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South Africa has recent® hefd what has been cafed the “Toift Efection”. Amidst a we&er of
recriminations, debates about 'open toifets' have reaffirmed the eementaimportance of
sanitation and the unbreakab® 8nk between human dignity and adequate sanitation. What
comes next remains to be seen, but sure® it cannot excude a renewed focus in South Africa,
and perhaps in the region, on this most basic of human rights.

A&hough sanitation is one of the Minnium Devefbpment Goa®, many regions are performing
pooré in attaining their decfared sanitation targets, incfuding Sub-Saharan Africa. Whi&t much
of the focus is, understandab#®, on the provision of new toifts, the maintenance of those toifts
ateady buif cannot be forgotten. Take South Africa as an examp#, where there are around 2 to
3 mi@on 'VIP' fatrines. Whif the government there has recognised that maintaining its
commitment to sanitation as a basic human right means continuing to keep existing toifets
operationag(as wefas providing new ones) it has &ft it to ®ocagovernment structures to work
out how this shou#d be done. Most municipa8ties do not as yet have pofcies, budgets or
procedures for the maintenance of on-site sanitation. A rough estimate suggests that in the
rest of SADC there are perhaps another 5 mion 'urban' fatrines, many of which wia&o need
emptying within five years or #ss of construction.

In urban areas it is much rarer for new pits to be dug once ofl fatrines fi#®(for a variety of
reasons). The issue of how to manage the faeca@sfudge accumufating in urban fatrines is
therefore a cruciaone. Traditiona®y this is an issue that has attracted refatived 4ttée attention
and had 8ttf prestige. Historica®® it has a&o been an area of 8mited innovation.

As the chafenge of faecasfudge management (FSM) grows, things are changing however.
Recent years have seen a fburishing of innovation across a range of issues. This has bettered
our understanding of what happens in pit €atrines, how sfudge accumufates and degrades and
how it can best be managed. New ways of getting sfudge out of pits, in a more hygienic and
efficient manner, are being pioneered in many countries worlwide. The fina8nk in the chain,
the important issue of how to deafwith the studge cofected, is aGo under the spotght, with
new or better ways of deang with pit sfudge emerging.

The city of Durban has been a foca8point for much of this innovation and &arning and was
therefore an appropriate pface to gather a range of practitioners dealing with FSM. In March
2011 approximate8 140 participants gathered - from #cagovernment, NGOs, research
organisations and academia — in order to discuss the fatest devefbpments and share experience
across four continents. This note captures the proceedings of the two day seminar, hoping to
share some of the insights discussed and make research, €arning and best practice avaifabt to
a wider audience.

The objective of the seminar was to enab® anyone responsibf for the sustainabf operation of
on-site sanitation systems to find out about new devefbpments in the fie#l, and to share their
experience with counterparts from e&ewhere in Southern Africa and the wordl.



The seminar was sp8t across six sessions and ended with two fiefd visits (hosted by eThekwini's
Water and Sanitation Department, EWS). The sessions ran as fobws:

Session 1: What happens when the pit is full? A trillion dollar question, and an
urgent one

Introduced faecasfudge management as an issue and discussed some of the fatest
devefbpments in the sector — not on&/ in removing and treating sfudge from pits but discussing
broader devefbpments in sanitation approaches that wiinfluence the shape of FSM
approaches in the years to come.

Tatked about what happens inside pits and how sfudges accumufate and degrade. It a&o
discussed the pathogenic nature of the contents and the consequences of this for managing the
waste streams generated. It discussed whether current 'pit additives' on the market offer
potentiafin addressing the probfem inside the pit, reducing the need to extract and treat waste.

Session 3: Getting what's inside outside

Taked of innovations in pit emptying — both in the technofbgy used to do so and a&o in the
operationaapproaches fobwed. Showcased new experience both in South Africa and further
afie® that offers great potentiaof better ways to get waste from pits and ensure that it is dea&
with appropriateéy.

Discussed existing practice and options regarding the mechanised emptying of fatrines as we®as
more recent devefbpments. The session a&o showcased recent innovation in emptying
techniques, then triang of new machines and their potentia® In doing so it high8ghted app8ed
research in South Africa and e&ewhere (incuding Cambodia).

Session 5: Grasping the nettle — eThekwini's Pit Emptying Programme

Addressed the fessons eThekwini's Pit Emptying Programme, one of the fargest in the wordd,
where a bt of thought, farning and experimentation has gone into devefbping a fuscat pit
emptying programme. This programme has #d to a farge accumufation of sfudge and hence
research into how to appropriatef/ and safe dispose of pit sfudges, incuding mechanicaé
processing and deep-row entrenchment. An important issue discussed was how to protect
manuafpit emptiers and the pubfc.

Looked at new devefbpments incuding the decentradsed treatment of househo® sanitation
wastes. Reuse is a viab® option being expfored, particutard in 4ght of depfting phosphorus
reserves and the potentiaof recyc8ng the nutrients within the waste. Existing experience in
transporting waste once excavated was showcased and the various consequences thereof
debated.
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1. Conference welcome and opening address

Neil has forty years experience in the metropolis of Durban, South Africa’s third largest city,
where he has risen through the rank to head the water and sanitation department. In his
experience, “sludge used to be something nobody talked about”, but this has changed in recent
years and sludge is increasingly “seen as a resource”,

Durban is a farge city and, with the expansion of municipa8boundaries that took pface in South
Africa at the turn of the miflennium, inherited many pit fatrines, not a8of which were we®
designed and bui&. Consequent® it has had quite a chafenge on its hands and, after a
successfupit-emptying campaign across the city, has accumufated a bt of part8/ digested
sfudge. After rea8sing that this coutd not be processed we®by its existing waste water
treatment pfants, it has been stored onsite at one of them, awaiting a further sofution.
Disposing of sudge is a particufar chalenge for EWS (one which they have been experimenting
with), as fandfi®is expensive and deafing with the contaminants in sfudge a chalenge. In this
the nationa#situation has a®o added compdcations, with the management of faeca@sfudge
somewhat of a poicy vacuum. Regufation of sfudge quafty is dea& with, but many other
aspects are not we®outdned. There has a&o been 8tté innovation on the issue in recent years.

Durban can be considered both a “first worfd and third word city”. A high8 technicaand
expansive sewerage scheme co-exists with many thousands of fatrines, some of them quite
rudimentary. When first addressing the chaenge EWS befeved there were around 80 000 VIP
fatrines in the city, but when it came to emptying these VIPs it was found that the reanumber
was onéy 35 000 (there had been some errors in previous surveys). A®of these have been
emptied in fast 3 years thanks to an aggressive pofcy instituted by EWS. In 8ne with their 'free
basic services' poficy, the #calpodlcy is that the municipafty offers a free empting every 5 years
— more frequent® than that and the househo#ler has to pay.

A specific chalenge to EWS has been the amount of so8d waste in the pits. There are currentf/
on® 8mited sofld waste management services provided in many of the informa#@settéements and
rubbish is dumped into pits instead. As this does not degrade readi8y, there is a #t of rubbish in
the sfudge emptied, which poses probfems for the emptying and processing of the sfudge. A&o
the sfudge cannot be put straight into treatment works — on8/ a 8mited amount of pit sfudge can
be disposed of in wastewater treatment pfants due to its high concentration. In terms of sodds
and nutrient ®ading, the contents of one VIP fatrine equates to one megadtre of norma®
strength sewage.

Durban is trying severa€new technofbgies to assist with the manuaemptying of pits, in
partnership with other organisations. It is a&o ®oking at the decentrafsed treatment of waste
(via the DEWATS system) as wefas the potentialreuse and recyc8ng of sfudge as agricuuraé
compost. Internationa® there are various devetbpments on the horizon — for instance it seems
that the co-digestion of waste and other such innovations may both fad to benefits in waste
processing and economic savings.



Research is car8 important and EWS has demonstrated its commitment to this by partnering
with various organisations incuding the University of Kwa Zufu Nata€and the WRC. Indeed the
city fufy supports and encourages appf8ed research and ®oks to imp&ement the findings in its
own work — trufy appfled research. It has experienced both faifure and success — this is apart
of being innovative and forward ®oking. Historica® it may be true that FSM has been
considered a '"bw prestige' topic but it is an important one — and given the forecast 'fertiser
crunch' on the way issues such as how to better process, recycte and reuse waste are oné/ going
to grow in importance.

2. Conference welcome and background

Whilst the 1980s were largely seen as 'the water decade’, there were developments on the
sanitation side too, notably the development of the VIP latrines, dry sanitation and advances in
anaerobic digestion approaches. However, arguably, developments over that period were overly
influenced by a civil engineering / project management approach and not enough attention was
paid to the cultural significance surrounding sanitation and the need for behaviour change.
Issues like ergonomic design, user acceptance and behaviour change did not get the attention
we now realise they deserve. This is starting to change.

In South Africa, fowing the advent of democracy in 1994 and the push to defver services to
a® there has been rapid buigling of VIPs. This has particufar8/ been true over the fast ten years
—and now the number of VIPs nationwide stands at around 3 miflon. Whif this is certaing
faudabfe, the need to empty them has not been given fuconsideration and on8/ now are
municipadties across the country waking up to the fact that fatrines eventua® do fi®€up and
that something needs to be done, particufar® in urban areas where refocation is genera®y not
an option.

This is an issue as there are undeniab#y farge risks in hand8ng VIP contents — pathogens remain
active for ong periods (and recent studies have even shown that they can go airborne). Thus
there are significant heath and safety chalenges to be overcome (both in South Africa and
e&ewhere, peopt actua®/ c8mb into the pit to earn money by emptying fatrines). Coasta
regions are in particufar prone to endemic sanitation-refated diseases.

User behaviour is another chaenge — with sofld waste management in informa#@settements
often found wanting, disposaof nappies, pfastics and other so8d waste into pits is very
common. Newspapers are often used for ana@cfansing. The farge quantities of so8d waste
found in pits thus chaflenge mechanica®emptying approaches.

On the research front, admitted® 8tt& has been done over the fast 40 years. As such there is a
certain fack of evidence based on the actuafusage of pits — too much of the research that does
exist is based on theory rather than practice. Recognising this, WRC took a strategic decision
circa 2006/7 to better understand the nature of faeca€sfudge, in particufar the nature of its
decomposition, the efficacy of using additives, pathogen surviva®rates etcetera.

Accordingly, there are four prongs to WRC's commissioned work:

1. What happens in pits? — the nature of sfudge accumufation, efficacy of pit additives, the
'science' happening within a pit.

2. Desfudging techniques.

3. The appropriate management of sdudges (and expfbration of whether any benefits can be
gleaned from studge).
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4. Expforation of better construction techniques (incfuding making structures fghter, using
modufar systems, ways to make fatrines cheaper etcetera).

As a consequence, there are various outputs and reports deaing with the four prongs above, a®
of which can be found on the WRC website (www.wrc.org.za).

1. Sanitation for the billions. Making it work in the global context

Sanitation progress has lagged behind that of water provision even though they have long been
'joined’ together in theory. Some argue that this is an historical artefact and that in 2011 there
are good reasons for reconsidering this link, particularly as the way communities and
households make decisions about water and sanitation (as well as hygiene) are quite different.
Although sanitation seems particularly prone to fads, hopefully new 'lasting’ insights are coming
out in recent years. Some of these stem from recent work on sanitation marketing, which
highlights why users do and do not 'adopt’ improved sanitation. This work also highlights the
existence and potential of sanitation businesses, whose incentive structures hopefully force us to
think more holistically and sustainable about long-term sanitation provision at scale.

For at fast a coup® of decades now, sanitation has been promoted as part of a 'ho# trinity'
that tight® binds sanitation together with water provision and hygiene promotion. Why is it
that these three, quite different discip8nes, are bound together?

