconsumables)
-Maintenance costs (spares, emptyin

Life Cycle Cost
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10 EVALUATION PROCEDURE
10.1 HAZARD RISK ASSESSMENT

A Risk Assessment is the process of analysing the level of risk associated with an activity,
considering whether hazards are adequately controlled. The completion of risk assessments
is common to the construction industry and as part of good Occupatiogalttiand Safety
practice.

With reference to the sanitation technology evaluation, the purpose of a risk assessment is
to identify any unacceptable risks people may be exposed to during the normal operation and
maintenance of the technologyhe signifiant hazards are those which might pose serious

risks to the user, the operators, or others who might be affected by the sanitation technology.

TocalculateriskD2 Yy AA RSNJ G KS fA]1StAK22R 2F |y S@Syi
consequences.hils can be expressed in the formuRisk = Likelihood x Severity

Stepl

Consider who might be harmed and how. Identify groups at gk the user maintenance
personnel, the publicetc.

Step2

Analyse and evaluate the risks and determine é¢ffectiveness of control measures included
in the design of the technologistimate the likelihood of events combined with the probable
severity of the outcome of the risk and award a score based on the scales gihanied0.1.

Note that it cannot be ssumed that simply because a control measure exists it is being
effectively applied.

Table 101: Risk Assessment Scales

Score Likelihood Severity
1 Unlikelyq has never happened Slight¢ minor injury
2 Possible; has happened Moderate¢ resulting in
absence
3 Likely¢ happens regularly Serious; urgent medical
attention
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Step3

Plot the risk assessment score for each activityfahle10.2 in order to determine whether
a risk iHigh, andLow.

Table10.2: Risk Assessment Matrix

SEVERITY
No Effect | Slight | Moderate | Serious| Major | Catastrophic
SCORE 0 1 2 3 4 5
A | Impossible| 0 0 0 0 0 0 0
8 Unlikely 1 0 1 2 3 4 5
T | Possible 2 0 2 4 6 8 10
< | Likely 3 0 3 6 9
- | Probable 4 0 4 8
Imminent | 5 0 5 10
Risk FactoRating:
Low 14
Medium 5-12
High 1525
Step4

Use the matrix given ifable 103: to provide the Evaluation Score

Table10.3: Risk Evaluation Matrix

ASSESSMENT RESULT SCORE

All Identified hazards considered impossibl
or have no effect
All Hazards considerddw Risk 75

A maximum of two Hazards considered to | 50
Medium Risk all other hazards low risk

Three or more hazards considered to be 25
Medium Risk all other hazards Low Risk

One or more hazards considerefigh Risk -
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10.2 FAECAL CONTACT ASSESSMENT

Following on from tk information given in Section §.fecal coliforms, and more specifically
Escherichia coltan be used as an indicator of residual faecal pollution by waownded
animals (including human faeces). Cemsently E. coliis commonly used to evaluate the
quality of wastewater effluents and faecal sludge, and most water quality laboratories are
able to provide analysis of the numberf colfound in a faecal sludge sample.

The presence of faecpbllution may indicate the presence of pathogens, which if ingested in
sufficient quantity are responsible for infectious diseases such as gastroenteritis,
salmonellosis, dysentery, cholera and typhoid fever.

Low levels oE. colin faecal waste may incite effective treatment of the faecal bacteria,

but this does not necessarily mean that protozoa and helminths have been effectively
removed from the wasteHelminth eggs in particular are particularly resilient and survive in
digested faecal waste for geral years.However with the exception of a handful of
specialised laboratories, the sampling and detection of protozoa and helminths in faecal
waste is not reliable, and for this reason the faecal contact assessment is based on the
guantity of E. coliin the faecal waste correlated with the handling procedure and risk of
ingestion of faecal waste.

Epidemiological studies by the United State Environmental Protection AgeR&)dentified
a rough correlation between the incidence of gastrointestitiaess amongst people who
swam in rivers, according to the following formula:

lliness rate per 100 000 people-£50.5 + 423.5 x lag(no. E. coliper 100ml of water)

This means that wher&. colirates are 1 000 per 10, approximately 1% of swimmer
would suffer from gastrointestinal illness, increasing to 2.4% whgereolicounts reach

1 000000 per 100ml. As discussed in in Secti®r8, the quantity of harmful pathogens in an

E. colicount is likely to be higher in the context of the sanitattenhnology study. It would

be expected therefore that the above equation underestimates the illness rates in the South
African contextHowever, the logarithmic correlation betwedn coliand illness still applies.
This forms the basis of the faecal cotttassessment describexd Table 10.4
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Table10.4;: Health Evaluation Factors

Frequency of Contact Likelihood of Ingestion
Frequency of Factor Nature of Activity | Factor
Contact
<1 0 Longer than a year 1 Handling of sludgg
in sealed 2
10 1 Once a year 2 container
100 2 Every 6 months 3 Mechfamcal 4
X x | handling of sludge
1 000 3 Every 2 months 4 Manual handling )
10 000 4 Every month 5 el SleEE
100 000 5 Every2 weeks 6 Manual handling .
1000000 | 6 Every week 7 iRt EuelsE
10000 000 7 Twice a week 8 Appropriate PPE 0
100000 000 8 Every Day 9 notworn

The likelihood score assumes that all people involved in the operation and maintenance of
the technology will wear the appropriate Personal Protective Equipment (gloves, gum boots,
face masketc.) and will observe good hygiene practice (washing hands and clothes). Failure
to use appropriate PPE will automatically result in a factor of 10 to Ipdepregardless of

the nature of the activity.

Where there are multiple activities associated with the operation of the sanitation
technology, these shall be evaluated separately and added together to establish the final
rating. Forexample where the excavation and disposal activities are separate these shall be
evaluated separately.

Health Rating = 10R300-0 { O2NBEmM b { O2NBH b { O2NXBo
300

Where the sum of the scores is greater than 300, the minimum health rating of ZERO shall
be applied and the technology deemed to have unacceptable performance.

With reference toTable 104, a sanitation technology with faecal sludge that has=arcoli
count of 1000000 per 100ml, which needs to be emptied every month by manual handling
of drysludge would score 6 x 5 x 6 = 180.

100 x(300-180)=40 points
300
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10.3 ACCEPTABILIBCORECARD

The Acceptability scorecard asks a series of questions that probe into the adtgptda

technology for a given applicatioithe questions should be completed in consultation with

0KS dzaSNJ FyR 2FGSNJ { SNPAOSa ! dziK2NAR{G&szZ adz
necessary.

