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Who we are - Environmental Monitoring for Health 
Protection (EMHP) 

• Part of UKHSA’s Data, Analytics and Surveillance (DAS) directorate

• Created as part of a pandemic surveillance capability in response to the COVID-19 pandemic
• First established in June 2020​. 
• At peak, surveillance monitoring of over 70% of the population of England

• collecting wastewater samples

• testing and genomic sequencing - presence of COVID-19 and variants of concern (VOCs)/variants under 
investigation (VUIs) 

• From sewage treatment works, and network sites (significant points in the sewage network that serve 
‘communities’) and ‘near source’ (e.g. specific locations such as care homes or food processing plants,) 

• Insights used by wide range of stakeholders to inform national and local health protection 
decisions in unison with other surveillance data, such as where to undertake further testing

• Continues to be used in local and closed source settings
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History: John Snow, 
Cholera and data

• 1854 London cholera 
outbreak

• A doctor named John Snow 
decides to map cholera cases

• The map was used to trace 
the cholera outbreak to a 
single pump at Broad Street

• Poor sanitation had resulted 
in the contamination of the 
groundwater

• The beginning of 
Epidemiology (how often 
disease occurs and why)

The John Snow Society

https://johnsnowsociety.org/


The EMHP wastewater 
monitoring programme

December 2019

SARS-CoV-2, the novel coronavirus which 
causes the COVID-19 disease and pandemic, 
is thought to have emerged in Wuhan, China

February-March 2020

Fragments of SARS-CoV-2 virus detected in 
wastewater samples

COVID-19 wastewater monitoring research 
projects started

Retrospective analysis of wastewater 
samples suggests COVID-19 spread in 

countries earlier than seen with clinical 
testing (e.g., in Italy and Brazil as early as 

November-December 2019)



The EMHP wastewater 
monitoring programme

July 2020

Wastewater monitoring at 44 sewage 
treatment works began, covering ~30% of 
the population in England

November - December 2020

Network sites (in sewer locations) added at 
9 large cities across England to monitor 

SARS-CoV-2 at a higher population 
resolution

January 2021

Sequencing of extracted RNA from 
wastewater begins to be used to identify 

and monitor variants and subvariants of the 
disease as it evolves



The EMHP wastewater 
monitoring programme

March 2022

Wastewater surveillance paused as part of 
HMG's 'Living with Covid' policy

April 2022 to date

Discrete HMG and local government funded 
surveillance undertaken whist the 
programme develops longer-term 

sustainable strategy

Spring/summer 2022

Detection of Poliovirus in wastewater 
leading to policy change offering 1m 

children (1-9 years) being offered Polio 
vaccine and surveillance extended

January 2021 – March 2022

Wastewater monitoring to quantify and 
qualify SARS-CoV-2 and its variants was 
scaled to cover ~72% of England’s 
population. Datasets were published 
monthly on Gov.UK.



Wastewater Surveillance – Variants

• Whole genome sequencing of wastewater samples followed 
by identification of signature mutations allows for spatiotemporal 
identification of SARS-CoV-2 Variants of Concern and Variants 
Under Investigation (VOC/VUIs)

• Surveillance Programme in England from January 2021 to 
March 2022 identified signature mutations of the successive wave of 
variants (from Alpha to Omicron) in wastewater samples

• Sequencing capacity and analysis reached ~2,000 samples a week 
in collaboration with Universities and other Government agencies

• Up to 3 samples were collected and sequenced from about 470 sites 
across England every week

• Results were used, in conjunction with clinical testing, in national 
surveillance of VOC/VUIs and informed local management of 
outbreaks
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Public Health

• Wastewater monitoring is considered a 
valuable tool, which can fill gaps in other 
public health surveillance systems

• As part of the UK’s commitment to the 
WHO Global Polio Eradication Initiative, 
routine sewage surveillance for wild type 
and vaccine-like polio viruses is 
undertaken. 

