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What is Wastewater-based Epidemiology? ARUP

BaCkground @ " TEToLEr

The COVID-19 pandemic has "
reminded us of ;@ -

the importance and impact of \ﬂ/
public health.

o IN THE SEWER SYSTEM

Sewage, containing biomarkers, leave
the property and mixes with the rest of the
community’s sewage in the sewer system

o ANALYSING SAMPLES
Samples are transported to a laboratory
and analysed for the biomarker of interest
- biological, viral or chemical

Through monitoring o .
biomarkers, found in . £ O
o SAMPLING

gﬁ :‘ ] and national level to inform better

- decision-making and proactive public

il health acti
sewage, wastewater-based o RO 3 / e

, from the sewer, or at the *
wastewater treatment works
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OARD & EARLY WARNING

epidemiology (WBE) can
give an indication of human
health. © rrmemtotm

and interpreted by experts




Data from Wastewater

Synthesising different types of data and insight

WBE data can contribute rich insight into population

and environmental health and there 1s opportunity

to extend this in the future. In combination with

other sources of place-based data, there 1s potential for WBE
to extend 1ts role and impact as part of longer-term cross-
sector approaches to urban health and wellbeing

QUANTITATIVE
_— WBE data
Wastewater: Other health e
a reflection of our health assetdatasets .~ 1" :
A look at the future of wastewater-hased epidemiology /', fl . } |;
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Health-led planning

and investment

Planning, design and
investment in place-based
health and wellbeing assets

4

Place-based health and
wellbeing assets
Understanding the wider
determinants of health and
setting shared priorities
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Health challenges and
opportunities
Population health and

demographic data
+

WBE data & insight
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WBE to proactively manage ~ ARUP
public health :

Data to insights
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,\ Target areas for interventions and minimize

impacts on other areas

Feed into data led health policy




Insights Through
Analytical Tools




Where did we start?

‘Given a sample taken at a certain
location and time, can we tell where that

has come from by using a simple model?’

We wanted something that was accurate,
fast and flexible and based around the
outcome we were trying to achieve...
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What 1s the exam question?

Aims:
. Obtain temporal tracer concentration distributions
. c(t)

. Determine travel times and discharge
. Centroid & area
. Describe mixing processes

. Shape
Application:
. Investigate source localisation

.  Quantify chemical & virus changes

. Validate WQ models, esp. storm conditions

Models

& Downstream Data
Surcharge = 119mm

ADZ
R2=0.886

50 100 — 150 200



| | ARUP
How did we go about it?

1. Work with great partners!

Lo :
et Yl ~ wyowcomy  Emeemm  ATKINS  ARUP
Agencyy Water for the North West w Welsh Water YorkshireWater Member of the SNC-Lavalin Group

2. Field work in 4 cities (95 traces!) 3.  Great modelling team! 4.  Develop ‘Sewer Fingerprint’
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.. ARUP
Application

As part of our field work, simultaneous 3 km at its longest, geometry
9
injec tions were Carrie d \ provided by an InfoWorks model
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Application

—_

Concentration (ppb

Stacked

Injection B

94 m P
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Source localisation X\ V4
Working out injection location from monitored result 0 °. Q- : v
Most existing research focuses on sensor placement N> N
Other approaches focus on matching measured and o . @

modelled spread of profiles

Instead, let’s treat each downstream profile as a Residence Time
Distribution (RTD)

Each RTD describes the unique % S0
response between an injection
and monitoring location ¢

The RTDs of a network can be thought of =
as similar to the ridges in a fingerprint... f f@\




ARUP
Network response

RTDs can be convolved with an input to predict

—
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a response 2506
© O
Let us assume an activity profile ¢ 50
c 0.2
* E.g., more network use around lunch 8 N
Once convolved, we see a downstream 11:00 12?_0 f1d 3:0((>h 1)4:00 15:00
. . . . . e e Ime o1 aay (hours
prediction with timing related to activity
* Exact concentrations are challenging and in 1.0
practice the material i1s all mixed together ~ _ = o.s  Iniection
o C
. . ) i
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predicted to estimate probability of source 85 04
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Impact of sampling time

ARUP

13:00 14:00 15:00

Time of day (hours)

1.0
* Importance of consistent sampling — 0.8 | Injection
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Wider
Applications
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ivers ? Do dat Abour  Get Invoh D= oz
@ River Is my river fit to play in m ownload local dsta about ruaied P

Sewage 1s polluting our waterways

3

=z Avoi
tream of thase
discharges and avoid the overflows (brown circles),

Britain's rivers are suffocating to death sspecally sfter it has basn raining. Use e sesrch box or

PrOblem statement: George Monbiot

B/8na

Edinburgh

Wastewater pollution of waterways is getting
increased attention and water utilities are under

Water that should be crystal clear has become a green-brown Belfase

Click the icor

pressure to reduce pollution events. o ] ) A
TRk p-*
Somathing that dossn't look ight? Le: LI ] . @& ot
ima 20 e )
lews with spill duration monitarin @ , S 00,55 R i

Current approaches/solutions:

Mumber of storm overflows

Y < lete ock stHeber
ncrease Capacity o g R S s
worse than the water companies’ disgusting habit of filling our
rivers with raw sewage. After a deep dive into the data, the team Reerac

that made Rivercide last week discovered that while sewage now

° 1 :
Expand or replace infrastructure e e Y. i SV
° S ep ar at e Sewers Investigation into sewage governmenz fails to stop sewage spllls e Tt raria 1ot | e o =

RIVERCIBDE

IN 60 ACTION-PACKED MINUTES, THE WORLD'S FIRST LIVE INVESTIGATIVE DOCUMENTARY WILL
ATTEMPT TO FIND OUT WHO IS POLLUTING OUR RIVERS AND WHY WE'RE NOT STOPPING THEM

2ping o

EA and Ofwat begin inquiry after water companies admit possible
il discharges into rivers

* Generalised catchment solutions/ pilot
schemes

* E.g. SUDs schemes (driven by available
space/ potential benefits/ single design
simulation) e

Photogra

itted that they could be releasing unpermitted sewage inte watercourses.
en McLean/Rex/Shutterstock

‘Water companies are at the centre of a major investigation by the financial
and environmental watchdogs after they admitted they may have illegally
released untreated sewage into rivers and waterways.

The Environment Agency and Ofwat said they had begun an investigation



1.
CSO

frequency

Analyse CSO
frequency

Identify high frequency
spill time

2.
Track source

Track source

Use source tracking to
identify probable
catchment contributing
and time probable
wastewater left
catchment

3.
Wastewater
quality

Analyse domestic
wastewater quality
Identify probable water

quality of the high
frequency spill

4. Target
interventions

Target interventions

Prioritise interventions
based on spill frequency
and quality

ARUP

5.

Select
intervention

Interventions
include:
»  Stormwater removal

* Incentivise water-
saving technology

+ Targeted
communications

e Infrastructure
upgrade









1.
CSO
frequency

2.
Track source

3.
Wastewater
quality

4. Target
interventions

5.

Select
intervention

Explore catchment water source

Water Quality
Indicator

ARUP

—Toilet — Shower —Kitchen
— Laundry — Stormwater
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— Sum

e Site A
— Site B
e Site C




Target interventions to problem areas ARUP

1.
CSO
frequency

Water Quality
— Indicator

2.
Track source

3.
Wastewater
quality

Water Quality
_ )
Indicator

4. Target
interventions

5.

Select
intervention

Water Quality
—_— Indicator




1.
CSO
frequency

2.
Track source

3.
Wastewater
quality

4. Target
interventions

5.

Select
intervention

Select appropriate intervention

ARUP

Incentivised technology
schemes

LJ

Targeted public
engagement

_Q
X

Infrastructure upgrade

Incentivised technology
schemes/ SMART tariffs

%

/\

z Q Greywater reuse

o '
r Targeted public

—Q engagement

X Infrastructure upgrade

Incentivised rainwater
harvesting

QZ_ Sustainable Urban
~—=7 Drainage




Want to
Read More?




Outputs

Check for
updates

Quantifying Mixing in Sewer Networks for
Source Localization
Fred Sonnenwald, Ph.D."; Joe Shuttleworth?; Olivia Bailey, Ph.D.%; Margaret Williams, CEng.*

James Frankland®; Becky Rhead® Ole Mark, Ph.D., Dr.Techn.”: Matthew J. Wade, Ph.D.%
and lan Guymer, Ph.D., CEng.®

Abstract: There has been a recent increase of interest in sewer network water quality, both for pollutants and wastewater epidemiology.
Of particular interest is the ability to perform cost-effective small-scale monitoring to understand the sewer network and perform source
localization (the process of identifying the sources of materials of interest within the network), enabling prioritization of combined sewer
overflow (CSO) interventions and targeted response to the detection of infectious diseases. Rhodamine WT fluorescent dye tracing was
carried out in the combined sewer networks of four UK cities, for which network geometries were available. Over 100 dye concentration
profiles were recorded, from which discharge, travel time (velocity), and dispersion were quantified. A simplified hydraulic and water quality
(conservative solute transport) modeling approach was used to investigate dispersion further. A theoretical method for calculating dispersion
over a reach with nonuniform properties was derived and used with the models and recorded data to develop a method for estimating the
dispersion coefficient in sewers. Novel simultaneous injections into multiple manholes within one sewer network were conducted. Modeling
of these injections validated the modeling approach and explained the measured concentration profiles, demonstrating both the potential of
hydraulic and solute transport modeling and the new dispersion coefficient predictor for source localization. Such modeling can be used to
develop sewer network “fingerprints” and source location probability plots based on residence time distribution (RTD) theory to maximize

information from limited water quality monitoring. This will aid managers and operators in identifying potential intermittent sources of

material within the network. DOI: 10.106 1/ JOEEDU.EEEN G-7134. This work is made available under the terms of the Creative Commons
Attribution 4.0 International license, https:ereativecommons.org/licenses/by/4.0/.

Author keywords: Water quality; Sewers: Mixing: Tracing: Solute transport; Longitudinal dispersion: Pollutants: Source localization.
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(2023). Quantifying mixing in sewer
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