A cumulative score is obtained based on the response tdlifferent questiongTable 10.5.

IF the response to ANY of the questions is markeddd text with a ZERO point score, the
overall Acceptability rating of the technology will be ZERO.

Table10.5: Acceptability Scorecard

Category Description Response Points
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Table 10.5(cont): Acceptability Scorecard
Category Description Response Points
Conveyance 20
Operation What is the method of transporting the Sewer 5
waste once the collection facility is full| Integrated into design 5
(helical screw / cart)
Vacuum Truck 3
By Hand 1
How often does the collected waste | Continuous (Sewer) 5
need to be emptied? > 1 year 5
> 6 months 4
> 1 month 3
> 1 week 2
< 1 week 1
Does the Implementing Agent or YES 10
appointed service provider have NO 0
sufficient capacity to support the
required operationrand maintenance
activities?
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104 ENVIRONMENTAL PERFORMABGERECARD

The Environmental Performance scorecard seeks to rank the technology according to the
extent which it protects the environment frorpollution and promotes effective use of
natural resource¢Table 10.6

A cumulative score is obtained based on the response to the different questieribe

response to ANY of the questions is markedrau text with a ZEREpoint score, the overall
Envronmental Performance rating of the technology is ZERO.

Table10.6: Environmental Performance Scorecard

Category Description Response Points
Water How much water is required to No Water (dry toilet) 25
Consumption operate the toilet?

Only Greywater arecycled 20
water

X m fAGNB LIS| 15
>1FyR X w fA{ 10
>2andXX ¢ fAGNYH 5

X ¢ fAGNBa L] 0

Pollution Control | Does Effluent discharge or No Effluent Discharge 25
leachate meet the appropriate
standards prescribed in the Leachate/supernatant 20
Departmentof Water Affairs proven to meet required
general authorisation limits? standard within Im of the

base of the pit/soakaway

Effluent Fully complies with
General Authorisation limit 20

Effluent Discharged to
Municipal facility

15
Effluent within 20% of
General Authorisation limit:

10
Effluent more the 20%
above the General
Authorisation limits

0
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Table10.6 (cont.): Environmental Performance Scorecard
Category Description Response Points
Resource Does the technology seek to Design demonstrates 25
Recovery recover resources (such as Energ effective energy AND
in the form of biogas and Nutrient| nutrient recovery
in the form of urine or compost
fertiliser) as part of its design? Design demonstrates 15
effective energy OR nutrier,
recovery
Design Incorporates energ 10
or nutrient recovery
measures with limited
success
Design does not include 5
resource recovery measure
Materials Does the technology use All materials are 15
environmentally materials that arg biodegradable or can be
biodegradable, or can be recycled
effectively recycled?
<20% of materials are not 10
biodegradable or recyclabl
>50% of materials are not
biodegradable or recyclabl 5
Chemicals Does the technology require the | No hazardous chemicals 10
use of hazardous chemicals as pg used
of its operation and maintenance’
Some hazardous chemical 5
are used that are well
contained within the
technology
Hazardous chemicals are
used hat present a high 0
risk of polluting the
environment.
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10.5 RELIABILITSCORECARD

The Reliability scorecard concentrates on the loeign performance of the technology,
where possible verified by historic performance data and fiedfication.Good scores will

only be achieved where the technology can demonstrate successful historic performance for
more than two yearsWithout the benefit of long ternsuccessit is not possible to verify
whether the technology is reliableemergirg technologies which do not have a letagm
performance record may still obtain an average score, while failed technologies or
technologies with an inadequate support framework will achieve low scores.

A cumulative score is obtained based on the respatuséhe different questionsIF the

response to ANY of the questions is markedrau text with a ZER@point score, the overall
Environmental Performance rating of the technology is ZERO.

Table10.7: Reliability Scorecard

Category Description Response Points
Historic Total Number of functioning >10000 20
Performance Installations (sample verified by >1000 15
references) >100 10
>10 5
Lab only 1
Duration of functional installations >10 years 20
(excludedaboratory-basedprototypes) | >5 years 15
> 2 years 10
X H &SI NE& 5
Lab only 1
Robustness Material durability (strength, UV Stablg Selected materials 10
and fire resistance) have proven durability
Selected materials 5
have theoretical
durability
Selected materials nof 0
suitable
Resistancéo vandalism Proven resistance to 10
vandalism.
Theoretical resistance 5
to vandalism
Selected materials 1
prone to vandalism
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Table10.7(cont.): Reliability Scorecard
Category Description Response Points
Maintenance Technical Support Supplier demonstrateg 20
effective training and
good long term
support
Limited support 10
available
No technical support 0
or training provided
Avalilability of Spares and Consumablq Readily available at 10
local stores
Available from 5
supplier orrequest
Insufficient 0
availability of spares
and consumables
Design Life Considered lifespan of technology > 20 years 10
before replacement of major > 15 years 15
components required. > 10 years 10
>5 Years 5
<5 Years 1
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10.6 LIFE CYCOOST

The life cycle cost of a sanitation technology considers the following:
1 capital cost of purchasing the technology
91 annual cost of operation (including labour management and consumable items such
as collection bags), plus
1 Maintenance cost over the gw period, repairs and disposal of faecal waste.

There is a need for sanitatioiechnologies to provide a loAgrm solution to avoid the
repeated provision of basic services, especially while there are still backlogs of service
provision in South Africddowever for the purpose of this protocol a design life of 10 years

is used, i.e. at the end of 10 years this assumes that the capital cost needs to be paid again.
Where the technology requires a large capital investment, a short design life is not alclegpt
where lower cost technologies have a shorter design life that require more frequent
replacement, the cost of replacement should be considered as part of the maintenance cost
over thelO-yeardesign life.

The conversion of this cost to a score outlGD is not straight forward, as this will require
comparison with the other technologies on the markéss one benchmark, The Bill and
Melinda Gates FoundatioReinvent the Toilet Challentyas set a target ob US cents per
person per day for the totaifecycle cost of the new sanitation technologies which it is striving
to develop. This is calculated from the capital cost and fieyear operation and
maintenance cost.

The IRC has recently published an online toditad://washcost.ircwash.org/en/calculators
to calculate the life cycle cost of a sanitation technolddys toolprovidesa simple calculator
to determine the life cycle cost without consideration of the Net Present Value.

