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Planning urban sanitation raises many questions about how
we protect public health!

Which exposures to pathogens are most
significant in terms of the health risks
(in waterways, groundwater, food etc.)?
Where in the sanitation chain should
improvement options be directed?

Will our new

desludging program

reduce health risks?
Or do we need to With limited resources,

also improved which data should be
containment? collected, if we want to find
out how to best improve

health outcomes? WASH &
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Key messages

1. Public health risks need to be better taken =
into account in deciding between sanitation ~ §
improvement options :

Using a source-pathway-receptor
conceptual approach, it is possible to
estimate the pathogen flows across a city,
exposure to these pathogens and related
health risks

3. Comparing options on the basis of relative
health risk may point us to different
sanitation solutions as compared with
commonly assumed solutions
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Public health benefits often drive sanitation improvements

TRANSMISSION HEALTH
PATHWAYS IMPACTS
e Public health benefits of reducing Water supply: direct
exposure to faecal pathogens are consumption
not disputed Bathing/swimming/
] ] ] _ secondary water supply: o
e Inadequate sanitation is associated indirect water Diarrhea 18.6 million DALYs
with various health impacts, not consumption
jUSt diarrhea Food: direct consumption
 Numerous types of pathogens and Hands & fomite: indirect Roundworm & -
. .. i : million DALYs
various pathways of transmission consumption S EIT
from inadequately managed Skin transmission in soil 3.2 million DALY
sanitation in urban environments. Skin transmission in 0.3 million DALYs*
LS / 2.7 million DALYs*
Vector.flies and 1.9 million DALYs*
mosquitos
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However, investments rarely consider pathogen flows

Current decisions often based on:

e (Capital cost

e Assumed benefits of individual
technologies or practices

 Environmental discharge standards

e Protection of downstream
environment

Rather than an understanding of

where the most significant public
health risks lie

what sanitation system or service
failures are the source of pathogens
which improvement options will best

address these
et § o
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Can we develop an approach to better consider health In
urban sanitation decision making?

Leveraging from existing mapping and

assessment tools and global pathogen data, /Can we identify and compaN
can we estimate the faecal waste which improvements in the
discharged to various exposure points? sanitation chain best reduce

pathogens or pathways

associated with priority diseases
Considering which pathways and pathogens pose the specific to the city’s existing
greatest health risk, can we link the estimated pathogen \ e S /
concentrations with exposure data and use quantitative

microbial risk assessment (QRMA) to estimate the
relative health risks?




1. Reviewed existing tools and assessments

e \arious tools exist to inform and assessment sanitation status,
planning, health risk and exposure (e.g. Shit flow diagram, Sanipath)

* No existing tools explicitly linked an existing sanitation situation with
health risks to directly inform sanitation planning.
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* |dentified gaps: &\; TETETTTETYE
» assessment of source of pathogens entering the environment
» relative significance of the different faecal waste discharges

» variability in removal of different pathogen classes (helminths,
protozoa, bacteria, viruses)

» health risk assessment situated within the city context and
considering the full sanitation service chain (rather than only in
relation to standalone ‘technologies’)
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1. Set up the system, > Calcul h
. Calculate pathogen T o

assess the faec.al waste load and flows along the || 3+ Calculate pathogen —| Findings from most significant exposure
pathways an.d identify service chain concentrations from various [ | pathways can inform initial sanitation

exposure points flows at each exposure point improvement options to be assessed

Input Data A 4. Calculate the
. — R . 5. Develop and test

- Pathogen load e oum e RS [ relative heath risk for P

House Environment each exposure point improvement options
-, considering the service

- ﬂ chain and compare with
Groundwater/well

: base case
Input exposure quantity,

- Local Data:
- Sanitation types
- Wastewater flows
- Service chain status

- Drainage/flooding " LocaI dram/canal frequency and population ]/ \[
. TN L2 :
- Soil/groundwater d exposed suitable to local
e— .
Zirse(;/:ince of {} Receiving waterway context.. Apply .dose-.repose I\:I]ode.l newtscenar.los bty
— Input pathogen log reduction for e E’i’#ﬂﬁ TECEl, |!Ine]cs.s/|n1‘|§ct|on and| | anmg >¢ ushor |:pu °
< - system and flow paths, consider Agncmﬁture Reuse DALY ratios from literature. an hcolThpérek eftch ;nge
- type and performance. Add - 6%‘“‘% N NEATTN TISKS Wi ase
\\ RS ——— d-l . b d I I d- . = = - 1 ____\_i',’ B el Case
N ilution based on local conditions| | ~“gEmpty fields — | 1 __
VMmoo Validate with literature or local
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3. Applied approach to a hypothetical example

HOUSEHOLD LOCAL AREA COMMUNITY CITY/DOWNSTREAM
le. 1 household le. 10 households le. 50 households le. 500 households

Toilet to sewer/drain

Z

Toilet to septic tankl

Closed Sewer

Wastewater .«

Open Drain Children playing
Local Drain C__,pc';__y:)