Part of the expfanation is found in the 'Big Stink' of Victorian London (during the mid 1800s) and
'miasma theory' (which he# that if you can sme®bad odours then these are contributing to
your i8heath). Now we know that miasma theory was erroneous and that 'waterborne’
diseases were to bfame, but at the time British Paramentarians were afraid that poor sanitary
conditions of the genera€popuface were affecting a®@members of society and that &gistation
and a massive drive for better sanitation were the onf/ way to protect their rapid growing
cities and 'new' industries. At the time there was some debate between the refative merits of
'wet' and 'dry' sanitation but, in the end, the &gistators fe& they both wanted and needed
sewers to so®/e their immediate chaenges. The on8/ organisations then with the technicafand
financia€capacity to provide these were the water companies; arguab#8/ the century-fong 8nk
between water companies and sanitation began there. Reinforcing this 8nk was the 'water
decade' of the 1980s that brought defberate attempts to hitch sanitation to water (in order to
raise its profife).

Severafdecades on, some observers are asking if this 8nk has actua®/ worked. The evidence
seems at best debatab#, if not downright cha®nging. Indeed, when one returns to first
principfes, some argue that decision-making invo8/ed in the three discip8nes (water / sanitation
/ hygiene) is in fact quite different. Decisions around water are typica® communagdecisions,
whi&t sanitation is typica® considered a househo#l decision. As for handwashing, arguab#® this
is a very personafand individuafdecision.

If this is true, perhaps sanitation has more in common with so8d waste management than it
does with the provision of water?



A specific concern is that sanitation seems particufar/ prone to fads. In recent years these have
incuded trends such as technofbgy transfer, sanimarts, PHAST (Participatory Hygiene and
Sanitation Transformation), eco-san, sanitation marketing and CLTS (Community Led Tota®
Sanitation). One of the more recent among these is sanitation marketing, which has hopefu®
contributed to some new and fasting insights.

Sanitation marketing puts particufar emphasis on why househo#s do and do not ‘adopt’
improved sanitation. It has contributed to insights on why users actua® want sanitation. This
often has fss to do with (reafor imagined) hea&h benefits than it does with dignity and
convenience, peace and quiet. In particufar, sanitation marketing work in Tanzanian and
Vietnam has hefped us understand what actua®®y triggers househof decisions around sanitation
(incfuding the decision to invest).

This work has a&o high8ghted the existence and potentiafof sanitation businesses, whose
incentives hopefu@y force us to think more hof8stica® and sustainab® about fong-term
sanitation provision and what this means at scaf. For instance, we now better understand why
it is that many househofls express a strong preference for pour-flush toifts and for showers.
Part8 this is because with pour-fush toifets you cannot 'see' your own faeces (permitting the
user to 'flush and forget'). Partd this is because these faci8ties are made of porcefain and
viewed as 'modern'. Itis a&o easy to keep them cfean.

It gives particufar prominence to the important issues of ceanfness and aspiration. These are
too often underpfayed by existing sanitation programmes. Frequent8 we®meaning
governments and NGOs are caught in the trap of promoting the 'technofbgy of the poor', which
according#® attracts few fasting devotees. Sanitation marketing has found ways to overcome
this cuéde-sac by promoting 'sofutions' that actua® speak to the needs and aspirations of both
poor and middé-cfass househo#flers.

A further insight has been the appeaof 'permanent sofutions'. The examp# of a rich fady in
Bantyre, Mafawi is pertinent. She invests 8tté in her fatrine as space on her ptbt aflbws it to be
moved every time it is fu® This fady has 8tt incentive to invest serious money in a 'temporary
sofution'. Arguab® though, shoufd Blantyre be ab& to devetbp a viab& and trusted emptying
service, this fady woutd be motivated to invest in a higher qua8ty fatrine (i.e. a '‘permanent
sodution'). Whif this remains so®# theory for now, advances in sanitation marketing are
pushing NGOs and governments in the direction of viab& sanitation businesses, which many
hope wi®defver these types of breakthroughs.

For many in the sanitation sector, such 'business-minded' approaches offer significant potentia®
They coutd so8/e the bng-term viabity of sanitation programmes by ensuring there are
incentive structures that are sustainab#f for fong-term sanitation provision at scate. Sanitation
businesses are assumed to want to increase their business and through this push the market to
grow over time (independent, hopefu®, of any 8mits to subsidy provision). Organic sanitation
businesses shoufd not be 'donor-dependent'; we hope therefore that they wisti®@be
operationa€15 years hence (in contrast to too many sanitation programmes, that end as soon as
government or donor money stops fowing).

Steven Sugden, E: ssugden@waterforpeop#.org

The Great Stink of London fina#y persuaded investment in competent sanitation
authorities in London. Read more at www.martinfrost.ws/htm#&igs/great_stink.htm®
WELL FACTSHEET : The Process for Sanitation Marketing at
http://www.tboro.ac.uk/we®/resources/fact-sheets/fact-sheets-htm/Sanitation marketing.htm.



Seminar Report: What Happens When the Pit is Fu@

2. The future of on-site sanitation. Beyond the cesspit

A recent challenge by the Bill & Melinda Gates Foundation has asked research institutions to
“reinvent the toilet”. Their 'stretch’ target, while ambitious, forces us to go back to first
principles to consider what excreta is made up of and how and why it decomposes over time.
For instance, the energy content from burning faeces is sufficient to evaporate all the water
content whilst also provide enough surplus to charge a cellphone and operate an LCD bulb.

As it stands, Durban's experience with urine diversion toilets offers a stark contrast to the
performance of VIP latrines within the municipality. A particular challenge with Durban's VIP is
the accumulation of non-biodegradable solid waste — this leads to the pit filling faster and the
sludge being difficult to empty and treat. Could drastic innovations allow us to extend the life of
existing pits thus 'buying time' whilst we reinvent the toilet?

The Bi®& Mefnda Gates Foundation recent® invited 21 institutions from around the wor#d to
participate in a chaflenge titfed “Reinvent the Toifet”. The brief was to “reinvent the toit such
that sewers are not required”. The B&RMGF committed to funding the up-front concept,
demonstration and toofing of any 'reinvented toifets' in order to incentivise innovation and
afbw suggestions that coudt, in time, generate sufficient economies of scat to cover the fu@
economic costs of the 'new' system.

In some respects this chaflenge supports those who view waterborne sanitation as an historica®
artefact — a 'sofution' that may have made sense in a particufar time and pface — but whose
continued appf8cation on a gbbalscat is, at best, unproductive. In this view, some consider
flush toifets and waterborne sewers to be a 'dead-end' technofbgy that coutd we®be
superseded by a more appropriate and environmenta®/-sensitive technotbgy.

The University of Kwa-Zufu Nata8(UKZN) was one of the chosen institutions and began its
approach by first considering what human excreta consists of. On average peop# excrete

1.5 8tres per person per day of urine and 0.4 kg per person per day of 'faecalpaste'. This fatter
is on/ around 0.1 kg of dry mass and contains sufficient energy, when burnt appropriated, to
evaporate a®the 4quid in both the faeca@paste and the urine. This suggests that one possib&
sodution couttd be to burn the waste, evaporating the water and even faving surpfus energy for
other uses (such as powering LCD 8ghts, powering cefohones, charging fuelce®, etcetera).
Apart from its chemicacomponents, human waste a&o contains viruses, bacteria etc. These
pathogens are harmfufto human hea&h. In a context such as Durban, where there are tens of
thousands of existing pit @atrines, there is a&o a need to protect peopfe that empty fatrines from
these pathogens as weas those who use them. Indeed research by UKZN has shown that in
some poor communities in eThekwini that up to 60% of peop# 8ving within the vicinity of pit
fatrines have either Giardia or Cryptosporidium infections. Up to 80% may have Ascaris.

Urine diversion (UD) toifets, some 70 000 of which of which have been insta#d to date in more
rurafareas of eThekwini municipa8ty, offer an a&ernative to the traditiona@pit fatrine (as we®as
the Ventifated Improved Pit Latrine, or VIP). By separating the sofd and 8quid waste stream
these can make both easier and safer to handé.

UD toitets a&o abw each waste stream to be viewed different8, particufaré from a perspective
of 'reuse' — the majority of 'usefu® nutrients are found in urine rather than faeces, particutarg/
phosphorus and nitrogen.



Prevalence of helminth and
protozoan parasitic infections

D Hawksworth, C Archer, A Hanssen, L Tronnberg, R Lutchminarayan,

S Knight, MSmith and N Rodda. WISA conference, Sun City 2008

Protozoan parasitic infections

These may even have a commercialvafue if a scateabf and
economic way can be found to recover them from urine.
eThekwini Water and Sanitation, together with EAWAG and
UKZN, is ®oking at how to incentivise peopf to use UD toifets
and how to recover any vafue from human waste streams.

A further question being posed is “can we improve VIP toifets”. A
specific cha®enge refates to sofld waste remova¥f which is often
facking in poor communities that re®/ on VIP toifets (as we®as
traditiona®ftrines). A consequence is that much rubbish gets
disposed of into fatrines. In eThekwini it has been found that
after ten years pits contain about 25% of non-faeca® materia€

As the pit ages the percentage of rubbish in it increases and
research undertaken at UKZN university by Kirsten Wood
estimates that the usefuéfe of pit fatrines coutd be extended by
75% if we coutd stop rubbish being dumped into the fatrines.
Ag&hough pit additives (said to speed up the waste degradation
process) genera® have a bad name, in theory there coufd be
potentiagto extend the '8fe' of the pit by using enzymes that can
degrade fibre and the wa@® of ce®. If these coufd act at the
bottom of the pit, where hard to degrade biofbgicalmatter buifls
up (and we coud keep rubbish out of pits), then potentia®y the
dfe of pit fatrines coutd be extended from five up to perhaps fifty
years. This is something that the London Schoo®of Hygiene and
TropicaMedicine is a&o expfring (supported by the Bi®&
Me#8nda Gates Foundation).

By increasing the 8fe of existing pits, by whichever means, we
'buy time' for other innovations to take pface and for any
'reinvented toift' to be devebped. Moreover, it is not ong/ to
devetbping countries that we shoufd ®ok for such innovations —
arguab#8/ devetbped countries, with their strong research and
devebpment capabidty, coud play a €eading rofe in pushing
innovation in this sphere.

Chris Buckley, E: buckley@ukzn.ac.za

Urine diversion ventilated
improved double pit (UD/VIDP) toilets: Physical and health-related
characteristics of UD/VIDP vault contents
http://www.wrc.org.za/Pages/Displayltem.aspx?ltemID=7926
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Mass Balances: An introduction
to basic Chemical Engineering

3. How fast do pits and septic tanks fill up? Implications for design and
maintenance

Any programme to manage faecal sludge can benefit from knowing how fast pits fill up. This
depends on a host of factors, such as number of users, nature of the waste entering the pit, soil
characteristics, pit design and decomposition processes. Nevertheless research can inform
design and maintenance by giving more insight into this area. UKZN, partnering with PID, EWS
and others, have looked at this issue in Kwa-Zulu Natal. Their findings tend to confirm wider
international experience, where a sludge accumulation of 40 litres per person per year is taken
as a typical filling rate for design purposes. This work suggests a conservative planning estimate
of 60 litres per person per year, something that EWS will take forward in its current and future
maintenance programmes.

A basic princip of chemicafengineering is that mass cannot be created or
destroyed. This guiding princip® permits us to understand what happens in
both pit @atrines and septic tanks and how fast they take to fi®

Matter cannot be created or destroyed

Inflow

Reaction
e /;:
b e +/:/ ? Inflow — Reaction - Outflow = Accumulation
B 2’2 s | Qutflow
1 Accumulation —

Infow consists of urine and faeces, ana@cfansing materiaf, water, detergents,

rubbish, disinfectants, etc. Reactions can be either anaerobic (in the absence

of oxygen) or aerobic (in the presence of oxygen). Outfow consists of

drainage from the pit (or septic tank) afbong with any so8ds dissof/ed in this
outfbw. Accumu#ation is therefore due to a buifd up of ‘bugs’, sats, non-biodegradab® matter
(incuding rubbish), pfus some undegraded, but potentia® biodegradabf materia€ The same
principfes app# to septic tanks, save with these there is usua® more water both entering and
exiting (and much &ss rubbish).

