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The
Power of

Wastewater 



What is Wastewater-based Epidemiology?

The COVID-19 pandemic has 
reminded us of 
the importance and impact of 
public health. 

Through monitoring 
biomarkers, found in 
sewage, wastewater-based 
epidemiology (WBE) can 
give an indication of human 
health. 

Background



Data from Wastewater



WBE to proactively manage 
public health

Wastewater monitoring can help identify hotspots/ 
outbreaks

Target areas for interventions and minimize 
impacts on other areas

Feed into data led health policy 

Data to insights



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… 



What is 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



How did we go about it?
1. Work with great partners! 

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



Application
As part of our field work, simultaneous 
injections were carried
4 injection locations
4 monitoring locations
One peak observed at Manhole 4
But…

3 km at its longest, geometry 
provided by an InfoWorks model

Manhole 1

1 2 3

4?



Application

The model also only 
predicts 3 peaks!

Disaggregated 
model output



Source localisation
Working out injection location from monitored result
Most existing research focuses on sensor placement
Other approaches focus on matching measured and
modelled spread of profiles
Instead, let’s treat each downstream profile as a Residence Time 
Distribution (RTD)
Each RTD describes the unique
response between an injection
and monitoring location
The RTDs of a network can be thought of
as similar to the ridges in a fingerprint…



Network response
RTDs can be convolved with an input to predict 
a response
Let us assume an activity profile
• E.g., more network use around lunch
Once convolved, we see a downstream 
prediction with timing related to activity
• Exact concentrations are challenging and in 

practice the material is all mixed together
We can normalise by the amount of material 
predicted to estimate probability of source 
location



Impact of sampling time

3%

29%

30% 38%

5%

5% 1%

89%

• Importance of consistent sampling
• Existence of optimal sampling times?



Wider 
Applications



Sewage is polluting our waterways

Problem statement:
Wastewater pollution of waterways is getting 
increased attention and water utilities are under 
pressure to reduce pollution events.

Current approaches/solutions:
• Increase Capacity 

• Expand or replace infrastructure
• Separate sewers 

• Generalised catchment solutions/ pilot 
schemes
• E.g. SUDs schemes (driven by available 

space/ potential benefits/ single design 
simulation)



3. 
Wastewater 

quality

5. 
Select 

intervention
4. Target 

interventions
2. 

Track source

1. 
CSO 

frequency

Analyse CSO 
frequency
Identify high frequency 
spill time

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

Analyse domestic 
wastewater quality
Identify probable water 
quality of the high 
frequency spill

Target interventions
Prioritise interventions 
based on spill frequency 
and quality

Interventions 
include:
• Stormwater removal
• Incentivise water-

saving technology
• Targeted 

communications
• Infrastructure 

upgrade



CSO
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When is the sewer overflowing?
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Water Quality 
Indicator
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Toilet Shower Kitchen

Laundry Stormwater

Explore catchment water source
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3. 
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4. Target 
interventions
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Track source

1. 
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Target interventions to problem areas 
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Select appropriate intervention

3. 
Wastewater 

quality

5. 
Select 

intervention

4. Target 
interventions

2. 
Track source

1. 
CSO 

frequency
Incentivised technology 
schemes

Targeted public 
engagement

Infrastructure upgrade

Incentivised rainwater 
harvesting

Sustainable Urban 
Drainage

Incentivised technology 
schemes/ SMART tariffs

Greywater reuse

Targeted public 
engagement

Infrastructure upgrade



Want to
Read More?



Outputs
Paper
Sonnenwald, F., Shuttleworth, J., Bailey, 
O., Williams, M., Frankland, J., Rhead, 
B., Mark, O., Wade, M.J., Guymer, I. 
(2023). Quantifying mixing in sewer 
networks for source localization, ASCE 
Journal of Environmental Engineering. 
10.1061/JOEEDU.EEENG-7134.

Dataset
Guymer, I., Shuttleworth, J., Bailey, O., 
Williams, M., Frankland, J., Rhead, B., 
Mark, O., Wade, M.J., Sonnenwald, F., 
(2022). Fluorescent dye traces in four 
UK sewer networks. The University of 
Sheffield. 10.15131/shef.data.20480241
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