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Realising Value in WBE ARUP

Wastewater- based
epidemiology holds a
mirror to public health
that doesn t lie...




UK WBE Covid-19 Response ARUP

COVID-19 Lockdown WBE modelling tools Advanced modelling techniques

The global pandemic Arup continues developing Arup investigates wider health
triggers National Lockdown | WBE tools, testing at city-scale | markers and source tracing methods

2021 2022

UK Government looks to WBE Global R hp
Arup supports UK Government as obal kesearc rogramme

they consider WBE as a means for Arup launches investigation into the value
controlling the spread of COVID-19 of WBE and tests its applicability in low-
resource settings
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How does WBE work? ARUP

Steps for Wastewater Testing

1 o 2

People become T T~ SARS-CoV-2 in
- stool gets flushed
down the toilet

infected with
SARS-CoV-2

<

Virus particles % % 4

travel through the { Sewage sample
sewerage system % is taken along
the sewerage

shed or at the
treatment facility

5

Samples are transported

L- t and stored at the laboratory
-
u 6

Viral and other measures are taken
at the laboratory, after filtration,
concentration, and RNA isolation

Public health action is informed by sharing data and reports

g'penly ﬂ“dmt:mﬂ?g"ﬂ’ share Interpret results alongside other ﬁ Advance wastewater science and
pm D o Eaccasianes surveillance data 75" | our understanding of COVID-19

a'a Who a'a Who a'a Who
Public, policy actors, and journalists Local, regional, national, and Researchers, students, and
international public health aleng informed public
with ervironment and wastewater
collaborators

“Manuel, Doug; Amadei, Carlo Alberto; Campbell, Jonathon R.; Brault, Jean-Martin; Veillard, Jeremy. 2022. Strengthening Public Health Surveillance Through Wastewater Testing : An Essential Investment for the COVID-
19 Pandemic and Future Health Threats. World Bank, Washington, DC. © World Bank. https://openknowledge.worldbank.org/handle/10986/36852 License: CC BY 3.0 1GO.”



Global uptake of WBE ARUP

Figure 1. World Map of Wastewater Testing by Country
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Source: Data provided by Covid Poops.
See reference Naughton et al. 2021.
Map generated by World Bank.

“Manuel, Doug; Amadei, Carlo Alberto; Campbell, Jonathon R.; Brault, Jean-Martin; Veillard, Jeremy. 2022. Strengthening Public Health Surveillance Through Wastewater Testing : An Essential Investment for the COVID-
19 Pandemic and Future Health Threats. World Bank, Washington, DC. © World Bank. https://openknowledge.worldbank.org/handle/10986/36852 License: CC BY 3.0 1GO.”



“WBE will allow better disease
surveillance and control in many
low-income countries. It will allow
valuable healthcare resources to be
targeted in a more cost-effective

»

way.

Prof. Davey Jones
Professor of Soil and Environmental Science
Bangor University

Global applicability of WBE

“WBE has a great potential to
provide cost effective public health
surveillance in low-resource settings.
To be implemented globally, WBE
needs to be equipped with low-cost
technology applicable in remote
settings.”

Prof. Barbara Kasprzyk-Hordern

Professor of Environmental and Analytical
Chemistry

University of Bath

ARUP

“Wastewater monitoring is most
critical in places that lack
centralised healthcare because it can
triage health at community scales.
Therefore, developing WBE
guidance for such settings is a key
step in protecting and improving
health among the most vulnerable.”

Prof. David Graham
Professor of Ecosystems Engineering
Newcastle University



WBE Guidance Framework

Developing an infrastructure-based WBE guidance framework

1.
Infrastructure
Classification

Define a discrete
number of
wastewater
infrastructure

types.

Infrastructure-based WBE Guidance Framework

2.
Sampling
Methodology

Assess what kind
of wastewater
samples could be
retrieved in this
setting.

3.
Degree of
Testing
Capability

Define the degree
of testing
capability that
would be
appropriate for
each sampling
methodology.