Study area Filling rate Reference
[I/ person.year]

Soshanguve 24 Norris (2000)

Phippines 40 Wor8l Hea&h Organisation (1958)
Besters Camp (eT Muncip.) <20 to >80 (70) City of Durban

Mbazwana (northern KZN) 10 to 78 (25) Partnersin Devetbbpment
Limpopo 43 Tsonang NGO

Mafunze 11 to 146 (48) Partnersin Devetbbpment
Ezimangweni (eT Muncip.) 27+10 UKZN

Savana Park (eT Muncip.) 31+21 UKZN

Fo8veni (eT Muncip.) 44+46 UKZN



Sludge accumulation rate vs. no. of users

For a typica®pit fatrine, the average addition per person
per year consists of faeces (0.3 € /d x 365 d/year=110¢
/ca.year) and urine (1.2 € /d x 365 d/year =440 ¢
/ca.year) which &ads to a totalvofume of 550 £
/person.year. The rate at which the @trine then fi&
depends part8/ on the rate of addition and part8/ on the
rate of degradation. Estimating this in the fiefd is fraught
with difficutty, and studies worlwide have come up with
a range of fifing rates (see Figure 5).

An important point to remember us that in pit fatrines

the sfudge goes through a biotbgicalprocess that

stabidses it, with s@udge from the base being most#
stabidsed. As such it does not need to enter a wastewater treatment works as most of the
vofatife organics have ateady been removed.

During this process most pathogens die off, however hefninths are particufarf/ durabf and can
survive, particufar® Ascaris. Findings have shown that fong residence in pits (and septic tanks)
does not deactivate heéninths; these pose a hazard to human heath for a considerabf period.
For pit fatrines, given the wide range of numbers observed in fie#, a filing rate of
408/person.year seems a reasonab® mean. As such, 608/person.year seems a reasonab®
figure for the pfanning of maintenance programmes.

The accumufation rate appears to decrease with number of users. However, the accumufation
rate does decrease as the pit fi& (i.e. the rate of fiing sbws with time).

But it can be shown that this phenomenon is simp# due to the difficutty in estimating average
usage.

Septic tanks a%o show a wide range of numbers observed in the fie#l. Given this,
608/person.year seems a reasonabf mean, with 808/person.year a reasonab# figure for
design. In genera@septic tanks generate greater vofumes than pit @atrines, but the so8ds content
is much €ss (around 10%). There too, the accumufation rate decreases with time.

One can design pits around engineering criteria (where needed vofume, V=rxnxt, wherer =
accumufation rate, n = number of peop# using the toifet and t = frequency of emptying). The
UKZN recommend though that one shoufd actua® design around the emptying programme.
Large pits require professionaemptying whereas sha@bw pits coud be emptied by
househoflers. Whatever the decision though, there is 100% guaranteed heéninth infection of
the emptiers and this requires certain hea#h and safety considerations.

UKZN therefore suggest that if there is no ®ocafcapacity for an organised emptying programme,
one shouf buid shabw pits that can be emptied by househo#ler. If there is high capacity for
an organised emptying programme, one shoufd in any case consider builing shabw pits that
can be quick8 emptied with an associated reduced risk of he#ninth infection.

Kitty Foxon, E: foxonk@ukzn.ac.za or Chris Buckfy, E: buckfy@ukzn.ac.za

Buck&ey CA, Foxon KM, Brouckaert CJ, Rodda N, Nwaneri C, Batoni E, Couderc A
and Magagna D (2008) Scientific support for the design and operation of ventifated improved pit @atrines (VIPS) and the
efficacy of pit fatrine additives. Water Research Commission Report No. TT 357/08, ISBN 978-1-77005-718-0 www.wrc.org.za
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4. What is going on inside pits and septic tanks? The science of sludge
decomposition

Sludge decomposes in one of two ways; aerobic or anaerobic. Aerobic decomposition is faster
but does not reduce the volume as sludge as much as anaerobic decomposition does. Inside a
typical pit there is a zone of aerobic activity near the surface, with the rest of the pit being
subject to anaerobic decomposition. A similar division applies to septic tanks. Many factors,
including the design of the pit or tank, affect the balance between the two. This suggests that
we can influence how sludge decomposes and therefore influence the volume of sludge to be
removed, as well as its physical, biological and chemical composition. This has important
consequences for pit design and sludge transport and treatment.

Typica® 30% of the dry mass of faeces is made up of bacteria and 80% can be considered bio-
degradabf. 70-80% of wet s@udge is made up of water. Over time in the pit biodegradab
organics genera® degrade, disso®/ed components fach out, whit sand and rubbish remains
unchanged. Important8/, the micro-organisms that do the work of degradation are aéeady
present in faeces, which counters suggestions that artificiaadditives are needed to enhance the
process.

The sfudge decomposes in one of two ways; aerobic or anaerobic. Inside a typica€pit there is a
fair8/ sma®zone of aerobic activity near the surface whif the rest is anaerobic. When bugs die
off inside a pit their insides become food for other bugs, whi&t the ce®@wa® are harder to break
down — these become non-degradab® organics. Anaerobic digestion produces fewer bugs as
ts of the organic components are turned to methane.

The diagram betbw revea® that around 26% of the contents undergoing aerobic digestion do
not degrade, versus 20% for anaerobic digestion. Thus aerobic digestion, whife quicker, faves
more sofds and therefore accumu#ation is greater. This expfins the fie#d observation that 'wet'
pits fi@more sbow4, as they are more anaerobic. A simifar situation app8es to septic tanks.
Many factors, incuding the design of the pit or tank, affect the bafance between the two.

Evofution of pit contents

Feed Aerobic conversion
15.5 0.0

0.0
00 ' 180
G | fast Ql Sbw
54.5 155 ’
300
00 / 66.5
745

BJOrganic biodegradabé @Bacteria B Organic unbiodegradab& B inorganic  @C0O2

-
X4 \\

Feed i i
Anaeroblcogoonverswn

HlOrganic biodegradab& W Bacteria [ Organic unbiodegradab& Winorganic  EICH4




Researchers at UKZN have come up with a mathematicamode®

Aerobic digestion of pit degradation:

This incorporates experimenta@findings that suggest that befow a
depth of 0.7m materiaBbecomes ful®y stabidsed (i.e. there is no
chemicafoxygen demand, or COD).

What happens to the bugs?

Volume of contentsin pit

Non -degradable organics ‘

Biodegradability of pit contents of a certain age

Unaerobic digestion

What happens to the bugs? The presence of rubbish in a pit (common in Kwa Zufu Natad
artificia®y inflates the materiain a pit and afers this equation
(i.e. COD persists at deeper #ve8). Furthermore, the presence
of rubbish significant8/ shortens the 8fe of a pit.

/ f The mode@suggests that if a pit (of typicaarea for South Africa)
){/J_;.,..-’—f _ is 3 metres deep we can expect to have to empty it (under typica®

conditions) every 11 years. If there were no rubbish present,

Non-degradable organics
| then this woufl extend to 20 years.

An important factor is, of course, temperature, and temperatures
bebw 15 degrees Ce&ius tend to stop reactions within the pit;
consequent® one needs to design pits different8/ in a cott area
(such as Underberg) than in a warm humid c8mate such as
Durban.

Both the design and 'management’ of pits can influence how
studge decomposes and influence the vofume of sudge to be
removed, as we®as its physica® biofbgicaand chemica®
composition. This has important knock-on consequences for pit
design and sfudge transport and treatment.

Kitty Foxon, E: foxonk@ukzn.ac.za or Chris Buckey, E: buckfey@ukzn.ac.za

Buck&y CA, Foxon KM, Brouckaert CJ, Rodda N, Nwaneri C, Batoni E, Couderc A and
Magagna D (2008) Scientific support for the design and operation of ventifated
improved pit fatrines (VIPS) and the efficacy of pit fatrine additives.

Water Research Commission Report No. TT 357/08, ISBN 978-1-77005-718-0
Sti®DA, Sadisbury RH, Foxon KM, Buckfey CA and Bhagwan JN (2010) The changes
of dealing with fuBVIP ftrines. Proceedings WISA Biennia€Conference & Exhibition,
Durban ICC, South Africa, 18-22 Apri€2010
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5. Sludge under the microscope. The Ascaris story

Pit latrines contain four principle groups of pathogens. These are viruses, bacteria, protozoans
and helminths. Helminths are parasitic worms that infect the host and live off them. Ascaris,
one of several commonly found in pit latrine sludge, can have devastating consequences for
human health, particularly in children. Ascaris is also important for pit emptying as its eggs are
very hardy and can survive for long periods in the soil and in pit sludge. They are an important
biological marker, for, if Ascaris eggs are dead one can safely assume that the other pathogens
in human waste have also been rendered inactive. UKZN have developed a new method of
testing for Ascaris eggs, which can be difficult to recover from sludge/soil mixtures and need an
experienced microscopist to accurately count and categorize them according to whether they are
viable or not. Their work has shown that Ascaris eggs can, in Durban, survive for much longer
than was previously thought. Large numbers have been found in 15 year old sludge that has
spent 2 years buried outside the original pit. These findings have important consequences for
toilet design, pit emptying techniques, sludge treatment methods and deworming programmes.
Ascaris is endemic in South Africa’s coastal zones, but it is less of a problem at high altitudes
(>1800 m).

One bion peopf wortdwide are infected with Ascaris, a parasitic worm whose eggs are
commoné found in pit sfudge. It can fad to extreme discomfort, mathutrition and disease and
is particufar® devastating for chifdren.

Ascaris is a&o extreme#® hardy and out8ves other parasites found in human waste — as such it is
used as a biofbgicamarker to see whether waste can be safefy handfd and / or reused. A
chaflenge to doing so is that identifying and cfassifying Ascaris eggs as viab® or dead is not easy
and, unti@recentd, no standard method for doing so existed. Since 2007 WRC and the UKZN
have co®aborated to devetbp a standardised method for this process, which has shed new 4ght
on the danger which Ascaris eggs in particufar and pit sfudge more genera® pose to human
heath.

: Life cycle of Ascaris parasite




The worms, that devetbp in the sma®intestine, can reach 35 cm in &ngth.
Mature fema#fes can fay up to 200 000 eggs in a day. These eggs harden in the
gut and are extreme#® hardy outside their human host. Peop# are usua®
infected via ingestion 8nked to dirty hands and food contamination, but you
coudd ado inhat eggs borne on the wind (much more raredy). Hyper infection
can fead to boduses, gangrene of the intestines and other severe effects.

Those that empty pits are particufaré at risk from infection and efevated
numbers of eggs were found on the masks used by trained and professiona
pit emptiers empfyed by the city of Durban (prompting them to be given
additiona®training, more secure masks, as we®as regufar heath checks and
deworming tabfets). Deworming programmes are effective at reducing the
particufar risk associated with Ascaris, but do not deafwith a@pathogens
associated with pit sfudge (Tinia being one exception amongst many).

As for the reuse of sfudge — this shoufd be safe when deep buriamethods are
empftbyed and trees pfanted — but reuse on ground crops shou#d genera®y be
considered unsafe.

UKZN's work has shown that Ascaris eggs can, in Durban, survive for much
fnger than was previous® thought (for instance, in studies by Feacham).
Large numbers of potentia®y viab® eggs are found in fresh8/ excavated pit
studge and current research shows that these eggs can 8ve for up to three
years outside the pit. These findings have important consequences for toift

design, pit emptying techniques, sfudge treatment methods and deworming
programmes. Ascaris is endemic in South Africa's coastazones, but it is fess
of a probfm at high a&itudes (>1800 m). There hefninths such as hookworm
and bifharzia are more common.