For the purpose of the evaluation protocol, the life cycle abstll be calculated as follows:
Emptying Cycle, E (days) =V /F x N

Where, V = Storage Capacity of sanitation  Technology, litres
F= Design filing rate or sludge accumulation rate for spetatthnology (with
consideration of dehydration). Litres/person/day (default = 0.15)

N = Number of people using the toilet (default = 5)
Life Cycle Cost, L = NPV(i; ((365/E) x 10 x C) + (O x 10)) + X

Where, i = annual interest rate
C= Cost per emptying
X = Capital Cost
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Cost per person per day, DI=/ (10*365*N)

Table10.8: Life Cycle Cost Score

Life Cycle Cogper person per day) | SCORE
Less than R0,50

R1,00 75
R2,00 50
R3,00 25

Greater than R4,00

Usingextrapolation,a more precise score may be assigned for life cycle costs which fall
between thevalues shown iTable 10.8Forexample,a Life Cycle cost of R2.20 per person
per day would be given a score of 45.
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10.7 SUMMARY

Table10.9z Summary of Evaluation Procede.

Category Evaluation Methodology Key Data Requirements
Procedure

1) Safety Hazard Risk Likelihood and severity -ldentification of Hazards
Assessment of a particular hazard

.

2) Health Faecal Contact | Quantify the following | -Measured Filling Rates
Assessment at samplesites: -Faecal Coliforms in handled slud
-Frequency of contact,| -Moisture Content
-Concentration of -Handling Procedure

faecal sludge,
Likelihood of ingestion
3) Acceptability | Acceptability Survey of Users and | -Privacy

Scorecard Operators -Ease of use / comfort

-Proximity to the home
-Versatilityq where can be installec
-Safety

-Equity / Quality

-Odour

-Employment Created
-Supporting infrastructure

Questionnaire

4) Environmentall Environmental | Measurement of -Freshwater Consumption
Performance Performance Environmental -Recovered Resources
Performance at sampld -Spillage and Leaching
‘ Scorecard sites -Hazardous Materials
5) Reliability Reiiabiiity Measurement of -Historic Performance
Scorecard performance asample | -Number and age of working
sites installations

-Incidents of Vandalism
-Availability of spares and
consumables

-Material durability (UV stable, fire
resistanceetc.)

&

Life Cycle Cost | Calculation of actual | -Capital Cost
Life Cycle Costs from | -Operational cost
field trials -Maintenance costs (spares,

emptying)
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11 SUITABILITY EVALUATION SCORING
11.1 SUMMARY

A draft Suitability Evaluation procedure was developed as part ostady. This is a context
specific evaluation for a particular technologyhe technology is evaluated against six key
criteria that are derived from the policy aims for a Basic Sanitation FaEiliydetails of this
suitability evaluation procedure arpresented inChapter 9 The evaluation for a given
technology is presented on a hexagonal radar chart with colour coded bands to rate the
performance undeparticular criteriaas follows:

Table 11.1z Evaluation Rating

COLOUR SCORE EVALUATION
ORANGE 20-40 Poor Performance
YELLOW 40-60 Average Performance
Light GREEN 60-80 Good performance

Figure11.1z Sample Evaluation Rating
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11.2 MINIMUM STANDARDS

Minimum standards have been identified for the performance of $haitationtechnology.

Failure of the technology in any one of these areas will result in the technology being awarded

Fy W yFOOSLIiFotS tSNF2NYIFYyOSQ NI befoediie ¢ KS NE
technology can be usedhe minimum standards are summarised below.

11.2.1 Safety

The technology must not present undue risk to children or adults duringhtiienal use of
the facility. No higkrisk activities identified in the hazard riaksessment.

11.2.2 Health

The technology must effectively contribute to the prevention of excreta related disease for
the user and neighbouringpmmunity andnust therefore not result in undue risk of exposure
to harmful faecal pathogens.

11.2.3 Acceptabiity

The technology must (on reasonable justification) be deemed acceptable by both the user
and Water Services Authority who will be responsible for the supply and maintenance of the
technology. This requires the technology to satisfy a number of congidesaAny of the
following factors may result in the technology being deemed unacceptable:

1 deemed unsafe
causes significant odours
low quality
insufficient space to install the technology
insufficient capacity of maintenance teams
1 insufficient capacity oflownstream treatment facility

1
il
il
1

11.2.4 Environmental Performance

The technology must effectively protect and where possible enhance the environment.
Consequentlythe technology must use less than 6 litres of clean water per flaftuent
being dischargedrom the facility must be within the general authorisatiguidelines and
must not use hazardous chemicals that are at risk of spilling or leaching into the environment.

11.2.5 Reliability

The technology must demonstrate, or have good potential for rédiadong term
performance, and as such must be manufactured from durable matefiaésdelivery of the
sanitation technology must be accompanied by appropriate training, good maintenance
support, and spares and consumable items must be readily available.

11.2.6 Cost

The technology must be available at a reasonable cost with consideration of the full life cycle
(supply, operate and maintain)
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12 FUNCTIONALITY ASSESSMENT AND EVALUATION
PROTOCOL

12.1 SUMMARY
12.1.1 Overview

The Sanitation Technology Assessment and Evaluation Protocol is desigeedbte the
transparent assessment of different household sanitation technologies. This generally
excludesseptic tanks and standlone effluent treatment technologies that are npackaged

with a toilet. These technologies should be evaluated in accordance with tREJidelines

for domestic wastewater package planfthe Protocol is designed to be used by sanitation
experts. This protocol focusses on the scientifimétionality of the sanitation, to assess
whether the technology is performing, or is able to perform the required collection,
treatment and disposal functions in order to provide a reliable, hygienic sanitation facility.

TheProtocol also included &uitabilityEvaluationThis was developed to assist stakeholders

to identify the appropriate siting of a specific technology within a specific context and
included an assessment under six key categories, namely safety, health, acceptability,
environment, reliabilityand cost.The project reference group steered the development of
the protocol towards a focus on functionality, such that the suitability analysis is not included
in the ProtocolThe findings and recommendations from the suitability analysis are however
included in the Policy Dialogue report to assist the appropriate siting of technologies.

12.1.2 Aims of the Assessment Protocol

The implementation of the Sanitation Technology Evaluation Protocol will produce a scientific
assessment of household sanitation technologies to inform the appropriate selection and
siting of onsite sanitation technologies and achieve the desitedgterm benefits of
effective sanitation systems.