• Poliovirus is difficult to detect by clinical 
testing as most cases are asymptomatic 
and the main symptom (flaccid paralysis) 
is not specific

https://polioeradication.org/who-we-are/strategic-plan-2013-2018/surveillance/


Poliovirus detection
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• Vaccine-like type-2 poliovirus (PV2) isolates were found in 
sewage samples collected from a London sewage 
treatment works in February 2022

• This is unusual as all PV2 isolates identified since then 
are genetically related to each other.

• There are indications of person-to-person community 
transmission of poliovirus

• The level of PV2 found and the high genetic diversity 
among the isolates suggests there is virus transmission in 
5 boroughs and possibly surrounding areas

• Public health notices and actions were taken as a 
response to the wastewater analysis in conjunction with 
population vaccination and risk analyses

• Surveillance is expanding to a range of areas outside of 
the capital



The sewer network and sampling

Samples taken at site(s) selected to 
provide adequate coverage of 

population

Wastewater (including blackwater, 
greywater and rainwater) discharged to 

sewer system

Option of 
composite or grab 

sampling

near 
source 

site

in-network 
site

STW 
influent



It all starts with a good sample
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• WBE relies on good quality and consistent 
sampling

• A thorough monitoring design allows for correct 
sampling locations and methods to be implemented  
and ensure samples best represent the population

• When sampled correctly, WBE provides the 
possibility of a strong correspondence with the 
actual infection numbers

• When sampled poorly there is potential to miss 
valuable information and provide incorrect data



Example of sampling strategies
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• Sample at inlet, after screen, but before grit chamber
• 24-hour composite sample collected with autosamplers where possible
• If not possible, then grab sample during peak flow
• Care needed to avoid cross-contamination of sample with tanker discharge
• Four days a week; Monday, Wednesday, Friday and Sunday
• Store samples below 4°C

• Manholes within sewer network
• City sites with smaller population catchments
• Generally, grab samples during peak flow (7-9 am) due to access constraints 

on autosamplers
• Sampling method needs to follow Sampling Protocol to for consistency
• Four days a week; Tuesday, Wednesday, Thursday and Saturday
• Store samples below 4°C

Sewage 
treatment 
works

Network 
sites



Research: Working with Academia and Industry to 
improve insights
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Collect

Extract 

& test

Data 

analysis

Sequence

Bioinformatics 

analysis

Report & 

learn

• Beyond COVID, rapid pathogen detection in a high 
throughput lab (< 4d) Influenza A/B, norovirus, 
respiratory syncytial virus, enterovirus D68, SARS

1. Winter readiness (Beyond 
COVID pathogen detection)

• Using chemical markers to quantify infection population 
(< 3d, WWTP or network sourced)2. Chemical markers of population

• Bioinformatic tools and sequencing data to identify 
emerging mutations that may indicate novel variants.

3. Identifying clusters of SARS-
CoV-2 mutations

• Optimising COVID detection in a high throughput 
environment (< 4d SARS, < 7d variants)

4. Process improvements: 
optimised detection method in a 
high throughput environment

• Enable easier and more cost-effective transportation of 
wastewater samples to support sampling in remote 
areas/internationally.

5. WWA process improvements: 
No chill solutions

• Early sensor technologies for virus, bacteria and fungi 
detection, which can be integrated at WWTP.6. Post-pandemic sensors

• Intelligent samplers for wastewater applications.7. Smart sampler use

• Design work for border surveillance system at ports, 
airports, and travel hubs to provide origin destination 
predictive modelling.

8. Borders



Moving forward

Environmental monitoring of 

wastewater can be used to detect:

toxic substances in the environment, such as 

industrial substances, like mercury

pharmaceutical use at the population 

level, for instance antidepressants and 

antibiotics

infectious agents, like bacteria and viruses

Wastewater treatment plants

Collection from an urban sewer

Photo Credit: Arnold Jerocki/Getty (top), Getty (bottom)



Publishing our work
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We publish both the data 
generated from wastewater 
monitoring and our findings 
from the work conducted in 
collaboration across HMG 
agencies and with 
academia, industry, and 
international partners



In the media
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Thank You
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Any questions?