Cofken Archer, E: archerc@ukzn.ac.za

See www.wrc.org.za / Report: TT 322/08
Standard methods for the recovery and enumeration of He#ninth Ova in wastewater, s@udge, compost and urine-diversion
waste in SA. http://www.wrc.org.za/Pages/Dispfayltem.aspx?ItemID=8871
Research into UD/VIDP (urine diversion ventifated improved doub#® pit) toifets: Prevagence and die-off of Ascaris Ova in urine
diversion waste, http://www.wrc.org.za/Pages/Dispfayltem.aspx?ItemID=3627

6. Magic Muthis. Can biological additives make the problem go away?

In South Africa there are various outfits that sell biological pit additives. The vendors claim that
adding these to the pit reduces the contents and, by thus reducing the filling up rate, extends the
'life of the pit'. While theoretical evidence for their efficacy is at best scarce, vendors claim that
experience in the field has proven their worth. To test this claim more scientifically, PID (in
conjunction with UKZN and others), conducted two series of tests on around fifteen of the most
common products on the market. They found that there was no evidence these additives have
any effect. Indeed they were often outperformed by controls. Even were the products (which
have largely been developed to deal with animal manure and not human waste) effective, cost
considerations would render them an inappropriate investment. Poor householders, with little
cash to spare, should be warned accordingly. Interestingly, one by-product of the testing is the
suggestion that adding water to pits can actually slow the rate that pits fill.
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Faecafsfudges contain a wide range of natura® occurring bacteria which feed on the sfudges,
and are usua® host to a farge popufation of other sma®organisms, which a&o feed on the
studge. Some bacteria depend on oxygen for surviva@— these are cafled aerobes. Other bacteria
operate betbw the surface and do not need oxygen — these are caed anaerobes.

Simp48stica® put, aerobic digestion (which is refatived fast) can reduce sfudge mass by
approximate®/ 30% (i.e. 70% wi®remain). Anaerobic digestion (which is refatived/ sow) can
reduce sfudge mass by approx 70% (i.e. 30% wi®remain). No amount of biobgica®manipufation
wi®make the pit contents disappear atogether. Not a®matter can be transformed into gas and
dquid. Unfess a pit is sterie, some digestion is aBwvays taking pface, both aerobic and anaerobic
— mainé/ anaerobic bwer down in the pit.

The case for bio-additives rests on the assumption that nature is not fu efficient and can
useful® be assisted, by adding the “right” kinds of bacteria. On this basis there are in South
Africa various organisations that se®biofbgicalpit additives. The vendors ctaim that adding
these to the pit reduces the contents and, by thus reducing the fing up rate, extends the '8fe
of the pit'.

Laboratory Studies

Whit theoreticalevidence for their efficacy is at best
scarce, vendors cfaim that experience in the fie® has
proven their worth. To test this caim more
scientifica®y, PID (in conjunction with UKZN and

Rate of .
others), conducted two series of tests on around

mass loss
fifteen of the products on the market.

In the @aboratory, no evidence couf be found that

any of 17 different additives tested made any

Additive A Additive B No treatment Reference
(water) difference (2006/2007). Lab work was repeated with
4 more additives in 2009/2010 — with the same
resug.

Six additives were a&o tested in the fie®l. Care was taken with experimenta€method e.g. use of
contro®, measurement of height of pit contents. Again, no statistica@improvement of additives
over contro®& coufd be found. Indeed, in the two types of testing, additives were often
outperformed by contro®.

In asking househofders it was shown that adding contro®& (water) generated the perception of
reduced sme®(a positive often caimed by vendors). Meanwhi, a typicaladditive treatment
costs R20 per month (this can be much more). Over five years this wicome to R1 200, R1 500
including interest. At best this additive wi®on#&/ sbw the rate of fing, not stop filng. Yet for
R1 500 (around $200 USD) you can empty a pit compftes/ and dispose of the contents using
manuafor mechanicamethods, therefore there is no financia€basis for making such an
investment.

So, even were the products (which have farge€/ been devetbped to dealwith manure and not
human waste) effective, cost considerations woufl render them an inappropriate investment.
Poor househo#lers, with 8tté cash to spare, shoutd be warned according#y.

Kitty Foxon, E: foxonk@ukzn.ac.za or Dave Sti#, E: dave@pid.co.za

Bakare BF, Nwaneri CF, Foxon KM, Brouckaert CJ, Sti®D and Buck&y CA (2010) Pit
fatrine additives: Laboratory and fie# tria®. Proceedings WISA Biennia€Conference & Exhibition, Durban ICC, South Africa,
18-22 Apri€2010. Foxon KM, Mkhize S, Reddy M, Brouckaert CJ and Buckfy CA (2009) Laboratory protoco® for testing the
efficacy of commerciapit fatrine additives. Water SA 35(2) pp.228-235



7. What you need to know about emptying pits and tanks with vacuum
tankers, large and small

Although pit sludge has existed for thousands of years, science has largely bypassed it. For
instance, there are very few studies that explore sludge's mechanical properties (few too looking
at its biological and chemical properties). Mechanical properties, including density, viscosity and
others, are of particular importance to any emptying of sludge by vacuum tankers. Vacuum
tankers (the predominant means by which septic tanks are emptied) have varying success rates
in emptying pits as pit sludge differs significantly from septic tank waste. Manus Coffey, working
with UN-Habitat and others, has been at the forefront of work to improve the ability of vacuum
tankers to both access and empty pits. Technical innovation and 'learning by doing' has
generated a wealth of information, which the University of Cambridge and others are now
seeking to build on. One innovation is the categorising of sludge by it mechanical properties.
Another is the development of an 'artificial sludge' which allows controlled lab tests to be done.
Another is the potential of fluidising sludge to improve its 'suckability’. A particular challenge to
sucking pit latrine sludge is the common presence of solid waste — a particular challenge in
eThekwini. Sadly 'easy’ solutions to this remain elusive.

When it comes to emptying fatrines, the mechanicaproperties of sbudge are as important as its
biofbgicaand chemicalcomposition. This is particufar8 so for any mechanicaemptying. Yet
there are very few studies that have expfred sfudge's mechanicaproperties.

Vacuum tankers have been designed to empty septic tanks and can strugg with pit fatrines as
the waste in them is quite different. Within any given pit, the properties vary according to
depth. At the top of pits there can be a #t of water, the sfudge within them getting
progressive/ denser near the bottom. The 'suckabifty' of waste is determined by five
characteristics: the density, viscosity and thixotropy (the tendency to a materia®to act 8ke a ge9
of the sfudge and the static head and pipe friction of the machine being used. One, common#g
overfoked, resutt is that the height of the tanker is crucia®to its abi8ty to suck out pit sfudge
(and many conventionagtankers are too high to have much success). Indeed it is around six
times harder to suck sfudge from the bottom of a typica®pit than from the top.

A vacuum truck's pump performance is sown to
0.5 bar (5.0m water)
Due to water
Waste density at bottom pit is 1.5sg

Waste height in truck 2.5m

Theoretica®static head is 5.0 1.5=3.2m

Truck can only suck from 3.2-2.5=0.8m below
Ground level
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In 1987 there were a series of tests with mechanized equipment in Gaborone, Botswana (the
EAWAG Botswana Tria%) which high8ghted the 8mits of existing machines in deang with pit
fatrine sudges. Since then a range of mechanicafdevices, more appropriate to deafing with
fatrines, have been devetbped (the Vacutug is one) but their number and spread remains sored/

dmited.

Synthetic sludges overlaid on IRCWD shear strength classes

Shear strenghts (Pa)

Shear rate, y (/s)

Rib either
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with bottom slab
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3 rows x 16 holes
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taper from both
sides for easy
moulding

Taper

A major difemma for a®pit emptying devices is that, white it
is easy to extract the bw density waste from the top of the
pit, high density sfudge progressivefs buifds up at the base of
pits and becomes increasing difficuét to remove. There are
three potentia@responses to this chaenge: i) the design of
smafer pits (as 8ttée as one metre deep) that are emptied
more frequentd; ii) the devebpment of better emptying
devices; and iii) render the sudge at the base more
'pumpab’ (for instance, via fluidisation).

The chart on the ®&ft suggests that there may be some
promise in fuidisation (which is current8/ being tested at
Cambridge University). A sma® amount of water and bw
pressure compressed air introduced to pit sfudge has a
surging and mixing action which can fluidise these dense
wastes and make them 'suckab’.

An innovation here has been the categorising of sfudge by its
mechanica€properties. Another is the devefbpment of an
‘artificia@sfudge' which aflbws contro®d fab tests to be done.

To take this work further, Cambridge University are fading
experimenta€work on new pit design that incorporates a
means to fluidise and empty sfudge more easi. The
hypothesis is that the introduction of a bui&-in suction /
bfbwing pipe that €ads to the base of the pit wienabf
dense sfudges to be removed and for a pit to be emptied
from outside the superstructure without spifage.

The design affbws for the pre-fabrication and manua€pfacing
of pane® (and thus quafty controf as weas pour-flush
toitets (preferred by househoflers and idea®for keeping
rubbish out of the pit). The design can a&o cope with high
water tabfes, which can otherwise troub# pit fatrines. The
fatrine is sma#er than the typicafone, designed to be
emptied every two years.

Manus Coffey,

manuscoffey@eircom.net or Rofand Schertenfeib: www.8nkedin.com/pub/rofandschertentib

For detai& of fu®tests with mechanized equipment in Gaborone, Botswana (the EAWAG Botswana Tria&), see the
InternationaReference Centre for Waste DisposaWHO Co#aborating Centre for Waste Disposafon the topic of Emptying On-

Site Excreta Disposa@Systems.



8. In Search of Innovations in Pit Emptying

Manual pit emptying is the predominant form of emptying worldwide. While innovations in
mechanical emptying offer some promise, a large opportunity exists to improve manual pit
emptying via new emptying tools and techniques and better pit design. The London School of
Hygiene and Tropical Medicine (LSHTM) has conducted a worldwide survey to identify existing
and potential innovations. They (as well as Water for People and other organisations) are
working on new and improved tools to assist manual pit emptiers. Local CBOs and
entrepreneurs are being supported to test out new emptying techniques in several African cities.
As yet there is no consensus on the 'best’ business models (which will depend on context), so
there is great room for progress. Innovations in pit designs can certainly make emptying easier,
safer and cheaper. There is also potential to explore new biological processes (e.g. black soldier
fly) and physical processes (e.g. solar drying) to make sludge safer and easier to handle.

In rurafareas when a pit fatrine fi®, househofs can dig a new pit and move the superstructure.
The of pit contents decay underground. In urban areas though, this approach to a fu@pit is not
aBvays possibfe. As sums grow and pfbts are subdivided the space avaifab& for new pits
diminishes and eventua® househoflers faced with a fu®pit need to have it emptied, rather
than covering it over and digging e&ewhere.

Gbba® the predominant means of emptying a fu@pit is by hand. This is part8/ because it tends
to be cheaper and part8 as mechanica®trucks can be in short supp#®. A big factor however is
the physicadifficuty of accessing pfbts in urban sfums. Indeed, the technofbgies used to empty
pits can be regarded as a continuum, with manua€emptying by bucket on one end and
mechanicaemptying via vacuum tanker on the other. There are on8 a few options between
these two pofes and none are in widespread use. These incude the Vacutug (devefbped by UN
Habitat) and the Mapet (devefoped by WASTE). One area for innovation is at the fower end of
the spectrum where new technofbgies for improving manua€pit emptying are being devetbped
and tested in the fiefd.

LSHTM devefbped specifications for an 'idea® advice to assist with manua€emptying. This
woudd be ab® to access pit contents without demodshing the fatrine, wou#l not require direct
contact with the sfudge, woutd a®bw ®calmanufacturing and maintenance and woufl cost fss
than $200 USD. It shou#d a&o be 8ghtweight and carried across the shoufler. |dea® it woudd
afbw for operation by one person, withstand huge misuse and be capab® of emptying at &ast
the top metre of the pit.

The continuum of pit emptying technologies
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The Guber (figure 18) was the first of a few new options
devetbped in order to improve the traditionamanuaemptying
of pit @atrines. Other technofbgies are a&o promising, incuding
'rope washer' technofbgies, indirect action hand pumps and
screw augers. Severafof these are being pifbted, in Durban and
e&ewhere.