12.1.3 Standardisation of Sanitation Protocol

It is critical that the Protocol aligns with existing national legislation and guidelines wherever
practical (as indicated oRorm A.3. Specific reference must ald® made to local byaws

that may apply to the sanitation technology, in particular where the use of soakaways or
infiltration systems for the discharge of effluent may be prohibited.

In order to aid standardisation of the sanitation evaluation processgries of standard
procedures have been developed which can be applied to the wide range of technologies on
the market. The assessment process does however require a good understanding of
sanitation technologies and the physical, chemical and biolotieatment processes that

are incorporated into the different technologies.

To enable a consistent and objective evaluation process, the Protocol will be adopted by the

Department of Water and Sanitation (DWBMS will therefore be the overall Regulatdr o
sanitation technologies to ensure that results of the Protocol are accurate and well
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communicated to the relevant government departments and other interested parfigs.
South African Bureau of Standards (SABS) and Agrément may provide endorsemeaifiof sp
components, but they do not adequately address the functionality of the sanitation
technology or the suitability for a specific conteXhe wide variety and complexity of the
sanitation technologies requires a regulation process that will ensurly effective
technologies are deployed in an appropriate context, where they have the potential to
provide a sustainable sanitation solution for long term health benefits of the uUR®e.
Department of Water and Sanitation (DWS) as Regulator of the Sanit@#chnologies can
ensure that government funding is invested in suitable sanitation systems for a specific
context that havethe potential to provide a longerm benefit at an appropriate lifeycle
cost.

In terms of standard design parameters, influidoading rates and effluent discharge
requirements are standarded. Where toilets are shared between multiple households, or
the household has a large number of users, influent loading rates should be adjusted based
on liquid volume, solids, Chemical @gn Demand (COD), suspended solids, nitrogen,
phosphorus, ance. coli. In the event that the technology makes specific claims about the
effluent quality, the treatment performance of the technology should be measured against
this claim, and also compared the General Authorisation limits.

12.2 FUNCTIONALITY ASSESSMENT

The functionality of the sanitation technology considers the ability of the sanitation
technology to perform the intended purpos€he assessment is sequential; after satisfactory
performance fora specific criterion the assessment will proceed to the next stage.
Unacceptable performance at any stage will be fed back to the supplier to inform modification
of the sanitation technologyor re-submission by the supplieThe assessment of the
technology requires input from both the Supplier and the Assessor and will follow the
procedure illustrated irfFigure 2.1.

Figure12.2 provides a summary of the different sanitation processes #edtypical tests
required to assess the performance of a technoldghere the overall functionality of the
sanitation technology is considered to be acceptable, the technology will be recommended
for household use within a defined conteXthe acceptancef the technology may also be
accompanied by recommendations for the supplier to further improve the performance and
robustness of the technology.

The intention of the Sanitation Technology Evaluatéon Assessment Tod to highlight
good performancend appropriate siting of the technologlhe assessment process seeks to
guide manufacturers towards improved product performance to improve the success of
sanitation delivery.
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Figurel2.1: Sanitation Technology Assessment and Evaluation Procedure

SANITATION TECHNOLOGY ]

Product Description[A.1]

Proces®esign Verification[A.2]

Review Compliance with Applicable Standaids3]

+ YES

NO
Identification of Assessment Requiremen(B.0]
v

Laboratory AnalysigB.1 to B.10]

Assessment of Process Performance

FEEDBACK LOOP

TECHNOLOGY DEMONSTRATES
FFFFCTIVF FUNCTIONAIITY

v
ContextSpecific Suitability Evaluation

[ TECHNOLOGUITABLEOR ]

SPECIFICONTEXT
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Hgure 12.2: Functionality Assessment Requirements
\ IDENTIFY TREATMENT PROCESS |

Procesd CHEMICAL | [ PHYSICAL] | BIOLOGICAL | [ MECHANICAL |
Category] CHEMICAL | | DRY SANITATION \ WATERBORNE |
AEROBIC ANAEROBIC
Example Chemical Toilety Pyrolysis Dehydration Leach Pits Septic Tanks Membrane
Technologieq ~ Porta Potty Hydrothermal Desiccation Compost Toilets Biodigestor Ultrafiltration
Carbonisation Urine Diversion Activated Sludgg ABR
Bag Separation Biofilm | Bio-Augmentation

Loading RategormB.) & Sludge Accumulation Rai{€srm B.2)
Watertightness(Form B.3)
Air tightnesgForm B.4)

Watertightness(B.3)
Filter Integrity (B.6)

Water

Process Tes{ tightness(s.3) TemperaturgForm B.5)

Moisture content (Form B.7) Determinant(Form B.9)
Faecal Coliformgorm B.8) (COD, TSEcdi, N, P etc.)
Helminths and Protozoa(Where supplier claims waste is sanitis@d)m B.10)

Effluent Tests
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13 FIELD VERIFICATION

13.1 BACKGROUND

This sectiondocuments the initial observations gathered during the site performance
assessment for the Househo®hnitation Technology Assessment and Evaludiatocol.

The Protocol is being developed to enable preliminary evaluation of different sanitation
technologies. The protocol is designed to be used by sanitation practitioners with expertise
in the field. The practitioners areo follow four core processs two of which are the
functionality assessment and suitability evaluation. Six evaluation criteria and minimum
standards are then set out to be achieved by sanitation technologies. A tatakaty-nine

(29) technologies participated in evaluation psool (Table13.1). Those which were selected

for initial field verification a@ highlighted in thefable 13.1

13.2 OBJECTIVE

The main objective of the site performance process is to assess the manner in which the
technologies perform in the field. Following from the functionality assessment and the
desktop review, the site performance assessment evaluates whether the perfornoétioe
technology is aligned with the process description and/or claims made.

Full details of existingnstallations, the period of operation and any failures that have
occurred were providedThe assessor condwett a visual inspection of the technology to
appraise the quality of materials and fabrication. The overall performance of the technology
to provide the required treatmentfunction, was preferably undertaken at an existing
installation that has been subjected to extended and continual Wgkere the technology

has not been subjected to extended field tridtsywaspossible to establish a laboratotgst
facility for the technology, to date one technology undent such laboratory installation.
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Table 13.1: The list of all Sanitation technologies participating in the development of this
protocol. Those which participated in the initial field verificadh are highlighted.

