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Why pathogen flows in urban eco-systems matter

Large numbers of infectious pathogens

« Pathogens excreted in high numbers

 Numerous and varied types
Persist in the environment
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Poor management of sanitation
Failures across the service chain release
untreated faecal waste into the environment
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Diseases are spread across the urban environment

Various points of

exposure
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Source: Priss-Ustln et al 2014, Priss-Ustiin 2016, Pullan et al 2014

\

> >23 million
DALYs due to
inadequate
sanitation

) =5 million
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WASH

DALY - Disability-
Adjusted Life Year




Children are particularly at risk from multiple
transmission pathways in household environment

Representation of pathways of faecal microbes

transferred to children 2-5 years in Accra Ghana

Red: Source,
Yellow: Vehicle
Green: Sink

Blue: | ti
ve: fngestion Wang, Y. et al. 2017

Inadequate sanitation has a significant
Impact on child health in low and middle
Income countries

- Diarrhoea

- Environmental enteric dysfunction

- Stunting 7

- Malnutrition O




Providing a toilet may not solve the problem

Research has conflicting results on the impact of sanitation on health:

Synthesis of studies A RCT study in India found little
found typical 30-40% benefit of latrine interventions on
reduction in diarrheal child diarrhoea, helminth infection or
disease (Wolf 2014) malnutrition (Clasen et al. 2014)

General consensus that reducing exposure to pathogens is beneficial for health

However, to achieve health benefits we should consider how to:
v'Address the multiple faecal waste discharges to the environment
v'Intercept the numerous pathways of exposure (water, food, drains, living area)
v'Ensure a certain community coverage is achieved (heard protection) UTS:SF




Misperceptions about how much primary onsite
treatment removes pathogens

99% pathogen removal is the same 2 logs removal

Treatment
unit
Treatment
unit

1%
" release

Focus: what is removed

(W2
Focus: what remains - in terms
of potential infectious doses
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s
Gaps remain — particularly our understanding of how

current sanitation investments reduce health risk

How pathogens
are separated
Into the sludge
versus effluent?

Does regular
emptying of
sludge improve
the effluent quality?

In which contexts
does leakage of
effluent to
groundwater
matter?

Many knowledge gaps

If and where Is
upgrading of
containment the
right investment?

Does secondary
treatment
(‘safe’ under SDG
6.2) sufficiently
removes
pathogens?

Could different septic
tank designs improve
pathogen removal or
Inactivation?




Can simplified system modelling help to untangle the mess?
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Bringing together sanitation and health assessments
to improve understanding of pathogen flows and compare health risks

Pathogen
concentration at
point of exposure
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Based on literature,
SaniPath, Participatory
Risk Assessment

= Dose of
each
pathogen
consumed
per person
per day

QMRA Approach
to calculate DALY

Dose response
relationship for each
pathogen

Probability of illness
of each pathogen

Frequency of
exposure and
proportion population
exposed

DALY for each
pathway and overall

Based on literature,
commonly used in water
quality risk assessment

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

DALY - Disability-Adjusted Life Year
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e
Systems modelling to understand and assess improvements

Modelled change in estimated DALY per person per day from
base case for different sanitation improvement options

Point of exposure
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e
New methods and research

Improving our understanding of the mysterious flow of pathogens in urban areas

Pathogens found in water and soil samples in Dhaka Bangladesh using TAC

I H Zoll naar chlches

B 5olll I froet: ol oo with o

I Sl e e e 2

B Murkdzsl v stk nesr smting o

H Srewd reuricizal wrier (aoteisa)
[l Tz waier from ERches

number of pathogens detected

& 0k M ow g u o om w4 m o w B E
r 1 1 1 2 1 1 1 1 1

S S f;}jﬁ?wgfiﬁ Vi

protozoa helminths E.coli bacteria virus

o UTS:ISF”
Source: Ahmed, T. et al. 2017, lcddr,b and University of Virginia.



Moving forward — key gaps

Understanding the complementarity of different tools
(what to use and when): Sanitation Safety Planning, Shit
Flow Diagram, SaniPath, System modelling.

Empirical research on the impact of sanitation
improvements on pathogen discharge (e.g. emptying,
treatment technologies)

Examine the fate of different pathogens in urban
environments and treatment technologies

Further application of emerging methods to monitor
multiple pathogens in the environment (e.g. qPCR)
particularly in developing country contexts

Develop improved decision making frameworks to
support multiple objectives: economic, health,
environment
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