Once sfudge has been emptied it typica® needs to be safed
transported to a finadumping / treatment site (sometimes it is
buried nearby). Depending on the approach, this may require
the use of a temporary transfer station, positioned near the
toifets that are being emptied. As sfudge coffects there it can
then be transported en masse (and at fower cost) to its fina®
destination. Water for Peop# are working on this aspect,
hypothesising that there is sufficient energy in sofar radiation dry
out wet pit fatrine sfudge and ki®off a@pathogens. A vatuabt
soiimprover is generated. They are expfring the possibidty of
micro- treatment pfants for sma®neighbourhood-based
emptying services.

New toifet designs are a&o being expfred; these shou#d produce
denser sfudge, abw easier access and shorten the emptying
frequency. Doing so may be vita8for emptying businesses to
become sustainab® (and a#bw economies of scate) — bng fags
between emptying jeopardise current business mode®&. Indeed,
the viabidty of a pit emptying 'business' depends on severa®
factors. These incfude the effectiveness and cost of any device
used to assist emptying, the abi8ty to physica® access the pit
and its contents, pit fi@rates and the emptying frequencies
needed. Where dumping occurs, the distance to dump sites, any
dumping fees incurred, the speed of transport and the capita®
and operation costs of any transportation are important.
Tack8ng these issues is the key to improving pit emptying and
severaforganisations are trying to innovate in this area.

Last of a®, there may be ways to reduce studge accumufation in
pits through the addition of certain enzymes or farvae. Ina
pre8minary test bfack sotlier f& farvae, feasting on pit sfudge,
caused a 15% decrease in faecawet weight over a period of 10
days.

Steven Sugden, E: ssugden@waterforpeop®.org

Pit Emptying Systems - Practica€Action 2009 ... The methods used to empty pit
fatrines can be categorised into four main groups ...
http://practicafaction.org/practicaanswers/product_info.php?products_id=395
Sanitation Partnerships: Bringing pit emptying out of the darkness
www.bpdws.org/bpd/web/d/doc_131.pdf?statsHand@rDone=1
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9. Experience with pit emptying in the Eastern
Cape: the Franchise Model

School sanitation in South Africa is in a lamentable state. Toilet
facilities in many schools are unusable due to poor maintenance,
vandalism and inappropriate usage. This applies to many of
South Africa's 25 000 schools, particularly in rural areas.
Franchising, now being pioneered by Impilo Yabantu in the
Eastern Cape, offers an opportunity to 'kill two birds with one
stone'. Firstly, the Department of Education is offered reliable,
cost-effective, suppliers that solve an immediate problem and
help it to keep school toilets in good condition. Secondly, local
jobs are created and small BEE businesses set up, but with the
support and backstopping of a larger firm.

Impilo Yabantu typically empties school latrine pits and
household pits manually and buries the waste on-site. The
franchise model they use allows the larger firm (franchisor) to
seek out new technologies and better ways of dealing with the
waste. The smaller franchisees grow with the business and
plough the benefits back into local communities. A particular
challenge is in the way school toilets are designed, making
maintenance harder than it needs to be. Hopefully the
'sanitation sector' can feed such lessons back into any new
school developments.

Schoo#®sanitation in South Africa is in a famentab#& state across
many of South Africa's 25 000 schoo®, particufar8 in ruratareas.
This sets back education as weas causing iheath.

Around 2005/6, the WRC commissioned a study into the
potentiafof franchising mode® in water and sanitation services.
On the back of this, Amanz'Abantu, a private South African
company (with support from Irish Aid and CSIR) undertook to
exptre the how a franchising mode€couf be app8ed to schood
sanitation. It set up a subsidiary, Impi® Yabantu, in the Eastern
Cape, which works on contract to the Department of Education.
The pifbt project is in Butterworth District where there are 400
schoo®, whose sanitation is often in poor condition.

Butterworth's schoo®& typica® have insufficient access to
maintenance support (due to their geographicaspread and
internafconstraints in the education system). The consequentia®
non-existence of sanitation faci8ties, or their poor maintenance,
undermines the dignity of students and staff. Wider chaenges
exist; heath & hygiene refated matters are rared prioritised;
there are difficuties with sofld waste management and waste
disposa$ budgets are short (with other activities given priority)
and; there is a genera®fack of understanding of how to service
and maintain on-site sanitation systems.
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The franchising approach abws ®bcafjobs to be created and sma®BEE businesses set up, but
with the support and backstopping of a farger firm. Current8/ Impib Yabantu typica® empties
fatrine pits (both for schoo® and househo#ls) manua® and buries the waste on-site. The
franchise mode®they use atbws the farger firm (the franchisor) to seek out new technofbgies
and better ways of deaing with the waste. The sma#er franchisees grow with the business and
pfugh the benefits back into #bcacommunities.

They not onf/ can and maintain toifts, but conduct hea&h and hygiene awareness campaigns
at schoo®. This hefs to pass messages about proper user usage, needed as pits are often fuof
rubbish (that comp4cates toiet maintenance).

A particufar chafenge is in the way schooftoifets are designed, making maintenance harder
than it needs to be. Sometimes the chambers cannot be accessed from above and maintenance
workers need to dig in and break chambers from the side.

Appf8cants to become franchisees are not in short supp#y, but finding the right peop# can be a
chafenge. Running a business gives the owner status (owners are typica® women).
Franchisees and those who work for them are paid a premium over standard manuagfabour,
given the nature of the job. Medica8bi® are covered and more safety equipment and training is
invo&/ed.

Kevin Wa#, E: kwa@@csir.co.za or Ofver Ive, E: oive@aserve.co.za

Wa&KCA (2005), Devetbpment of a framework for franchising in the water services sector in South Africa. WRC Report KV
161/05, January 2005.

WafKCA; lve OM (2010), Water services franchising partnerships, a set of seven reports. WRC Research Reports No's:

TT 432-1-10 to TT 432-7-10, May 2010.

Wa&K, Bhagwan J, lve O and White M (2010) Bucking the Water Services Trend — Franchising O&M in the Eastern Cape.
Proceedings WISA Biennia€Conference & Exhibition, Durban ICC, South Africa, 18-22 Apri€2010.

10. The quest for sustainable sanitation in Cambodia

Thanks to a successful sanitation marketing programme Cambodia has seen a rapid increase in
recent years in its uptake of improved sanitation. Cambodia's population is 80% rural, and
thousands of its householders have recently been investing in improved pit latrines. Like many
other countries, Cambodia has a vibrant market for the mechanical emptying of latrines in the
capital city of Phnom Penh, but its rural pit latrines are predominantly emptied, unhygienically,
by hand. The international NGO IDE and French NGO GRET are working with several
entrepreneurs in order to test business models for the improved emptying of latrine pits and
transportation of the waste. They are also looking into low cost treatment options (using
aquaculture and vermiculture, amongst other methods) so that pit sludge can be treated
appropriately and the by-product can be seen as a valuable and safe resource. Marketing and
education are cornerstones of the testing and implementation stages of IDE's project, in which
the involvement of government departments, the sanitation sector and entrepreneurs is crucial.
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Successfu€sanitation marketing in Cambodia has seen more fatrines bought and sofd in the fast
two years than in the previous four years combined. This increase in forma#€sanitation is
bringing in its wake a growing change (and opportunity) in the need to empty ftrines as they
fiup.

Cambodia's popufation is 80% rurafand cuturafconsiderations around the hand8ng of faeca®
waste are significant. Househo#lers associate the sme®of sfudge with pathogens and rather
than empty fatrines themse®es often empfy other peopf to empty them. This is often into
the neighbouring padi fiefls. If househo®lers cannot afford to pay someone to empty, then
there is a significant risk of them reverting to open defecation.

The internationa8NGO IDE and co®aborators GRET are working to address the chafenge ahead.
They are working with severaentrepreneurs who a#eady have nascent emptying businesses
and are foking to engage ftrine safesmen and producers (who see that their sates market wi®
eventua® saturate, but the market for emptying is potentia® on the verge of a boom).
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IDE's modeffboks to bafance the need for business viabidty with environmentaconsiderations.
It hopes to add revenue to the waste stream through vermicu&ure, aquacu&ure and vatuab
by-products of nutrient-enriched wetfands. It is a&o working on fowering the costs of sfudge
extraction (and improving the process).

Shoud a subsidy be required, IDE are ®oking at principfes such as Output Based Aid or simifar
'payment for performance' to ensure that market distortions are kept to a minimum and
potentia€for scaing up their work is not unduf/ harmed.

In Phnom Penh, the capita¥ there are current8/ 7 operators of vacuum trucks — demand is
growing with time. In tota8there are up to 14 or 15 vacuum trucks in the city. One entrepreneur
with which GRET has engaged charges $15 USD for rurafemptying (versus $30 typica® charged
in the capita, but this remains beyond the wingness and abidty to pay of many poorer
Cambodian citizens. A second operator sofl his motorbike and took a ®an in order to buy his
first pump truck, 4 years fater he purchased a $20k USD truck.
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Marketing and education are a&o vitato the success of their
pfans. They wish to get the entrepreneurs to incorporate this in
their activities — both to raise awareness of their services
amongst consumers, but a&o to spread heath and hygiene
messages. In this vision, the need to spread a message of 'céan
and green' pumping out of fatrines is important — in this IDE and
its partners seek to work with community &aders, respected
community members, refgious institutions, pubfc hea&h centres
and schoo®.

IDE was a&o invo®ed in a successfu€sanitation marketing project
in Vietnam, which hefed boost the demand for and supp#8/ of
rurafatrines. Its approach in Cambodia is firm#& in 8ne with the
phibsophy of sanitation marketing, in this instance appfed to
the chatnge of faecalsfudge management.

Jared Wood, E: jwood@ide-cambodia.org

See http://www.ide-cambodia.org/ & http://www.makingsanitationeasy.com/

11. The PETshop toys. Of eVacs, Nanovacs and PSAs.

After a long period in which progress in pit emptying techniques
was sorely lacking, recent years have seen an explosion in
innovation. Standard vacuum tankers, efficient at emptying
septic tanks, often struggle to empty latrines, both due to the
nature of the sludge and the difficulty in physically accessing
toilets in many poor urban communities. PID, along with EWB
and several others, have tested a range of options for the
mechanical emptying of pits. These aim to make the manual
emptying process easier and more hygienic. Many designs are
still prototypes but valuable lessons are being learnt on what
works and what does not work. There are high hopes that an
ergonomic, cheap and reliable breakthrough will soon be
available to municipalities and others faced with the unenviable
yet vital task of emptying full pit latrines.

On-site sanitation is very common in Southern Africa and in
South Africa is the fevefof service preferred by many
municipa8ties (who have a constitutiona€ob48gation to provide
adequate sanitation to their residents). In South Africa, as
eBewhere, there are essentia® two options once a pit is ful®
The first is to cap the of pit, dig another and move or rebuil
the superstructure of the toifet. This can cost in the region of
6000 ZAR or more (around $800 USD). The second is to empty
and recommission the o#l pit. There are severafadvantages to
doing this.
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It costs fess (between 600 and 2000 ZAR), focallabour is used (which puts money back into the
bcacommunity) and can be compfeted as part of a cheansing sweep over an area. Arguab/
this approach is more sustainab® as existing infrastructure is re-commissioned rather than
bypassed.

Yet standard vacuum tankers, akhough efficient at emptying septic tanks, often struggé to
empty fatrines, both due to the nature of the sfudge and the difficutty in physica® accessing
toifets in many poor urban communities. To overcome this, a range of organisations have been
working on the devetbpment of other, more appropriate options for the mechanicaemptying of
pits. Most of these accept the viabi8ty and practica8ty (and sometimes necessity) of manuaé
emptying and seek to make this process easier and more hygienic. Researchers and
practitioners seek an ergonomic, cheap and reflab& technofbgy.

The main difference is between devices that use mechanicameans to 4ft out the sfudge (such
as an auger) and those that use a vacuum. The Vacutug was an ear8/ pioneer of this fatter
method and has been tria#ed both inside and outside South Africa. PID tested this in
Pietermaritzburg, finding that sites coud be emptied for around 250 ZAR to remove 1 m® of
sfudge (this cost did not incfude the cost of a municipa®truck, used to transfer the waste to a
treatment station). The equipment is heavy and difficué to move between sites and hi#& and
narrow access points present a definite chaenge. In these tria® the pits were 84nked to ow
flush toifets, so the sfudge was wetter and contained fss rubbish than norma#pit sudge.