Product Name Category Organisation/Company

Andy Loo

Afrisan toilet Desiccation African Sanitation

Blivet Package Plant Package Plant Bannow Africa

Composting Solar Powered Toilef  Desiccation BathoPele Sanitain

Biofil Wastewater Treatment

Technology Compost Biofil Technologies

Humanure Compost Bioresources Engineering UKZN

Bubbler Water Efficiency System

MembraneBio

Bubbler Pty Ltd

Ecomite, Low Flush, Wetloo, ST

with Biomite Various CalcamitéWater & Sanitation Solutions
Mtee Designs Low Flush DUT

EcoSan Waterless Toilet Desiccation ECOSAN

Vacuum toilet Low Flush Enactus UNISA

Auger toilet with liquid/solid

separation Desiccation EnGenius Green Solutions

Enviro Loo Desiccation EnviroOptions

EaziFlush Low Flush EnviroSan Sanitation Solutions

Flushing toilet with AnMBR

MembraneBio

ETE Solution

3inleco

Biodigestor & Filter

Free Energy Living

Waterwise Toilet Desiccation Madibeng WateiServices
Clarus Fusion Package Plant Maskam Water
SavvyLoo Desiccation Pennine Energy innovation

GUESS Green Universal Eco
Sewerage System

Package Plant

Poly Phoenix Fibreglass Products cc

PQ Green Eco Porta Loo Compost PreQuip Green Pty Ltd
NIC and Repit Chemical Sanitech toilet hire
SmartSan Recycle Digester MembraneBio Smart San

My Fast ® 16.0 Package Plant Tupelovox

Emergency Sanitation Operation

System MembraneBio UNESCO

Vetiver grass Latrines VIP variant Wandima Environmental Services
Crappery Caterpillar & Portapoty Various WASTE

Nano Bio digestor system MembraneBio Waste Intrique Servicés

ZeH0O waterless toilet Compost ZetH0

13.3 FIELD VISITS

After the selection of technologies for the initial site verification process, suitable dates were
organised withrelevant suppliersTable 13.2. A total of seven sanitation technologidsable 13.3

were assessed between the®?@ugust 2015 and the 68September 2015 at thirteen different sites.
Full details of tl field verification exercise aracluded inAnnexure C

1 A site visit was requested by Waste Intrigue services, however the requested site visit could not be included in the
initial field verification schedule due to time constraints.
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Table 13.2: Site visit schedule.
Company/Organisation Area (Site)

Time and Date of Site Visit

African Sanitation

Lethabong, Krugersdorp area, GP. (site
and site 1b)

8 September 2015
16H30¢ 18H00

Bubbler Pty Ltd

Khayelitsha, Cape Town, Wite 1)

02 September 2015
09HO00g 11H30

Bubbler Pty Ltd

Durbanville, Cape Town, WC. (site 2a a
site 2b)

02 September 2015
12H30¢ 13H30

8 September 2015

) , ) 11H30¢ 13H30
Calcamite Factory, GP. (site 1a and site 1b)
8 September 2015
. . ) 15H00¢ 17H00
Calcamite Diepsloot, GP. (site 2)
) ) 03 September 2015
Teniqua tree tops, Sedgefieldnysna 12H45¢ 14H00
Eco San area. (site 1a and 1b)

Kogelbergfirelily. (site 1a, site 1b and sit

02 September 2015

Enviro Options Pty Ltd 1c) 15H45¢ 17H00
Factory, Chamdor Johannesburg. (site 4 09 September 2015
Enviro Option$ty Ltd site 2b and site 2c) 08H30¢ 10H30
09 September 2015
Enviro Options Pty Ltd Bekkersdal, Westonaria, GP. (site 3) 11HO0O¢ 11H30
Boitumelo, Midvaal, GP. site (4a asitt | 09 September 2015
Enviro Options Pty Ltd 4b) 12H45¢ 14H00
03 September 2015
Smart San Siyafunda school, Knysna. (site 1) 09HO00¢ 11HO00
03 September 2015
Smart San Oakhill school, Knysna. (site 2) 11H15¢ 11HOO0
ZerHO Siyakhana, Johannesburg 20 August 2015

13.4 METHODOLOGY

At each site visit, an expert practitioner from the Pollution Research Group at UKZN was accompani
by one or more members of the project team to carry out measurements. As part of the verification
tool, temperature readings were measuredngia wireless temperature sensor. ldentification of site
visits was based upon the length of time that the installations had been functional. An increasec
number of field installations in differing environments waeefprred, in order to gauge the
robustnessof the technology

Samples were collected for laboratory analytical verificatibisedected properties of the influent/
fresh black water or faecal sludge material and the effluent after treatment (recycled flush water, dry
sludge material or composthe liquid samples were selected after a good mixing of the liquid
effluent in the collecting treatment chambers and from the outlet pipe or the toilet cistern before
flushing. The solid samples were collected from different sections and depth lehel fafdcal sludge
within the treatment facilities/ chambers.

13.5 LABORATORY ANALYSIS

The samples taken during the field verification exercise were sent for laboratory andlss.
includes wet and dry samples that are being tested for, amongst other things, Chemical Oxyge
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Demand (COD); Ammonia, Nitrates, Phosphorus5(R)i (CFU) and AscariBhe lalwratory results
are presented inChapterl4 of this report.

13.6 SUMMARY

The field verification exercise provided useful insight into the performance of the more established
sanitation technologiesThese fieldobservations werecombined with the labratory analysis and
desktop assessments to complete the technology evaluatroogss.

A common thread from the field verification process was the need for effective, ongoing maintenance
of the technology.The consequence of inadequate maintenance will be different for each
technology, and an important consideration that will be egksed in the final evaluation is the mode
and consequence of failuree. if the technology should fail, how will it fail and will this present a
health or environmental hazard?
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14 LABORATORY OF INVESTIGATION

141 SUMMARY

Nine sanitationtechnologies were sampled esite during a field verification processath a tenth

(Andy Loo) being assessed in the laboratory of the Pollution Research Group, HB&AN and
safety standard operating protocols were following during sampling collectohnti@nsportation

in order to avoid cross contamination and prevent health risk exposure. Appropriate personal
protection equipment (PPE) was used at all times. The field verification tests served as the prelude
for laboratory testing. Samples underwenbtaatory testing at the University of KwaZudNatalg

t 2t fdziAz2y wSaSkNOK DNRdAzLIQad fF02NI G2NE® {d YR
were applied during the laboratory analysis to ensure good quality assurance. Additional samples
were teged at the Centre for Scientific and Industrial Research (CSIR) analytical laboratory and the
Water Analytical Laboratory (Wahkb) in Stellenbosch.

