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We breathe a lot of indoor air.

Air quality is indoor as well as ambient

Buildings matter



1: We breathe a lot of indoor air.

What do we know?



We spend about 65-75% of time in our homes and 
about 80-90% of our time indoors

Indoor occupancy varies with point in life course and 
occupation.



1: We breathe a lot of indoor air.

How do we know?



1: We breathe a lot of indoor air.

How do we know?

Comprehensive survey in USA in 2001

2018 update on earlier work by Denman et al. 2000)

Home occupancy levels for managing Radon exposure risks
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Denman, A. R., Gulliver, J., Kennedy, C. A., Briggs, D., & Phillips, P. S. 
(2000, May). The impact of occupancy patterns on the assessment of the 
value of domestic radon remediation programmes in the UK. 
In Proceedings of the 10th international congress of the international 
radiation protection association (pp. 166-167).

College students in Northampton
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1: We breathe indoor air a lot.

Life stage and occupation 
determines what type of air 

you breath

ONS



We spend about 65-75% of time in our homes and about 80-90% 
of our time indoors

Indoor occupancy varies with point in life course and occupation.

Sources
(indoor, 

outdoor)
Pathway

(indoor air)

Receptor (i.e. us)



Air quality is indoor as well as ambient

Domestic indoor sources:
PM: cooking, oxidation of VOCs, smoking, 

mould spores
VOCs: personal care products, cleaning, 

scents, and air fresheners, cooking, 
bioefluents, solvent use, materials

NOx: combustion for space heating, 
cooking and hot water

Ambient sources: 
(we all know these!)
PM: secondary aerosol, combustion, 
transport, industry, agriculture
VOCs: industry, transport
NOx: combustion



Air quality is indoor as well as ambient

The interaction of the 
“ingredients of indoor air 

is not well studied, 
especially in realistic 

environments. 



Air quality is indoor as well as ambient

Domestic exposure to PM is a significant proportion of exposure for certain 
people.

E.g. Work by Isiugo and 
others in 2019

Reduction in lung 
function in children 
associated with indoor 
not outdoor PM

https://doi.org/10.1016/j.scitotenv.20
19.01.309

https://doi.org/10.1016/j.scitotenv.2019.01.309


Air quality is indoor as well as ambient

Domestic exposure to NOx is correlated with use of gas for 
cooking and heating.

AND

Ambient NOx is a significant factor in indoor NOx 
concentrations



Air quality is indoor as well as ambient
For example:

Environment International 2018
https://doi.org/10.1016/j.envint.2019.05.081

Environmental Health Perspectives
https://doi.org/10.1289/ehp.1306673

In general indoor NO2 is approximately 
half the ambient concentration, unless 
there is indoor source, e.g. gas central 

heating or cooking.

In the presence of gas for cooking is 
associated with significant increases of 
NO2 indoors leading to indoor/outdoor 
ratios of one-to-two compared with 0.5 

for building without indoor sources.

https://doi.org/10.1016/j.envint.2019.05.081
https://doi.org/10.1289/ehp.1306673


Air quality is indoor as well as ambient

Domestic exposure to PM is a significant proportion of exposure for certain 
people.

Domestic exposure to NOx is correlated strongly with use of gas for cooking 
and heating.

Ambient NOx is a significant factor in indoor NOx concentrations

VOC concentration can be an order of magnitude higher indoors v. ambient.

Issues such as damp, moulds, carbon monoxide, and radon are still serious 
issues needing management



Buildings matter
Retrofit needed to achieve 

carbon targets.
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Buildings matter
Ventilation rate strongly controls indoor 

environmental performance.

Increasing building tightness will lead to deterioration 
of the indoor environment unless mechanical means 

of ventilation are installed.

Mechanical ventilation systems are often badly 
installed or incorrectly used.

Occupant behaviour varies widely.



Buildings matter

Source: NIOSH



Buildings matter Eliminate/substitute sources of emissions: 

Natural gas to electric/heat pumps. 
(hydrogen…more NOx?)
Low VOC products, reduce use of air 
fresheners, low-VOC cleaning products.

Engineering: Fit correctly and maintain 
MVHR, dMEV, well-design cooker ventilation 
systems. Separate kitchens from living areas. 

Legislation and checks on retrofit, new home, 
schools, public building placement.



The indoor environment is an important contributor to human exposure to 
airborne pollutants.

Intensity of indoor sources of pollution will change as we begin moving toward 
efficient new-build, retro-fit, fuel-use change, mechanical ventilation.

Addressing harms must involve:

buildings engineering/architects, planning and home building (volume home 
builders, institutional landlords, planners, regulators and en, environmental 

scientists
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We breathe a lot of indoor air.

Air quality is indoor as well as ambient

Buildings matter



Current work at Chester

DOMESTIC Facility (2019 – current)

A micro-building for studying the effects of indoor activity 
and building technology on energy efficiency and indoor 
environment and developing technology for managing 
indoor environments.

EPSRC-funded Impacts of Cooking and 
Cleaning on indoor air: Healthy buildings 
for the future. (2020-2022)

£1.1M project lead by Prof. Nic Carslaw at University of 
York with Nottingham (Ben Jones) and Chester (Gavin 
Phillips)



Recommended reading

NICE Guidance on Indoor Air Quality at Home
https://www.nice.org.uk/guidance/ng149

Inside Story: Health effects of indoor air quality on children and young 
people
https://www.rcpch.ac.uk/resources/inside-story-health-effects-indoor-air-
quality-children-young-people

https://www.nice.org.uk/guidance/ng149
https://www.rcpch.ac.uk/resources/inside-story-health-effects-indoor-air-quality-children-young-people