On top of the 'Gufer' and 'Nibb&r', discussed in Section 2, PID have tested the 'Gobb&r' and a
'Pit Screw Auger' (see photos bebw). The Gobb#er uses a chain and scoops to 8ft out waste.
However, it weighs a ®bt, it can jam easid/ and in many ways and has #ts of moving parts. The
Pit Screw Auger is essentia® a modified fence post drifer. This technofbgy has boked
promising in tria& and is simpf to use. Importantd, it ao dea® with the common chalenge of
sofd waste in the pit better than some other technofbgies. On the negative side, it needs quite
precise positioning, is of fixed &ngth, is heavy and hard to céean. Both options can be hard to
get into the pit if they have to go through the pedesta

Nano-vac' and 'E-vac' prototypes use vacuum to suck out the waste. These either suck the
waste out and then bfbw it into a transfer tank, or incfude the transfer tank in the design.
Prototypes are sti®undergoing testing but ok promising, parté/ due to the ease of use and
part8s as they are potentia® more hygienic. However such vacuum devices are on& good for
refative® 8quid studge.
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Importantd, aBthese technotbgies struggf to dealwith the sheer
vofume of sod waste dumped into pits. A concusion of the work
is that “manuaemptying wiremain the oné/ practicaloption if we
cannot change the habit of dumping rubbish into pit @atrines”.

With this in mind the research team started to ®bok at
technofbgicalsofutions to a behavioura8chaienge. This focuses on
the potentiause of pour fush toifets in pit fatrines. Pour flush
toifets so/e the rubbish chafenge as peopf winot throw rubbish
down a water seaftoifet (it immediated/ bbcks and needs to be
fixed by the user). Fifteen pour fush units are now under testing
and steps are being taken to minimise the water needed for
adequate flushing (current8/ between 0.75 and 1.5 8tres of water is
required — greywater is of course suitabf). These tria® are going
wef, with no bfbckages reported to date.

Dave Sti, E: dave@pid.co.za or Steven Sugden, E: ssugden@waterforpeope.org

http://practicafaction.org/practicafanswers/product_info.php?products_id=395
http://www.unhabitat.org/categories.asp?catid=548

12. Lessons from eThekwini's Pit Emptying Programme - from pilot to full scale

The expansion of eThekwini's municipal boundaries in the late 1990s threw up a new and urgent
challenge. Alongside its existing latrines the municipality inherited a large number of pit latrines
that were filling up rapidly. Many of these were poorly designed or poorly maintained, making
emptying exceedingly difficult. Full and overflowing latrines not only deprived communities of
access to sanitation but posed a drastic health threat. eThekwini launched an ambitious
programme to explore how best to empty these full latrines, many of which contain not just
faecal waste but large quantities of solid waste. It tested various options, finally settling upon a
manual emptying programme which was best from both a cost and operational perspective.
Along the way the municipality learnt many lessons about manual emptying techniques, health
and safety risks and contracting options. It confirmed the pre-eminent role played by education
in the use of pit latrines and waste management. eThekwini now offers households free
emptying every five years and continues to explore improvements in how to empty, transport
and treat sludge from pit latrines (around 35 000). eThekwini also has many urine diversion
toilets (around 70 000), which currently householders empty. For future non-networked
sanitation, urine diversion toilets are preferred, partly as emptying them is far easier.

In the fast two decades many forma€VIP fatrines were bui& across Kwa-Zufu Nata€(and, indeed,
South Africa). Sad#®, during construction of these facifties a few key efements were neglected,
such as proper education of the users, consideration of how to access the fatrines in order to
empty them and the cost of doing so, once fu® In the mid 2000s, eThekwini turned its
attention to the new and urgent change it had inherited when its municipa8boundaries were
extended. Fuand overfowing fatrines not ond/ deprived communities of access to sanitation
but posed a drastic hea&h threat.



eThekwini faunched a pitbt study, based on 500 fatrines,
expbring how best to empty fatrines and dispose of the waste.
For both cost and operationa@practicaty it settéed on a manua
emptying programme, which wou# offer a free emptying to
each househofler every 5 years. Teams of 6 work, via a sub-
contract arrangement, emptying in a sweep one community's
fatrines.

Hea&h and safety risks were a prime concern and addressed by
futraining, safety equipment and research into the furisks
entaifed. Beyond this, one of the key chaenges was in how pits
were constructed, the wide variance in design which often made
emptying unnecessary difficu&. On top of this many househo#ds
use the fatrines as an easy way to dispose of so8d waste (forma®
coection mechanisms are not a8wvays as they shoudd be).
Manuafemptying was chosen as the suitabf method as stbpes,
space and the nature of sfudges often make mechanica®
emptying difficu or impossib&. eThekwini created speciatoo®
to assist with this emptying as wefas testing new technofbgies.

For transporting and treating the studge severa€mode® were
proposed. Adding sudge to sewers proved a mistake as the
soflds ading and nutrient content overwhefned sensitive
systems at treatment pfants, which were not designed for such
waste. Deep trenching is now being pitbted, as is heat treatment
and pe#tizing of the sfudges. Buria€on-site is used wherever
space permits (approximate® 70% of cases).

Many &ssons were &arned. Emptying is typica® messy, sme&
and unhygienic and emptying VIPs is cost® and difficu&. The
average cost, a®factors taken into account, incfuding disposa¥$
came out at around 1500 ZAR ($200 USD a pit).
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As a resuft of this, pfus the difficuties of deang with the waste, eThekwini proposes that a®
new on-site toifets shoudd be urine diversion (UD) toifets, which are designed for easier
emptying. Sofd waste management and user education are crucialchanges as the amount of
sofld waste in a pit confounds hygienic emptying — unti€this is addressed, probfems sha®
continue.

Dave Wi&on, E: DaveWi@dmws.durban.gov.za

BPD Sanitation Partnerships Series: Bringing pit emptying out of the darkness — the ePLEP programme in Durban
www.bpdws.org/bpd/web/d/doc_131.pdf?statsHand@rDone=1

13. Sludge disposal in eThekwini. Reviewing the options

The progress of eThekwini's pit emptying programme threw up a significant challenge in how
best to deal with the significant quantities of digested sludge it unearthed. Early hopes that
rudimentary primary treatment of the sludge would allow it to be discharged to sewers and the
existing sewage treatment plant proved unfounded. Pit sludge is approximately 700 times more
concentrated than conventional sewage and therefore the large-scale addition of such sludge to
a conventional works quickly overloads it, sometimes with disastrous consequences.
Consequently a large backlog of pit sludge has accumulated in Durban (under temporary
storage), but recent trials of two technologies offer significant promise. One option is to
dewater, heat treat and pelletize the sludge, using a mobile plant patented by EWS and
partners. The pellets can potentially be used as fertiliser for agriculture. A second option
(discussed in the next session report) is the entrenchment of the sludge along with agroforestry.

eThekwini's pit emptying programme generated significant quantities of part8/ digested sudge.
Eard pfans were to discharge the sfudge into the existing sewers (where possib&) after
rudimentary primary treatment. Doing this proved a mistake however, throwing the existing
wastewater treatment pfants into serious disarray. As can be derived from Figure 35, in terms of
TotagSuspended So8ds (TSS) and TotaeKje®lah8Nitrogen (TKN), 1,5m’ VIP s@udge can be
considered the equivatent of 1 mega#8tre of sewage!

Going back on the pit emptying programme was not an
option so quick sofutions needed to be found for the backfbg
of pit sfudge accumufating (under temporary storage at a
astewater treatment works).

CoD 157000% 750 wastew works)

TSS 204000 310 At other times and pfaces this type of sfudge has been added

TKN 42000 60 to farmfand, but in this case the risk of pathogens, the
presence of farge quantities of detritus and the difficuty of
repeated materiaBhand8ng quashed that option.

Fortunate#® officia® from eThekwini came into contact with a few groups who offered a
technofbgicalsofution (a second, more 'organic' option, of entrenching the sfudge atong with
agroforestry is discussed in the next session report). In Cape Town there is a sfudge petetizer
that dea® with sudges from the Cape Ffats wastewater treatment works. Using a simifar
method, with a means of drying out the VIPs sudges beforehand offered some promise.

On this basis eThekwini have devefbped a machine that compacts the pit sbudge, dries it (using
medium-wave infrared radiation) and turns it into pefets that can be used in agricugure.
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This machine is current8/ running at one of their wastewater treatment works, housed in two
containers (one of which contains a diese€generator and the contro€mechanisms — but coutd be
done without were a power supp#8/ to hand). The whot set up is designed to be portab® so it
can move around and therefore reduce the cost and comp#xity of transporting the s@udge to its
fina8treatment ®cation. Devedbping it has cost in the region of 2.5 miflon ZAR ($400 000 USD).
Pre8minary anafsis suggests that such a machine coufd service a community of around 60 000
peopt and that it is effective at removing harmfu@pathogens from the waste.

Variable Intensity
ﬁ FDW\,\\IH
Air Flow Pasteurised sludge

Variable screw speed

Variable?

Variable speed

The machine and method are stiBundergoing testing, with the next steps being to: i) re-evafuate
the overa®obijectives; ii) estab8sh settings and ranges for the treatment process; iii) improve the
re@abidty of the machine and; iv) estabfsh the agricuturavafue of the end product.

John Harrison, E: JohnHa@dmws.durban.gov.za or Dave Wi&on, E: DaveWi@dmws.durban.gov.za.
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14. Simple sludge disposal with benefits? Deep-row entrenchment with
agroforestry

Recent trials in South Africa have suggested that the controlled addition of faecal sludge can
strongly benefit the growth of certain plants and trees. Indeed faecal sludge can outperform
fertiliser. Previously the burial of untreated faecal sludge has raised concerns about the
environment and particularly the contamination of groundwater. Preliminary results suggest
however that these fears can be reasonably allayed and, as such, the burial of faecal sludge
along with careful planting offers a promising means for its safe disposal. South Africa's
research thus tallies with international experience.

A major chafenge for municipadties across SADC is what to do
with the digested sfudge removed from pit fatrines. In South
Africa deaing with sfudge is essentia® the rof of the
municipa8ty — in other countries it is hoped that s@udge emptied
by private providers is defvered to the 'pub8c system' in order to
be treated (and possib#éy, reused). Current disposa€methods are
often severed/ inadequate, putting heatth and the environment at
risk.

Internationa®y a fair amount of work has been done on sfudge
disposa®(ateit more so on sfudges from wastewater treatment
pfants). In the United States such sfudge is referred to as
'biosofds' and deep row entrenchment fo#wed by the pfanting
of trees is one of the disposafoptions.

Inspired by such examp#es, recent tria® have taken pface in Kwa-Zufu Nataf South Africa. Eard
tria® took pit sfudge and pfanted it on private fand, atbng with fruit trees. Contro® were used,

with other trees pfanted with standard fertiser or nothing added. These initia8tria& suggested
that digested pit s@udge contributed to enhanced growth and tree heath.

In 2008 farger scafe tria® started at Umfazi East ponds in Durban. The site chosen was
eminenté suitab® — it had former8/ been used for sewage disposa¥f, was befow the 1:50 year
fbod 8ne and therefore 'vafuefess'. Stringent contro@measures were put in pface (to test
groundwater and a&o to compare 'sfudge-enhanced' growth with standard growth). These
tests, pfanting fast-growing euca®/ptus and wattfe, showed that the addition of digested pit
sfudge enhanced the growth of the trees, whi&t borehof monitoring has to date detected no
pofution of the groundwater.