The selected samples were indicative for initial verification of the influent and effluent materials
on the day of collection for both liquid and solid samples. The results however cannot be used as a
base for conclusion regarding the level of treatment efficiency of the investigated technologies and
should this be required, further and more rigorous samplirggnd analytical work should be
undertakento statistically validate initial results presented here

142 ONSITESAMPLING

Liquid and solid samples were collected onsite uidgto 1 L plastic containergFigure 14.)
Samples wertabelled andsealed irairtight sterile containers during transportation. For dry samples,
the container was lined with a plastic bagemperature was measured usirggthermocouple.
Temperature readings were taken, where possiblath for the inlet and outlet of all system3he
LISNF2NXYIFYyOS 2F GKS (GSOKy2ft 238 RS LI®afriels chémycal, i K
dry sanitation and waterborne (inclusive of physical, biological and mechanical).

14.2.1 Dry Sanitation

Dry sanitation systems often encompass both chemical pinysical treatment processes. This is
through hydrothermal carbonisation, dehydration, desiccation, urine diversion soiaHiquid
separation.

14.2.2 Waterborne

Waterborne sanitation encompasses aerobindaanaerobic processes (biological), as well as
membrane ultrafiltration (mechanical).

14.2.3 Chemical

These technologies are often in the form of porta potties, which were not analysed as part of this
research project.
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Figure 14.1:Sampling procedure dring site verification, including taking temperature readings
and sampling of solid faecal waste respectively.

Although previous deliverables have highlighted the different treatment processes listed above, the
technologies tested for this report were gerally waterborne and dry sanitation technologies.
Therefore, the results of the tests carried out are divided into liquid (wet) and solid (dry) samples.

14.3 LABORATORY TESTING

The laboratory testing was completéith accordance with the UKZN Standagke@ting Proedures
The collected samples were tested for the followpagameters:
Chemical Oxygen Demand

Electrical Conductivity

pH

Helminths

E. oli

Total Solids

Suspended Solids

Volatile Solids

Nitrogen

Ammonia

TKN

Moisture Content

=4 =48 8 -4 -8 -9 _45_4_°_24._-2._2-2

For the solid samples the following parameters were measured: @élbBninths,E. colj Total

solids, Volatile solids and moisture content. For liqaid samplesthe measured parameters were:
COD, Electrical conductivity, pH, Helms)th. coli Total solids, Suspended solids, Volatile solids,
Nitrogen, Ammonia, TKN.

2 The site visit for the Nanbiodigestor was requested at a later stage, thus the laboratory testing was carried out at a
later stage as well. The results for this technology (Nainedigestor by Waste Intrigue Services), as well as the Andy Loo
(a UDDT) = at times reported separately from other technologies, throughout this report.
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Table 14.1: Area and time of sampling sanitation technologies.

Product Name

Company/Organisation

Type of sample

Description

Area (Site)

Time and Date of Site
Visit

AndyLoo

Andy Loo

Solid faecal waste
(dry)

Incineration UDDT with
evaporation

UKZN laboratory

23 October 2015

Afrisan toilet

African Sanitation

Solid faecal waste
(dry)

Solarpowered toilet that
composts sludge

Lethabong, Krugersdorp
area, GP. (site 1a and
site 1b)

08 September 2015
(16H30¢ 18H00)

Bubbler Water MembraneBio Septic tank with some kind| Khayelitsha, Cape Town 02 September 2015
Efficiency System | Bubbler Pty Ltd Liquid (wet) of filter WC. (site 1) (09HO00¢ 11H30)
Bubbler Water MembraneBio Septic tank with some kind| Durbanville, Cape Town 02 September 2015
EfficiencySystem | Bubbler Pty Ltd Liquid (wet) of filter WC. (site 2a and site 2b| (12H30¢ 13H30)
Ecomite, Low Various Various 08 September 2015
Flush, Wetloo, ST Liquid (wet) Factory, GP. (site 1a an{ (11H30¢ 13H30)
with Biomat Calcanite site 1b)
Ecomite, Low Various Various 08 September 2015
Flush, Wetloo, ST Liquid (wet) (15H00¢ 17HO00)
with Biomat Calcanite Diepsloot, GP. (site 2)

Desiccation EcoSan toilet, has helical | Teniqua tree tops, 03 September 2015
EcoSan Waterless Solid faecal waste screw conveyor Sedgefield, Knysna areg (12H45¢ 14H00)
Toilet Eco San (dry) (site 1a and 1b)

Desiccation Enviro Loo: Dry Waterless 02 September 2015

Solid faecal waste DehydratiorEvaporation Kogelbergfirelily. (site | (15H45¢ 17H00)
Enviro Loo Enviro Options Pty Ltd | (dry) Sanitation System 1a, site 1b and site 1c)

Desiccation Enviro Loo: DryWaterless | Factory, Chamdor 09 September 2015

Solid faecal waste DehydratiorEvaporation | Johannesburg. (site 2a,| (08H30¢ 10H30)
Enviro Loo Enviro Options Pty Ltd | (dry) Sanitation System site 2b and site 2c)
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Product Name

Company/Organisation

Type of sample

Description

Area (Site)

Time and Date of Site
Visit

Desiccation Enviro Loo: Dry / Waterless 09 September 2015
Solid faecal waste Dehydraton-Evaporation Bekkersdal, Westonaria| (11H00¢ 11H30)
Enviro Loo Enviro Options Pty Ltd | (dry) Sanitation System GP. (site 3)
Enviro Loo Desiccation Enviro Loo: Dry / Waterless 09 September 2015

Enviro Options Pty Ltd

Solid faecal waste
(dry)

DehydratiorEvaporation
Sanitation System

Boitumelo, Midvaal, GP
site (4a and site 4b)

(12H45¢ 14H00)

Clarus Fusion

Package Plant

Compact activated sludge

Café Bon Bon,
Fransbhoek, Cape

26 October 2015 (12HGO
14H00)

Maskam Water Waterborne STP Town, WC
SmartSarRecycle MembraneBio combination of anaerobic 03 September 2015
Digester Liquid (wet) biological & Nano filtration | Siyafunda school, (0O9HO00¢ 11HO00)
Smart San process) Knysna. (site 1)
SmartSan Recycle MembraneBio combination of anaerobic 03 September 2015
Digester Liquid (wet) biological & Nano filtration | Oakhill school, Knysna. | (11H15¢ 11H0O0)
Smart San process) (site 2)

Nano Bio digestor

MembraneBio

ST with aeration

14 October 2015

system Waste Intrigue Services Liquid (wet) Gauteng
ZetOwaterless Compost Composting urine and 20 Awust 2015
toilet Solid faecal waste toilet. Domestic Waterless,

ZerbO

(dry)

Dehydrating Toileheeds no
chemicals or other
WY RRAGADSAEAQ

Siyakhana,
Johannesburg
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14.4 LABORATORY RESULTS ANKLYSIS

The following are the results of the laboratory analysis carried out on the faecal samples,
which were collected at different sanitation technologies

14.4.1 Chemical Oxygen Demand

The Chemical Oxygen Demand (COD) is the number of oxygenlegisivaken up by organic
compounds during oxidation (Yao, Wang & Zhou, 2014). COD is used to determine how many
organic pollutants there are in a substance.

