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UK transdisciplinary network led by 
Cranfield University (including four 
universities, UKHSA, Dstl and 15 
partners) to understand the complexity 
and connectivity among people, 
biological particulate matter (BioPM) 
exposure and health impacts
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UK-wide Clean Air network, led by the 
University of Birmingham in 
collaboration with nine universities and 
over 20 cross-sector partners to 
optimise the air quality and health 
outcomes of transport decarbonisation
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Top-level briefing

3x Perspectives

Open discussion



Vrijheid, 2014, Thorax, 876-878
He et al., 2021. Environ Geochem Health

Chemical aerosol Biological aerosol

Exposome concept 
The totality of exposure individuals experience over their lives and how those exposures affect health

However contribution of aerosols of biological origin is often overlooked 



What are aerosols of biological origins (bioaerosols)?

Fröhlich-Nowoisky et al. 2016. Environ Geochem Health

Protein Virus Bacteria Spores Pollen



Kathiriya et al., 2021. Env. Technol. Innovation, 101287

Overview of symptoms and conditions linked with bioaerosols



Chemical and Biological aerosol particles – why size matters?

https://www.visualcapitalist.com/
Bioaerosols <1 µm within and 
beyond 1 m can float in air for 

hours  



COVID-19 
pandemic 

re-emphasizing 
the importance 
of considering 
both chemical 
and biological 
aerosols and 

how those affect 
health

https://airqualitynews.com/



Public space & public transport/infrastructure - vital role

Transport 
environments 

and Public 
health

Transient 
environments 

– indoor-
outdoor 

continuum Diverse 
sources and 
entry routes 
for aerosols

Diverse 
temperatures, 
humidity, and  

aerosols 

Diverse 
population 
occupancy 

profiles

Varied 
exposure 
patterns

Overcrowding 
enclosed 
spaces

Control 
interventions 

needs



In street canyons

Spaces trapping air (in principle) present greater risks (1 of 2) 

Indoors In vehicles

Trapping of air  → Accumulation of bio. and chem. aerosols* → Higher exposure  

Below canopies



In street canyonsBelow canopiesIndoors In vehicles

Trapping of air  → Accumulation of bio. and chem. aerosols* → Higher exposure

*Need to think about indoor & outdoor sources

Spaces trapping air (in principle) present greater risks (2 of 2) 



In street canyons
Avoid building street canyons

Below canopies
Remove the canopies

Increasing ventilation (generally) reduces risks

Indoors
Improve 

ventilation

In vehicles
Add ventilation

& filtration?

Ventilation  → Reduced accumulation of aerosols  → Reduced exposure  



But we can do much more: Reduce, Extend, Protect*
*First Steps in Air Quality for Built Environment Practitioners, Ferranti et al. (2019)

Sources People
Pathways

Engineering

Behaviour 
change

Personal
controls

What else?

1. Reduce sources (i.e., reduce emissions)
2. Extend pathways (i.e., separate people from sources)
3. Protect people (particularly the most vulnerable)
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Concerns following COVID
1) Customer Confidence

2) Customer and Colleague Safety

3) Company Finances (Cap Ex and Patronage)

4) Increase in Car Traffic



Customer Confidence
• Consistent negative government messaging not supported by evidence – no 

evidence that using buses is any less safe than other public settings. Project ‘TRACK’ 

initiated by DfT to conclude by March 2022

• Obtained ‘We’re Good to Go’ accreditation from Visit Britain…but does it make a 

difference?

• Wearing of Face Coverings – has varied throughout pandemic depending on 

government messaging, but has been as high as near 100%



Customer and Colleague Safety
• Enhanced Cleaning initially but special anti-microbial surface treatments latterly – all 

adding to our costs

• Fitment of COVID screens on all vehicles to provide a barrier between customer and 

driver.

• Issuing of PPE to colleagues – wipes, masks, gloves and sanitiser

• Devices fitted to all vehicle windows to ensure adequate ventilation on vehicles 

without it being too cold – TfL statistic that air is replaced 20 times an hour with 

windows open but 3 times an hour with windows closed.



Company Finances



…We had grown patronage across our 
businesses to 73% of pre-COVID levels



Company Finances
• Patronage entirely influenced by government messaging

• Patronage reduced to 6% of normal at height of first lockdown, only recovered to 

73% of normal before ‘Plan B’ introduced in December 2021

• Coronavirus Bus Service Support Grant (CBSSG) given up until 31 August 2021 –

bridged gap between revenue and costs but no profit allowed – not sustainable for 

a commercial enterprise

• Bus Recovery Grant paid since 1 September 2021 – blended rate that depends on 

mileage operated and recovery rate (assumes circa 80 to 85%) and profit allowed.

• No funds to invest in buses and other cap-ex



Increase In Car Traffic



Increase In Car Traffic 
• Concern about travelling on Public Transport leading to more people travelling by 

car

• Main car park in Oxford since the end of lockdown one has returned to 99% of 

normal whilst Park and Ride has never got above 60%

• Short term car parking costs need to be increased as ‘browsing’ has gone due to it 

not being a pleasurable experience. Not competitive against P&R

• EEH study concluded that if working from home 2 days a week on average, peak 

traffic should reduce by 10 to 12%. This hasn’t happened so must conclude a switch 

from public transport to car – not good for environment.
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Open discussion



Workshop Discussion

• What are the knowledge gaps regarding the role of public transport micro-
environments in influencing chemical and biological aerosol exposures?

• Which existing practices in design, construction, use and management of 
these environments could be modified to reduce citizen exposure? 

• What research should be undertaken with industry/public sector partners 
to address these knowledge gaps? 

The way we design, construct, operate, manage and behave inside different 
transport environments can influence exposure to chemical and biological aerosols 
as well as creating new exposure pathways.

• How could this topic knowledge be communicated to public transport 
users/the wider general public? 



Workshop Outputs and Next Steps 
Planned Outputs: 
- Statement of industry needs and opportunities
- Academic scoping paper 
- Feedback to UK Clean Air Programme 

Forthcoming Events:
- TRANSITION Discovery & Innovation Summit (Online)  |  10 February 2022 | 14:00-16:30

Showcasing findings from TRANSITION-funded Clean Air Research projects:
• Measuring Exposure in Different Transport Modes
• Characterising Changing Travel Patterns in the COVID-19 Era 
• Progressing Real-Time Source Identification
• Minimising Public Exposure at the Roadside
Register at www.transition-air.org.uk/events/summit2022

- BioAirNet Research/Industry Placement Awards
Spend time with a UK-based academic or industrial partner organisation
for the accumulation of new knowledge, skills or training

- BioAirNet Travel Bursaries – More info at www.bioairnet.co.uk/funding
Attend and travel to/from national and international events and meetings 

Follow network activities on Twitter: @BioAirNet @TRANSITION_Air

http://www.transition-air.org.uk/events/summit2022
http://www.bioairnet.co.uk/funding
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