Fo#bw up work with the mu&inationa€forestry company, Sappi, has suggested simifar benefits
in using the sudge for forestry projects, with sfudge seeming to outperform the company's
usualfertiser additions. As fast-growing forestry trees take water and nutrients out of the
ground, there seems 8tt8 danger of groundwater po#ution, akhough stringent monitoring is
ongoing.
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Median of stem diameter at 1.37m (cm)

UMLAZI EXPERIMENTAL ROWS (measured on 12 January 2011)
Stem diameter medians of Eucalyptus and Wattle trees planted in October 2009
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Lab tests, ®oking ctbsed at the growth and photosynthesis of test pfants have confirmed the
benefits of sfudge addition, concfuding that “faeca@sfudge is a vauab® nutrient source with
studge-enhanced tree growth comparing favourab# that aided by traditionafertifsers”. On a
practicalteved, deep row entrenchment has one farge advantage, in that the farge amount of
pfastic waste typica® found in pits does not pose a significant probf&m.

David Sti®, E: dave@pid.co.za or Craig Tayfor, E: 205518269@ukzn.ac.za

http://www.bioso8ds.com.au/
http://www.naturaesources.umd.edu/Pubfcations/Bioso8dResearch/Bioso8ds_Overview.pdf
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15. First do no harm: how do we protect the
workers and the public during the process?

The emptying of pit latrines and urine diversion toilets exposes
both the emptiers and nearby householders to hazardous waste
and pathogens. Previously the full risks of doing so were poorly
understood, but recent research (studying eThekwini's pit
emptying programme) has quantified these risks and allowed a
better understanding of what protection measures bring the risk
within reasonable bounds (and which do not). Better guidelines
on health and safety for workers in such programmes have
resulted, as well as insights on how to reduce the exposure of
poor communities to the various pathogens found in faecal
sludge.

The emptying of pit fatrines and urine diversion toifets exposes
both the emptiers and nearby househoflers to hazardous waste
and pathogens. Yet few studies have actua® ®oked at what
those risks are and how they can best be mitigated. For an
organisation 8ke EWS, which seeks to devetp a formafand
regufated pit emptying programme, quantifying these risks is
important. According8/ the municipaity teamed up with UKZN
to ®ok at this, with the end goaof devefbping protection
measures that bring the risk — to both workers and househoflers
within reasonab® bounds.

There are four cfasses of pathogenic micro-organisms found in
fatrine studges. These are viruses (the sma##est and simpfest,
refatived resistant that do not mu#&ip#8 in the environment and
have a bw infective dose), bacteria (which are unice®@ufar, do
mu#ip® in the environment and have a high infective dose),
protozoa (farger again, with resistant cysts that do not mu#&ip8/
in the environment and have a ®w infective dose) and hefminths
(worms, some of whom are parasites with high8 resistant eggs.
They do not mu#ip# in the environment and have a very ow
infective dose).

The risks entaifed are determined by estimating the probabifty
of infection, with one excess infection per 100 000 per year
thought to be 'acceptab®'. Idea® one woufd reduce risk by
treating the waste before handfng, but this is not possib& with
pit fatrine waste. Hence the approach is to introduce barriers to
exposure.

At first workers, atbng with gbves and boots, were given basic
dust masks to wear (of the sort hardware shops se). Ana#ysis of
the masks being worn by users after a cyct of emptying
however reveatd very high counts of Ascaris eggs on the masks,
especia® for those spraying waste through a separation grid
(before it was washed into sewers).
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It was cear that a basic dust mask was insufficient and that a heavy duty breathing mask wou#l
need to be used. This, together with the other measures, pfus deworming after exposure, was
judged sufficient to reduce the risk of additionainfections to 2.5 peop# per mi@on peopt —
and thus within satisfactory &ve&.

Observations of potential exposure after UD
emptying and burial of waste

Faecalwaste &ft exposed after UD
emptying and buriaof contents

Buriagsites high# accessibfe

Waiting period by househoflers
before buriagsite

Questions remain about how protected househo#lers are from infection, if they are to empty
their own pits or the waste is to be buried on-site near them. But the best has been done to
protect the peopf invo&ed in the pit-emptying programme. In focations other than Durban the
disease profife wibe different, so risk factors wibe different, but the methodotbgy used in
this study woufd remain vaéd.

Contact: Nicofa Rodda, E: roddan@ukzn.ac.za

Where to go for further information (web):
Heath Risk Assessment of the Operation and Maintenance of a Urine Diversion Toifet, Rodda et a®
www.ewisa.co.za/8terature/fifes/173%20Rodda.pdf

Session 6: The sludge disposal issue

16. The critical cost consideration. Sludge transfer and transport
Manus Coffey: S@udge Management Consuftant

There are strong parallels between the management of liquid waste and that of solid waste. In
solid waste the challenge of efficient collection and transport has been much studied and there
are valuable lessons for the sanitation sector. There are various ways to transport waste once
evacuated from latrines, using manual, animal and mechanical means. Distance and load are
two prime considerations, as is the speed of traffic on transport routes. Whilst vacuum tankers
are commonplace in the sanitation sector there are potentially significant benefits to be had in
looking at other options, including tractors and trailers, motorbikes etc.

There are strong para®e® between the management of 4quid waste and that of so8d waste. In
sofld waste the change of efficient cofection and transport has been much studied and there
are vafuab® fessons for the sanitation sector.
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Two of these are found in the maxims of David Jackson, somewhat of a guru in the sofd
waste sector. He said :

Keep
It
Simple
Stupid

Both of which can be app#8ed to the issue of transporting sanitation waste.

There are various ways to transport waste once evacuated from fatrines, using manuaf anima#
and mechanicameans. These each have advantages and disadvantages — and broad$y, the
further the waste needs to be transported, the more advantageous the more 'advanced' forms
of transportation (and vice versa).

Whatever system is chosen (and there a whof range of options: handcarts; tricyctes;
motorcycte traifers; piki-pikis; donkeys and carts; tuk-tuks; modified tractors and traifers; pick-up
containers; and trucks) fbca€modification is key to success. This wi®have to take into account
cuturagfactors, famidarity with the mode chosen, repair options and fcattegistation, amongst
others.

In peri-urban areas there is often an access prob%m, making it difficu& for farger vehicfes to get
to the fatrines. This #ends itsef to a two-stage sofution — with sma#®, high& manoeuvrabg
machines operating within the area (for instance, inside a séum) and then transfer vehicfes
suitab® to the often farge distances to the finadump site
(which can be as far as 10-20 kifometres and thus favour farge
traffic-worthy vehicfes). This 'sp8t' sofution &nds itsef to
separate tanks being used for the fina8transport — this atlbws
the sma#er vehict taking waste from fatrines to shuttfe back
and forth and a tractor or other vehict to transport the tank
ong once fu® This saves on transport costs and means that
fewer emptiers are 'he#d-up' by the absence of a dumping
point during transfer.

As it is, vacuum tankers are commonpface in the sanitation
sector. But there are potentia® significant benefits to be had
in ®oking at other options, incuding tractors and traifers for
farger fads, or motorbikes for smafer ones. In particufar,
tractors are cheaper than trucks to begin with (often as much
as haff the price) and depreciated over a fonger period of time (10 years versus 7 years) — so it
can make financia@sense to adopt this sofution. For short distances a usefu€maxim is therefore
“aBvays go with a tractor” — athough this happens fss in practice than one woufd expect. The
wide turning circte of tractors coufd be one reason — cuturalreasons a&o pfay a part.

Manus Coffey, E: manuscoffey@eircom.net

UN Habitat "Cofection of Municipa€So8d Waste in Devefping Countries" www.unhabitat.org
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Phosphorus production (MT Pty)

17. Human waste: for how long can we afford to throw it away?

Phosphorus and nitrogen turned into artificial fertilisers permitted the 'green revolution' in
agriculture to take place. Yet, unlike nitrogen, phosphorus is a finite resource, mined from the
environment. The concept of 'peak phosphorus'is now gaining ground internationally. This has
parallels to the concept of 'peak oil', save that phosphorus is a vital ingredient for all living
matter and cannot be substituted. Whilst phosphorus use for fertiliser in developing countries
exploded in the last 50 years (since declining with more efficient application techniques), in Sub-
Saharan Africa the use of phosphorus is still minimal (4% of East Asian levels), which holds back
crop yields. In such a context it is arguable that the phosphorus in urine should be considered a
valuable resource rather than an inconvenient waste stream and ways should be found to collect

and use it productively.

Peak Phosphorus curve
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B Modelled

~N

1900 1920 1940 1980 1990 2000 2005 2006 2007 2008 2009
Year

Ma#hutrition is nked to 14% of the gfbbafdisease burden (in terms of
DALYS). A ferti8ser shortage, particufar® in devetbping countries and
particufar® in Africa is 8nked to that situation. It can be argued that Africa
has farge®/ missed out on the 'green revofution', which was brought about
by the farge scat transformation of phosphorus and nitrogen into artificia®
fertiBsers. In Sub-Saharan Africa the use of phosphorus is sti®minima&(4%
of East Asian fve&). This is a travesty as Africa's red soi% (iron oxide rich)
sequester phosphorus, making the addition of fertiser even more
important.

Uné8ke nitrogen, phosphorus is a finite resource, mined from the
environment. A ®t of Africa is far from the sea and far from
where this it is mined, making fertiser more expensive. Yet
there is significant phosphorus content in urine, and some argue
that is shoufd be viewed as a vatuab® resource.

Whi&t the amount of phosphorus that can be recfaimed from
human waste is sma®in refation to the amounts current/ mined
for fertifiser use (around a tenth of use in Africa), as mining
reserves diminish, this wiincrease in importance. Itis a®&o a
calresource for African countries that does not require
transporting fong distances. For subsistence farmers and others
this therefore represents good potentia¥, particufarg given the

®bw usage of phosphorus rich fertisers current4y.

There is twice as much phosphorus in urine as in faeces (and eight times as much nitrogen). As
urine is sterife there are few risks to reusing urine in food crops (not the case for faeca@matter).
This is an argument in favour of urine-diverting toifets, which abw the urine to be captured
uncontaminated and potentia® reused.

Table: Proposed new Swedish default values for excrete mass and nutrients (Vinneras, 2002)

Wet mass kg/person, year 550 51 8.9 610
Dry mass kg/person, year 21 11 8.5 40.5
Nitrogen g/person, year 4000 550 4550
Phosphorus g/person, year 365 183 548
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There are three principafoptions for reuse: the direct app#8cation to crops (after difution); the
addition of magnesium in order to recover struvite through precipitation; and the evaporation
of urine to recover a@nutrients save ammonia.

Tria® have been taking pface in Durban which show the use of recyc8ng phosphorus — these
tria® are aBo exptring issues refated to 'safe’ use of any additives. Cufuraattitudes
surrounding reuse are important — China has reused excreta for thousands of years — but is a
not a farge 'safad-eating' country. Reuse of urine is therefore to be handfd with due caution
and 'marketed' appropriatef/ and sensitived,.

In such a context it is arguab® that the phosphorus in urine shou#d be considered a vatuabg
resource rather than an inconvenient waste stream and ways found to co®ct and use it
productived.

Chris Buck#ey, E: buckfey@ukzn.ac.za or Dana Corde®, E: Dana.Corde#@uts.edu.au

Peak Phosphorus: the sequefto Peak Oi@
www.phosphorusfutures.net/peak-phosphorus
The era of peak phosphorus is coming | Energy Bufetin 20 Jun 2008 www.energybu®tin.net/node/45534

18. Experience with Urban Sludge Treatment in Indonesia

It is possible to decentralise the treatment of wastewater coming from septic tanks, as the NGO
BORDA have shown in Indonesia and other countries. Their self-contained DEWATS system
localises the treatment of waste, without the need for external energy inputs to the process.
This localised treatment makes the waste streams easier to handle, as well as generating
tangible benefits for local communities (such as biogas and compost for urban farming). In
Indonesia there are now more than 500 DEWATS systems operational, with the oldest one
having been installed in 1996. BORDA also have extensive experience in India and China and
have recently expanded to the SADC region.

In the management of faeca€sudge, worlwide there are common issues that act in favour of
new ways of hand8ng and treating human waste. In deaing with sfudge from septic tanks and
fatrines, transport is often the main cost, whi&t existing disposaand treatment pfants are often
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dysfunctionaand pose a threat both to the hea&h of operators and the environment . Vacuum
trucks emptying septic tanks too often discharge sudge direct into the environment, part& due
to a fack of regufation and a fack of incentives for the private (and pubfc) sector to dea®
adequate8 with waste.