The COD values of the solid samples were expressed in g/g dry mass instead oftong/L
provide a fase for comparison between the different samples that vary significantly in their
moisture content and at the same time have a high solids content.

The COD values for the liquid samples were expressed in nagid compared to the
minimum standards for elfient discharge.

Solid Faecal Samples

Of the solid samples, the highest COD values were measured for the samples containing
fresh faeces as expected, mainly for the Eni#c2 Q& & k2,YIRX aBcil32y with COD
values between 0.86 and 1.33 g/g dsglids Figure 14.2 Fresh faeces usually have high
COD values and the level of reduction with time indicates the efficiency of the sanitation
technologies. For the samples collected from the Ecosan facility (samples 5 and 6), the COD
values were still v high (0.89 and 1.08 g/g dry mass respectively). The reason for that
could be the high moisture content of the samples and the lack of sunlight to ensure good
drying process to take place as the sampled facilities were located under a shade. The high
CODvalues of the compost from the Ecosasample 1 with 0.65 g COD/g dry sample also
indicate that the treatment process may have not reduced significantly the COD values of
the mixed sludge. The lowest COD values were measured from the Afrisan sgrirples

14-2 to 162 (0.08 and 0.04 g/g dry sample respectively).

TheCODis also an indication of how old and biodegradable the sludge is (UKZN &eThekwini
Municipality, 2014), anthe valueseems to be highly variable with regards to age of sludge
at different sites and depth of the pit. For VIPs, there was a reduction of the COD with the
depth of the pit which is an indication of stabilisation of the sludge with age and depth
respectively (Zuma et al., 2019heCOD for faecal sludge samples from a Vimtoilet

have been recorded to mostly be between 0.3 and 4.4 g/g dry mass (@uaha2015). The

COD values of the dry samphlasalysed in this studft within this range. The highest values

of COD are typically from fresh sludge or faeces and thdedeproduct¢ aged sludge,
compost etc., have significantly reduced values compared to the fresh samples which could
be attributed to the treatment process and the aging of the sludge over time. The COD values

3 The averages recorded in this report are of the samples which have gone through their respective sanitation
technology and undergone treatment in the system (from the osleFor a full summary of all samples, consult
Annexure D.
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of the final products however should be compd to standards depending on their final
use/application.
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Figure 14.2: Chemical Oxygen Demand dolid samples

Liquid samples

Thehighest value of COD was registered for the overflow liquid in one of the Himardry
systems (sample 1Figurel4.3). The explanation for such a high value is that the sample was
comprised mainly from urine contaminated with faeces. This was a dry, not a-usitey
system as the other kjuid samples and hence wanore concentrated. The indication for
such high viaies of COD suggeashat overflows of thesd&ind of systems should be limited to
prevent from contaminationio the environment.

The average COD fthe rest of theliquid samplegFigure 144) was between 33.62And
498.77 mg/LAs expected, for the inlet samples (untreateldck water just after the flush),
the COD values were much highebetween 83.65 and498.77 mg/l-than for the outlet
samples thatvere in therange betweer83.62and372.90mg/L.The outlet (effluent valug)
were compared to the minimum standards for eéht discharge; 75 mgCOUDL. Figure 144
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indicatesthat not all the effluents after passing the treatment technologight becompliant
with the standardreguations, however as mentioned earlier, moretdided investigation and
sampling would be required for each system in ordecdoclude orthis.
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Figure 14.3: Chemical Oxygen Demand for colledigadid samples- 1.

Page90



Household Sanitation Technology Assessment & Evaluation FinalReport

600
499
500
1400
=
g’ 301
£.300
O 200 —_— 270
O 107 127
192 =20 g5
100 ...iﬁ__.% .oEo? .
. = = 7
X X X X
. \(\\z Q&} . \&Qf &\e ((\\oé . \&e
N © N O & N
A N o S
A RS & S N o
° o < & QO > NA
& Sid Q& B & & D
(é;b“ & <& S & & &
& & S & £
P N NN P
o S & IS e A £S N
AR N & @ o0
SR A
& INS &
& il Q
2 & ®
< & <8
& b2 &
™ &
©
&
'Z)é‘
S

Figure 14.4: Chemical Oxygen Demand for colledigadid samples- 2

The NandRecycling Bio Digesteras also tested. The results from the grab sampling can be
seen inTable 14.2andFigure 14.5

Table 14.2: Reference of the samples during testing field for Nano Recycling Bio Digester
System, 14/10/2015, Gauteng, South Africa

Refeaence Site Sampling position Observations
1M-1 Site 1 (individual WC) Entrance of the sceptic tank -
(left side)
1M-2 Site 1 (individual WC) Aerobic chamber (left side)] Problem with labef
these samples could be
1M-3 Site 1 (individual WC) W(Ctank from male restroom switched
1IW-1 Site 1 (individual WC) Entrance of the sceptic tank -
(right side)
1W-2 Site 1 (individual WC) WC tank from female -
restroom
2-1A Site 2 (hospital wastewater) | Entrance of the sceptic tank  Problem with labet
(surface) these samples could be
2-1B Site 2 (hospital wastewater) | Entrance of the sceptic tank switched
(middle)
2-2 Site 2 (hospital wastewater) Anaerobic chamber -
2-3 Site 2 (hospital wastewater) Aerobic chamber -
2-3 Site 2 (hospital wastewater) Outlet pipe -
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Figure14.5: SImmary Results of COD (Nano Biodigestor)

In order to calculate the average for the technologies, it would be necessary to have several
readings.n the most casethe sample size was not of statistical significance for this report,
however, the average for the technologies is recorded. The readings may be from different
sites.