4.
Information
Outcome

Describe what
outcomes each
sampling and
testing scenario
would allow you
to achieve.

ARUP

5.

Reflection on
Non-
infrastructure
Factors

Investigate the
non-infrastructure
factors that may
support/challenge
a WBE system in
these contexts.



1. Infrastructure ) 3. Degree of )
Classification esting Capability ARUP

1. Infrastructure Classification

of Sanitation Systems
and Technologies

Define a discrete number of wastewater infrastructure types. o e

» Formulate a WBE approach related to
a range of infrastructure settings

 Nine classifications of global
wastewater system

* Using the EAWAG/IWA

System 1: Single Pit Syste
Technology overview: Use of a sing)

‘Compendium of Sanitation Systems T TR e
and Technologies’. = =

« Technical overview, key | - ———
characteristics, useful information , T BN T e




2. Sampling
Methodology

3. Degree of
esting Capability

2. Sampling Methodology

Assess what kind of wastewater samples could be retrieved in

this setting.

What to sample?
Where to sample?

When to sample?
How to sample?
Sampling transport

g Method

blogy

eem. the framework offers insight to the kind of sample that could be collea.

ple Collection
1at to sample? Health markers are preseat in both
iine and facces so it could be important to identify
hich markers are of inferest when solid and liquid are
separated at scuree. Drug residues are typically
secreted in urine whilst viruses and bacteria are found
in faccal particles

For samples with a high-solid content, mixing within
the collection chamber is likely to be low. Best
practice in this case is to combine samples from
various point in the charnber and use 2 buffer solution
can be used to homogenise the saraple.

In the case of open defecation it may be possible to
sample stermuwater nunof from gutters or drains in
community corridors.

Where to sample? A sampling location should be
chosen to give  suitable representation of the
‘opulation. Some wastewater collection facilities may
Ty be used by 2 subsection of the community and
+hould be understood prior to sampling

+ (ghysically, cemographically, and temporally)

© The growp SCORE developed 2 set o “athicas

research guidelines for sewage epidemiology™ .
outline the potentia] ethical risks of menitaring
‘wastewater in small communities.

Retrieving 2 wastewater sample may be achieved
throughout the collection patinway, e.g. point of
collection, tanking, treatment facility, fo gain insighte
2t 2 suitable scale. Collecting samples further along in
the process will give an indication of a larger
population but concentrations will Likely be reduced

When to sample?

Centralised wastewater infrastructure (systems §/3) are
Sow-variable and therefore samples should be taken 2t
times most likely to contain toilet waste, this will vary
geographically and with distance from the source.
With other collection systews the toilet waste i
compounded over time and therefore extracting a
suitsble sample is less of tamporal issue. Biomarke

do decay over time (e.g. SARS-CoV can survive

days in 2 stool sample®) and thus sampling freqr
should be informed with targeted marker decs

Sampling considerations

Samples

aepresents muttiple households, co

unded over time, mi-

mea
*h pile and combins]. May b diffcul 10 sce-

Open defecation
Single pit system

Waterless pit system with sludge
production

Pour Flush Pit System without
Sludge Production

Waterless System with Urine
Diversion

Biogas system

Blackwater Treatment System
with Infiltration

Blackwater Treatment System
with Effluent Transport

Blackwater Transport to (Semi-)
Centralized Treatment System

Sewerage System with Urine
Diversion

ARUP
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3. Degree of

esting Capability

_ I ARUP
3. Degree of Testing Capability

Define the degree of testing capability that would be appropriate for each
sampling methodology.