One way of getting round these issues is to decentrafise the treatment of wastewater coming
from septic tanks, a system advocated by the NGO BORDA. These systems can fcalse the
treatment of waste and eiminate the need for externa®(cost#/) energy inputs to the process.
Indeed they can generate energy via biogas (the waste from 100 househo#®ls can generate
enough gas to meet 10 househofs' needs).

sedimentation pond

Sedimentation

Anaerobic anaerobic baffled reacto
digestion L naerot "

Y
digosion I
digestion planted gravel filte

T

Post treatment

aerobic-facultative ponds and aerobic polishing pond

A

There are now approximate® 100 000 systems working on simifar principfes operationa®
wortdwide (up from 20 000 or so in 1983).

Since 2005 BORDA has taken some of these principfes and appfed them to pfants designed to
treat municipagsfudges. The advantages of doing so are severa# it uses 50% of the space of
normagponds, it does not require outside energy and is a cbsed system that is easy for
entrepreneurs and municipafties to run. A current system in pface can accept the equivatent of
18 trucks per day (at an investment cost of about $2000-$3000 USD to cope per m3 of septic
tank wastewater brought in — which, in Indonesia, refates to rough®/ $150 USD per person). An
interesting incentive system app#8es to one Indonesian pfant — rather than trucks being paid in
cash by househods, they are given tokens (that househo®lers purchase from the municipa8ty).
These tokens are on8/ redeemed once the truck operator deposits their ad at the treatment
pfant — which overcomes the perverse incentives that &ad to i#gadumping e&ewhere. Such a
system a&o permits easy management of any subsidies that may be introduced.



Seminar Report: What Happens When the Pit is Fué@?

One advantage of anaerobic systems such as DEWATS, is that
they are more robust than aerobic systems and can handé
'batch' hading better. Yet sensitivities remain as the micro-
organisms need to be 'fed' — so systems take poor# to id8ng for
two weeks, for instance. DEWATS systems, of which there are
500+ in Indonesia, sti@produce sfudges, which after sofar drying
can be used for agricuturacompost (tests are sti®being run on
issues such as pathogen surviva@rates, safety of use etcetera.
Tree nurseries are an ideafand safe use). An advantage of

decentrafised systems is that the source of the sfudge is known,
which opens up aternative pathogen management strategies
(for instance, it may be cheaper to provide an 'upstream'
deworming programme than ensure 'downstream' that a®
Ascaris eggs are fu destroyed).

Stefan Reuter, E: reuter@borda.de

See www.borda-sadc.org, for instance
www.borda-sadc.org/fifeadmin/borda-net/Service_Packages/02MSTP_web.pdf

19. Implications for local government of faecal sludge management

WRC started to ok at the issue of FSM five years ago and to think about the impfcations for
bcalgovernment. They concfuded that there is not on® a need to “re-engineer the toifet, but
ato how we go to the toiet”. Hence some of their interest in dry sanitation as wefinding ways
of working with communities on behaviour change and other issues (such as the need to keep
rubbish out of pits).

One of the key €arning points to emerge is that pit sfudge is not ond/ infective but remains so
for ong periods. We must understand this and its consequences, seeking to eminate the risk
of deaing with (and reusing) sudge.

Consequent# it is important that we design from the beginning for operations and maintenance
(O&M) and not be swayed by pof8ticalconsiderations that are driven by other considerations.
We must a&o guard against civi€engineering 'over-design' which has been a particufar pfague in
South Africa. For instance, keeping pits sma®woufd enabf easier emptying.

Beyond this, we shouf not fear permitting sma®amounts of water from entering the pit —
perhaps we can better design systems that can accept sma8amounts of greywater (and
therefore be more ergonomic and taifbored to househof needs). Fluidising waste can hefp with
its 'suckabidty' and offer the promise of easier emptying.

It is a®o clear that a range of appropriate on-site and treatment systems exist, but these are not
a8vays promoted in a way that ®ca€governments and others can make informed decisions. It is
important for ©bca€government to consider a range of systems and not necessarify prioritise
'high-end' civi€engineering systems.
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Seminar Programme

Opening Session: Introduction (Moderator: David Still)

Introduction and welcome to eThekwini.

- Nei€Macfod: Head of eThekwini Water Services

What happens when the pit is full? A trillion dollar question, and an urgent one.
- Jay Bhagwan: Water Research Commission

Sanitation for the billions. Making it work in the global context.

- Steven Sugden: London Schoo®of Hygiene and TropicaMedicine

The future of on-site sanitation. Beyond the cesspit.

-Professor Chris Buckfey: Pofution Research Group, UKZN

Session 2: Inside the pit (Moderator: Chris Buckley)

How fast do pits and septic tanks fiup? Imp#8cations for design and maintenance.
- Kerstin Wood and Dr Kitty Foxon: Pofution Research Group, UKZN

What is going on inside pits and septic tanks? The science of sudge decomposition.
- Dr Kitty Foxon: Po®ution Research Group, UKZN

Sfudge under the microscope. The Ascaris story.

- Cofen Archer: Biofbgica8Science, UKZN

Magic Muthis. Can biofgica€additives make the probfm go away?

- David Sti® PID with Dr Kitty Foxon: UKZN

Session 3: Getting what'’s inside outside (Moderator: John Harrison)

What you need to know about emptying pits and tanks with vacuum tankers,
farge and sma@

- Manus Coffey: UN-Habitat

In Search of Innovations in Pit Emptying.

- Steven Sugden: LSHTM

Experience with pit emptying in the Eastern Cape: the Franchise Mode®
Odver Ive: Amanzabantu and Kevin Wa& CSIR

Session 4: Mechanised emptying for SMMEs (Moderator: Jay Bhagwan)
The quest for sustainab# sanitation in Cambodia.

- Jared Wood: Internationa€Devefbpment Enterprises (IDE)

The PETshop toys. Of eVacs, Nanovacs and PSAs.

- David Sti® PID

9.00-9.15

9.15-9.35

9.35-10.00

10.00-10.20

10.50-11.10

11.15-11.35

11.40-12.00

12.05-12.30

13.35-14.30

14.35-15.00

15.05-15.25

15.55-16.25

16.30-17.00
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Session 5: Grasping the nettle — eThekwini’s Pit Emptying Programme (Moderator: Kitty

Foxon)

Lessons from eThekwini’s Pit Emptying Programme — from pifbt to fulscate.

- Dave Wi&on: eThekwini Water Services 8.30-8.55
Studge disposafin eThekwini. Reviewing the options.

- John Harrison: eThekwini Water Services 9.00-9.25
Simp#e studge disposalwith benefits? Deep-row entrenchment with agro-forestry.

- David Sti® PID and Craig Tayfr: UKZN 9.30-9.55
First do no harm: how do we protect the workers and the pub#8c during the process?

- Dr Nicofa Rodda: UKZN BiofbgicagSciences 10.00-10.20

Session 6: The studge disposa®issue (Moderator: Chris Buckfy)

The critica®cost consideration. Sfudge transfer and transport.

- Manus Coffey: Sudge Management Consu&ant 10.50-11.15
Human waste: for how fbng can we afford to throw it away?

- Prof. Chris Buck#®y: University of Kwa Zufu Nata@ 11.25-11.50
Experience with Urban S@udge Treatment in Indonesia

- Stefan Reuter: Borda 11.55-12.25
The chafnge of on-site faecalsfudge management: Imp4cations for bcal

government.

- Jay Bhagwan: WRC 12.30-12.40

FIELD VISITS

Option 1: South to Um#azi to see Deep-Row Sfudge Entrenchment /
Agroforestry Tria@Site and demonstration of various pit
emptying technofbgies

Option 2: North to Tongaat to Pit Sfudge Pe@etizing Machine and visit to
DEWATS pfant and permacu&ure centre 13.45-16.30
Return to Hote® 16.30
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Various outputs and reports deaing with faecasudge management can be found on the WRC
website: http://www.wrc.org.za

Seminar presentations can be found on the SAKNSS website: http://www.afrisan.org.za

For issues of deep-row entrenchment & agroforestry: http://www.biosolids.com.au/ &
http://www.naturalresources.umd.edu/Publications/BiosolidResearch/Biosolids_Overview.pdf

For discussion of 'peak phosphorus': www.energybulletin.net/node/45534 &
www.phosphorusfutures.net/peak-phosphorus

For discussion of pit emptying techniques and chalenges, incfuding information on the ePLEP
programme in Durban and common practise in Nairobi: 'Sanitation Partnerships: Bringing pit
emptying out of the darkness':
www.bpdws.org/bpd/web/d/doc_131.pdf?statsHandlerDone=1

For information on Ascaris monitoring see:
http://www.wrc.org.za/Pages/Displayltem.aspx?ltemID=3627 &
http://www.wrc.org.za/Pages/Displayltem.aspx?ItemID=8871 & www.wrc.org.za Report: TT
322/08

For information on Pit Emptying Systems:
http://practicalaction.org/practicalanswers/product_info.php?products_id=395 &
http://www.unhabitat.org/categories.asp?catid=548

For information on sanitation marketing: http://www.lboro.ac.uk/well/resources/fact-
sheets/fact-sheets-htm/Sanitation marketing.htm

About heath risk assessments: www.ewisa.co.za/literature/files/173%20Rodda.pdf
On the design and operation of ventitated improved pit @atrines (VIPS) & pit €atrine additives.
Water Research Commission Report No. TT 357/08, ISBN 978-1-77005-718-0: www.wrc.org.za

About the physicafand hea&h-refated characteristics of UD/VIDP vauf contents:
http://www.wrc.org.za/Pages/Displayltem.aspx?ItemID=7926

For transportation aspects see: UN Habitat ‘Cofection of Municipa8So8d Waste in Devefbping
Countries' www.unhabitat.org

On the Great Stink of London that fina# persuaded investment in competent sanitation
authorities in London. Read more at: www.martinfrost.ws/htmlfiles/great_stink.html

Misce®aneous other websites:
http://www.makingsanitationeasy.com/
http://www.ide-cambodia.org/

www.borda-sadc.org & www.borda-sadc.org/fileadmin/borda-
net/Service_Packages/02MSTP_web.pdf



The Southern Africa knowledge node on sustainable
sanitation aims to fast track and accelerate the
delivery of sanitation through sustainable solutions.
The node aims to facilitate and coordinate capacity
and skills development, knowledge sharing and
collaboration.

About
SAKNSS

Benefits for members:

Link and exchange information with peers o

Access to new information and experience ¢

Practical support and capacity building ®

Lessons learned ®

Analysis of policies and sector trends ®

Documentation and sharing of best practice ®

Facilitating platforms for sustainable sanitation dialogue ®
Awareness raising and Networking ®

Southern Africa knowledge
node on sustainable sanitation

WWWEafiisanferng

How to access SAKNSS items?

Users should first register their details before they
can have full access to the SAKNSS items.
Contact management module

The contact management module provides an
opportunity for the stakeholders to access their

The website aims to facilitate collaboration and
information sharing among stakeholders in the

SADC region. It serves as a SADC gateway to
sustainable sanitation information. The website is
the first regional website with dedicated on
sustainable sanitation information. We encourage
our stakeholders to register on the website and
share with us any documents that will contribute to
knowledge sharing and capacity building in the
region.

The SAKNSS website consists of:

Document management system

The SAKNSS document management system is a
user friendly component that allows users to
search documents by Document Type, theme,
country, keyword and advanced search
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peers, contractors, suppliers, NGOs and
government officials. It further allows stakeholders
to advertise their own organisations/companies on
the website.

Links database

The Links database provides access to
organisations, private companies and government
ministries working with the water and sanitation
field.

SADC country information on sanitation
The country information page presents the status of
sanitation in SADC countries with links to the

responsible ministries and their contact details.

EcoSanRes
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What Happens When the Pit is Fulle

Developments in on-site Faecal Sludge Management (SSM)
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