14.4.2Electrical conductivity (EC)

The measurement of electrical conductivity of effilés a measure of salinity (Pescod and
Arar, 1988). In water quality, this means that there are more ions than can be physiologically
tolerated by organisms. The EC readings for this study are summarisatieils.4.

The average EC readings for #udd samplesare presentedn Figure 14.6 The high EC values
for some of the samplesf up to 13800 pus/cm(e.g. 1, 2, 3, 5, 7 andZ), compared to the
rest of the solid samplegan be explained with the high presence aisgprobably due to
mixing withurine) or with an error during the reading which is unlikefpr the rest the solid
samples, the EC varied between 10 and 2@8é/@m. Correlation of the EC reduction and the
treatment processes was not observed.

For the liquid samples, there was a better correlation of the EC reduction after treatment
although this was not clearly observed for all the sampldse EC of the effluent samples
varied between 440 and 256fs/cm Figure 14.7. The minimum standardor effluent
dischargeas 700us/cm.Sample 12 which was collected from the overflow of one of the Enviro
Loo toilets showed a very high EC which should be due to the high concentration of urine,
contaminated with faecesHgure 14.8. This sample was collecdtdrom a dry sanitation
technology and was not diluted with flush water.

The most of the results revealdugh concentrations of ions.
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Figure14.7: Average EC fdiquid samples.
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Figure 148: AverageEC for liquid samples.

14.4.3pH

The pH expresses how acidic or alkaline matter is on a logarithmic scale, at which neutral is
at 7. The pH of faecal sludge is highly variable, often due to the aerobic or anaerobic processes
which take place (Zuma et akp15) and the microorganisms which are usually sensitive
changes in the pH, and other factors which may inhibit anaerobic digestion of sludge (UKZN
& eThekwini Municipality, 2014; Bhagwanal.,, 2008). Research shows that thptimal pH

for biological ativity in faecal sludgés between 66 and 8 (Zuma et al., 20L&nd is neutral
between 5.3 and 7.5 (Ros al., 2015). Therefore, the pH impacts on the degradation of
sludge.

The pHvaluesof faecal sludge found in VIP latrines has been recorded to be between 4.7 and
8.6 (Zuma et al., 2015For this studythe average readingwere between7.2 and 9.land

some of hesevalueswere above the optimal range for biological activity, meaningtth
certain aerobic microorganisnmight slow down their activityThe higher readingmay also

be due to high salinity or iordue to the presence of urin@s shown by the & valuegFigure
14.6to Figure 14.3 andthe pH rangef urine between 9.0 and.8 (Zuma et al., 2015; Jonsson
and Vinneras, 2007)Some of thedry sanitation technologies such as African Sanitation,
Enviro Options and ZesB had more alkaline faecal wastekis may beattributed to the
additionof lime that is used to neutralise odmibetweeneach use

For all the liquid samplethe pH was within the minimum standards for effluent disder
range(Figurel4.10. The recommended pH according to the minimum standards for
effluent discharge is 5-8.5.
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14.4.4 Helmintrs

Tests were carried out on solid waste to determine the presence of helminths (worms) which
lay eggs (ova) which have the potential to be a heaittk and for reinfection of humans.
Helminths or nematodes which dwell in the intestine are parasitic infections sudkcsis
lumbricoides (roundworm) and Trichuris trichiura (wipworm) which spread easily in
environments where sanitation is poor or ufficient (Koné et al., 2007).

Ascaris was found in thBubbler, African Sanitation and Envito LJG A Ssteins) however,
most were either infertile, undrdeveloped or dead. Ascaris necrokimva were found in
Afrisan and Enviro options at 0.2 eggs pming (se€lTable14.6). Only the informal settlement

of Boitumelo, whereémviro Lootoilets were installed, had H. nana ova at 1.2 eggs per gram.
As helminths are spread from person to person, the presenckl.aofana ova may be a
reflection of the contextuasituation. The toilets serve approximately two households each
but are installed externally on the side of the streets. Although these are maintained, there is
no compost or ash used to cover the faeces after use, it was a verywa@ather(27degrees
Cdsiug at the time of sampling, and the faecal waste was due for collection (see site
verification report). These and other factors may have attributed to the developmeHt of
nanaova. Helminths have also been found to be able to survive in moisturebat about
80%(Koné et al., 2007). The fresh faeces at Boitumelo was between 73% and 77% moisture
content, and the average moisture content for most of other systems were well above 90%
(see sectiori4.10).

Table 143: Content of Ascaris found in SaiBp.

Bubbler primary chamber  Afrisan compost (4 weeks EnviroLoo informal
(wet sample) old dry sample) settlement-Boitumelo
Sample Vol. or 277ml 20 mg 10mg
Mass
Ascaris infertile 1 0.00098 eqggs 1 0.05 eggs per 63 6.3 eggs
per litre gram per gram
Ascaris 2 0.002 eggs 0 0
Undeveloped per litre
Ascaris dead 0 2600 3144 0.0032 eggs
per gram
Ascaris Nemwtic 0 4 0.2 eggs per 7 0.7 eggs
Larva gram per gram
Taenia Dead 0 11 0.55 eggs per 0
gram
H. nana ova 0 0 12 1.2 eggs
per gram
144.5 Ecoli

TheE.coli(Escherichia cglis measured in colony forming units (CFithgt is,the numberof
colonies that would emerge from the incubated bacteria. These were used to identify
bacterial load in the water. The count of indicator organigresent in any given volume of
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water often indicates microbial water quality. Faecal coliform are a general indicator of the
guality, in terms of presence of disease caudiagterialpathogens (Ashbokt al, 2001).

The recommendeé&. colcountis <100@CFUWer100ml. The General Authorisation limit does
permit higher CFU readings for small scale plants (such as a household system), however with
reference toTable 6.3thistype ofsanitationsolutionsconsider this lower target to minimise

the health risk associated with handling faces and to allow for the possible densification of a
technology (i.e. the same technology applied to 500 neighbouring houses requires a more
stringent control of effluent quality to mitigate the cumulative effecttibése systemys

TheE.colicontent d the analysed samplas presented irFigure14.11to Figue 14.13 As
previously mentioned the results are based on a single sampling and more rigorous sampling
and analytical investigation is required to be ablectnclude about the efficiency of the
investigated sanitation technology regarding faecal coliform reducti@verthelessfor the

most of the analysed samples, the oufléreated sludgesamplesdemonstrated reduction of

the E. colicontent compared tohe inlet/ fresh sludge samples.
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Figure 1411: E. colicontent for solid samples
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