» Type of Analysis DegreeOfTeStmgCapab|||ty

} : ) ) ) Depending on the health marker of interest (viral. bacterial, chemical) Legend )
. Bacterlal B|0|Og |Ca| V| ral Chem|cal there are a series of options available, varying in complexity, used to Complexity of Process [] O
! ! ! analyse a wastewater sample. The guidance includes a flowshest of Ease of Procurement @ 0 @
the processes involved and reviews commerdally available capability. Cost b 23 723

« Commercial options review

- Purification and
Ouantitative ) . ) Identify presumptive
Bacterial e isolation of presumptive Y
Analysis target organisms EET OTE =
H Dumtitaive sanpls auafzis (8.8 . i I
® P rO CeSS CO m p I eX | ty I AMR] E.colif ESBL-F. Coli ca'—.'cs?n'rz::r_: Salect five represenzarive colonies E'm'lim'.':ml idsntification msthods
P 3 i - . - {comantiomal or auromared)
avud proportion. 4 MR ) Jrom TEX + CTX plotes and streaf fo ; - .
: wrification To ¢ e o ipchemical fication methods
Equipmenz m purficanon e . used s rout the laboratory

process described i Global Tricycle

- Ease of procurement

i i1 arneExes

. N (procedurs

S plike £ F— — ESRL. E col® Lo y o —
L 1| Swrveillance — ESBL E.colf Global Tricyels Sterveillancs — ESE!

Merhrane Bl st @O E.coli').

* Indicative cost

Biological/
Viral Analysis

il ity
Bagecti beals

Puper-hased

Nucleic Acid
Extraction

£l iy
te0

Sample Preparation

Sample & comcerdrated o prrified

vi solia phace exfraction

Amplification

Amplfficarion of D4’ RNY targets
to erable arualysis. This could torget
single ov multiple markers; &.g. Hgh
throughowt PCR (HT-PCR} ailows up
to 284 marker: 1o be tested ar once.

RT4PCE w0 [

RT - LAMP iE

NASBEA iE

Liquid chromatography
mass spectrometry

LOMS separaely the sanple

Signal Detection

Tipical techrigues clude optical
detection (fluorescence or
colorimenry), electrochemical
sevsing, elecironic sensing, and
mmopors-hased sequencing?.

Identification of
presumptive |g

LCMS will give -

chemical pr-
e e o
=
i MOX Comtralges 26 i
- . D Quantes AM Theren iEF -
= Electrun



1. Infrastructure 2. Sampling 3. Degree of 4. Information

Classification Methodology esting Capability Outcome ARUP

4. Information Outcome

Describe what outcomes each sampling and testing scenario would allow
you to achieve.
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° Binary OUtpUtS Early warning system for [l Y e
disease
« Early-warning systems v v v v
« Highlight need for more detailed testing Mgg;g;”gtrr:;ddy v v

Community health

. Quantltatlve outputs improvement
Evidence policy/ v v v
« E.g. indication of infection rates, community- e 0 EEE By
wide trends, intercommunity trends ~ible Qutcomes v v v v
Vs ol it o o s s & oy s el Monitor impact of policy/
- - agualites between communities d - d . ® / / /
« Stakeholder motivations and e esign decisions
. e . F‘wﬁ?‘ﬁﬂf“ﬁ;ﬁﬁiﬁﬁm:‘ Future infrastructure v v v
beneficiaries e investment decisions
some options for data analysis that will provide varied outcomes. A = = =
Binary data snalysi - _ Monitoring impact of | v
s Bl o e T s T s infrastructure investments
:;::p;‘:‘nd serve as an early wammng system, indicating the need for a more ;
umidineiase il Inform design approaches v v v
i s s Sk By o S B o O GO TS
imsighes hat follow ae detaled below, Monitor pollution v v v
Indication of case rates
e o e e e S Identify inequalities v v v v
-ample wastewater, this can be 1 d using local k ledge or by -
2 other buman waste markers in the sample, ke ammonium. Understand lifestyle/ v v
1wide trends g
dze of population, trends in disease prevalence can be obse hablts
“ion, providing information to rising or fallinz o2 ) )
Quantify exposure risks IR RN



) : ) ) - iﬁfrastructure Factors- ARUP
5. Reflection on Non-infrastructure Factors

Investigate the non-infrastructure factors that may support/challenge a WBE system in these contexts.