{ay Unintentional #Unlntentlonal mgestlon Swimming
'f/,)éo - ingestion _
Not emptied N Flooding Leggrjg I Agrlcultulre Reuse

r|ing m

Emptied gt Tense b ﬁ-v—.ﬂ

S|udge e S~ : | Dump T ‘I;E.i -=‘l
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(Stored) l Hands, Drinking o e - Fresh ;d:l.ce

Taken away Sludge

Treatment Plant gmpty fields
Manual

1l Sl i
emptying &\ =4, Dump on site M Could add rows for other systems (pit unt 4
e k—- i - : ntreated sludg L 2
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4. Developed and tested improvement options

c

(]
- th Q -
T3 |&B|£ |2 5 3 5 5
Sanitation improvement option e § % g S = g gl & §
22 |S5| =|€E¢ S 9 c| 8| <«
3S|o| 8 |EG 2% |8|3c| K
O ¢ - o O - o Qo O ¢ (@)
Tw | 0| S|loa| o= |l ow| &=
1a. Reduce leakage from sewer and drain into groundwater (as o 0 0 o o
25% population assumed to use groundwater daily for drinking) 0% /l\ 0% | 0% v 0% 0% T
1b. Redt'Jce groundwater use for drinking by half by providing an 0% ,I\ 0% | 0% 0% ,l\
alternative water supply
Z. Cover local drains 0% | 0% /]\ 0% 0%
— —
3a. Toilet and septic tank eftfluent to sewer (not drain) \l/ 0% * /]\ 0%
3b. Improve conveyance (reduce flooding and leakage) /Is /]\ 0% | ¢
3c. Increase sewer discharge that reaches treatment plant 0% 10%!| 0% | 0% /]\
<3a. Improve wastewater conveyance (3a, 3b and 3c) /Is /]\ /]\ /]\ N
4a. Increase sludge emptying ~ low| N 0%
4b. Increase sludge emptying and its delivery to sludge treatment 0 o
plant ™ (0% | T 0%
5. Improve faecal sludge treatment and wastewater treatment 0% 0%l 0% | 0% N
6. Cover drains, reduce groundwater use, discontinue reuse of
0, [0)
( d sludge and wastewater for food production 0% /]\ ,I\ e T




Key limitations and uncertainties remain...

e Pathogen data gaps e Balancing complexity with usability
* GWPP* not complete * Trade off — inherent complexities vs ease of
* Pathogen log,, reduction in all systems use for practitioners.

for all pathogens
e Apportioning pathogens in septic tank
e Behaviour in drains/waterways

e Does not yet include time and spatial
considerations

e Dilution approach needs further thought

* QMRA approach questioned e Primarily useful to guide researchers and
e Applicability of dose response model sanitation experts

e Exposure data context dependent

e Suitability QMRA for high pathogen
environments

e Benefits of more complex modelling:
stochastic and sensitivity analysis
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What was achieved and where to next

 Modelling provides a way forward in the face
of data constraints that are typical in
developing country urban contexts.

e Highlights the need to widen our consideration
of health risks and exposure and to consider
how to prevent pathogen entry to the
environment.

e Further empirical research in specific locations
is now required to refine the approach and
address data gaps
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Key messages

1. Public health risks need to be better taken =
into account in deciding between sanitation ~ §
improvement options :

Using a source-pathway-receptor
conceptual approach, it is possible to
estimate the pathogen flows across a city,
exposure to these pathogens and related
health risks

3. Comparing options on the basis of relative
health risk may point us to different
sanitation solutions as compared with
commonly assumed solutions
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THANK YOU

For more information:

juliet.willetts@uts.edu.au
freya.mills@uts.edu.au
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3. Linked exposure with probability of illness and resultant

health risk (disability-affected life years- DALY)

Pathogen
concentration at
point of exposure

)

House Environment

Local dram/can

Receiving waterway
T
Poetet et
s%a%*a®a"

Agriculture Reuse

Lo

Empty flelds

Volume
consumed/ time
exposed

Water consumption

Indirect water

QMRA Approach
to calculate DALY

consumption = Dose of
Food consumption each
: pathogen
Fomite & Hands
consumed
Soil to Skin per person
per day
Water to Skin

Dose response
relationship for
each pathogen

Risk of illness of
each pathogen

Vector flies

Based on literature,
SaniPath, Participatory
Risk Assessment

Frequency of
exposure and
proportion
population exposed

DALY for each
pathway and
overall

Based on literature

Apply the model to
different scenarios to
assistt with decision making

Test different
improvement to the
sanitation system

Compare how DALY
changes for different
exposure pathways
and overall
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3. Base case: example model outputs

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

Predominant exposure pathway as
calculated using QMRA (Adult)

Bacteria Bacteria Protozoa Virus Helminth  All pathogen
Concentration Probability of Infection/p/d DALY/p/yr
(pop
equivalent)

POINTS OF EXPOSURE:

O Groundwater Exposure
B Community Drain
M Fresh Produce

B Household Environment
O Local Drain

B Downstream river

B Downstream Environment

Annual DALY across exposure pathways
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