« Community awareness and buy-in

* Local behaviours

S o ©
g= = =
- Stakeholder engagement and ” _ | E. g e & s -
P S o - - —
governance = S | 2 |25|€5| B8 | 2 | 28| g 2 o
S T & Ss5| 82 o) 2 g,-g S 3 =
. g 2| 3 |23|22| o | E|E2| 8| 5| &
« Staff safety and dignity < g g é?% T % < | BE| @ = =
L E | &5 | © g °
 Capacity building S £ o
] o Public health
* Managing insights - authorities

Reflection on non-infractstructure HOUSGhOIdS

factors
NGOs
CBOs

Private laboratory

Utilities
Universities




Continuing development and engagement ARUP

Foreign Affairs -
FCDO, AusAID,
Glz, USAID

Local water  Developed
Authorities/  country
Ministry of ~ governments
Health

UNDP

ARUP

Global
UNICEF WASH

UNHCR cluster
WHO UNEP

The Future of ‘
Wastewater-based Epidemiology
(WBE): Global Context

Developing guidance on implementing WBE to
improve public health in low-resource settings

KWR Who to

engage?

WEDC
LSHTM UNSW

Cranfield U U of Bath

WaterAid
fam

o) €. i
Red Cross Wastewater for Health @"

U of Newcastle EAWAG W@y com
U of Bangor A MSF WSUP Guidance for implementing wastewater-
Academia based epidemiology to improve public
health in low-resource settings What? Why?
The Future of Wastewater-based s il i S ol oiemmeng LD
Epidemiology (WBE) approach to health monitoring realising the benefits of WBE as an early

warning system and a means to gather
Wastewater-based epidemiology (WBE) ms:ghrl'?mg public health g

has been used to detect COVID-19 in

sewage and inform response. WBE  Arup are exploring how this approach

offers potential to analyse a range of extends globally to support health of

health markers and opportunity to gather  those in low-resource settings . We have
honest refl of

Develops

an y % begun ping a guidance
public health for implementing WBE depending local
wastewater infrastructure
SarsCov-2 Lockdown UK Gov WBE: Phase 2 UK Gov WBE: Phases 3
The global pandemic wiggers Arup continues developing WBE  Arup investigates wider bealts
Natiozal Lockdown 100ls, testing at city-scale I marken and source tracking methods
2020 | 2021 2022

UK Government looks to WBE Ciobal R ™
Arup supports UK Goversment a1 they lobal Research Programme
consider WBE a3 & means for cornolling Arup lsusches imvestigation tnto the value of WBE
the spread of COVID-19 and tests s applicabiley in low-resource semings

p aim2 )
Timeline: Global 1

rl tecature Review Workshop
Research Programme Project Orafting Finalising
. Scoping Guidance Guidance ‘
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1.Stakeholder mapping, 2. Guidance document, 3. Stakeholder engagement survey, 4. Engagement postcard, 5. Project email address
@p
>~] WBE@arup.com



Reflections and Next Steps ARUP

The power of wastewater-based epidemiology ....
“Wastewater-based epidemiology (WBE)

. _Oppo_rt_uni_ty for early warn_ing_of health emgrgencies, _ is generally more important in a LMIC
identification of health deprivation and pinpointing pollution setting because preventative healthcare
hO'[SpO'[S. and resources are less available or not

very reliable. WBE provides a way of

« Cost effective health assessment tool for low-resource settings flagging places within a community or

network where limited resources can be
most wisely used.”

» Focusing allocation of resources to the most vulnerable

Prof. David Graham, Professor of

Ecosystems Engineering
What’s next.... Newcastle University

 Testing: Continued engagement with WASH and SME partners

* Pilot study: apply this framework to further assess the applicability
of a WBE as a global health monitoring tool.

Email WBE@arup.com to find out more
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Contact Detalls ARUP

Olivia Bailey PhD, MEng

Digital Water Consultant | Advanced Digital Engineering
E: Olivia-x.Bailey@arup.com

T: +44 7971948102

Register interest and keep updated
WBE@arup.com







