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Key messages

* Poor indoor air quality (IAQ) can present significant risks to
health.

e Cooking can release harmful pollutants inside our homes,
leading to a deterioration in 1AQ.

e Emissions from cleaning products used in bathrooms and
kitchens can also lead to a deterioration in IAQ.

» Different pollutants can mix in the air within our homes, creating
further deterioration of 1AQ.

 Better labelling standards for cleaning products, ensuring
kitchen extractor fans are effective, and encouraging people to
open windows when cooking and cleaning, can all help reduce
risks from poor IAQ.

e The interdisciplinary INGENIOUS project has highlighted new
potential risks to health from poor IAQ and explored new ways
to reduce those risks by changing behaviour and improving
regulation.

Introduction

Air pollution is a critical environmental threat to public health in
the UK. It is the second leading cause of death for children under
five, both globally and in the UK. Despite adults in the UK spending
an average of 80-90% of their time indoors, indoor air quality (IAQ)
has not received the same level of attention as outdoor air quality.

Outdoor air pollutants can infiltrate buildings, significantly
impacting indoor air quality, including when buildings are on busy
roads. Additional diverse indoor sources, including cooking,
cleaning, and building materials, can further deteriorate IAQ. As
homes become better insulated to meet the UK's Net Zero targets,
outdoor pollutants have a smaller influence on the indoor
environment, but there is an increased risk that pollutants from
indoor activities become trapped inside, significantly elevating
indoor concentrations.
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Understanding air pollution in homes

To tackle indoor air pollution, we need to improve ventilation and reduce emissions.
Ventilation can be improved through behavioural changes, which require raising awareness
about the risks from poor IAQ and actions that can be taken. For example, opening the window
right after a shower reduces moisture levels in households, and using an extractor fan while
cooking reduces pollutant concentrations and their distribution around the house.

Alternatively, implementing “purge” ventilation (opening windows and doors for a few minutes
each day, avoiding rush hour in locations near heavy traffic) does not significantly affect
thermal comfort and reduces pollutant concentrations. Such behavioural changes can help
reduce the impact of emissions indoors.

This brief outlines recommendations for improving IAQ in residential and public buildings. It
draws on research by INGENIOUS, a multidisciplinary project involving experts from the
Universities of York, Cambridge, Manchester, and Sheffield, the Stockholm Environment
Institute, and the Born in Bradford research programme.

Sources of indoor air pollution in homes

Several factors contribute to the
accumulation of pollutants in homes.
First, pollutants can enter from the
outdoors. Second, pollutants may be ‘off-
gassed’ (released) from materials in the
house (such as carpets and sofas).
These emissions are greatest when the
materials are new and reduce over time.
Finally, pollutants are released from m J J \ l
activities inside the home, such as - s F

cooking, cleaning, and personal care ) ',"G.E”'?us an on'
(such as deodorants, perfume, etc).

Pollutant concentrations from these indoor activities vary considerably depending on the
frequency and nature of the different activities.

Cooking is a significant source of indoor air pollutants, but proper ventilation, primarily through
local extraction, can reduce exposure to these pollutants. According to our INGENIOUS
research, frying and grilling generally produce more particulate matter pollution than other
types of cooking!"!. These pollutants can accumulate over time, especially in smaller kitchens,
and spread to other areas of a building. Ventilating during and after cooking by opening
windows/external doors or using extractor fans/cooker hoods helps to remove pollutants
produced during cooking. Extraction removes contaminated air from the room and expels it
outside via ducts in the wall, and is more effective than a recirculation fan, which pulls air into
the hood, filters it, and returns it to the room.

} } > > [1] Carslaw, N., Aghaji, J., Budisulistiorini, S. H., Carslaw, D. C., Chatzidiakou, L., Cheung, R. W,, Dillon, T. J., Edwards, P., Genes, D., Giorio, C., Hamilton,
} } } J.F, lkeda, E., Jones, R. L., Lee, J,, Lewis, A. C., Kumar, A, McEachan, R.,, McFiggans, G., Murrels, T, ... Yang, T. (2025). The INGENIOUS Project:
Towards understanding air pollution in homes. Environmental Science Processes & Impacts. https://doi.org/10.1039/d4em00634h
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Our research has also shown that many consumer products, including sprays, disinfectants,
and air fresheners, emit volatile organic compounds (VOCs) that negatively impact IAQ and
can linger in the air. Ensuring proper ventilation during and after their use can mitigate these
effects.

When ventilating, both indoor and outdoor pollution sources should be considered. For homes
near busy roads, timing ventilation so it does not coincide with rush hour traffic is essential.
Observations from the INGENIOUS project reveal that for many air pollutants, indoor activities
can generate far higher concentrations indoors than outdoors. Hence, our recommendation is
to target ventilation during specific indoor activities such as cooking and cleaning, and to
avoid such activities during periods of heavy traffic.

Recommendations

Our research has highlighted an urgent need for improved IAQ in UK homes. The table below
summarises key areas requiring further scientific investigation, along with policy and practice
implications.

No Findings and Evidence Recommendation Audience

National IAQ guidelines

are crucial to protect the Establish national guidelines to strengthen
1 public and to reduce IAQ standards for public and private Government
indoor air pollutant spaces.

concentrations.

Continue to reduce sources of outdoor air

Outdoor air influences
pollutants, e.qg.

indoor air, especially

2 . through vehicle electrification and Government
adjacent to busy roads. .
decarbonisation of homes.
. . e Encourage adequate ventilation
Indoor cooking, especially . . :
frving. can produce behaviours when cooking. -Public
Y g,_ > e Landlords should install and oversee -Cooker
potentially harmful . . .
3 maintenance of functional extractor suppliers and
pollutants. . . .
fans that extract indoor air outdoors installers
rather than recirculate it. -Landlords
bbb www.ingenious.york.ac.uk
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No Findings and Evidence Recommendation Audience
The absence of guidelines for . .
g  Inspired by the food industry,
personal and household care . - .
implement a traffic light labelling
products allows for . L
i system for high-emission products
unknown quantities and . .
e : to inform consumer choice.
composition of air pollutants .
. e Create a standardised platform for
indoors. . .
developing indoor pollutant emission
4 . . inventories, testing new products and
Product labelling often fails . . 'g > Government
. : . identifying pollution sources.
to disclose all ingredients or ; . . :
. e Establish regulations regarding using
consider the subsequent
. . . fragranced products, candles,
reactions of the ingredients . . . .
diffusers, and incense in spaces with
that can create secondary .
vulnerable populations, such as
pollutants.
schools and care homes.
Research indicates that
elevated carbon dioxide . . .
. Recommend sleeping with a window open .
levels are common in . . : -Public
e where possible, or to avoid closing
5 bedrooms at nighttime and L -Researchers
bedroom doors at nighttime.
these have been shown to
negatively impact sleep
quality.
Fuel poverty hampers proper - :
‘p . y Pers prop Implement subsidised heating programs to
ventilation due to the costs of :
. ensure that low-income households can
heating and access to . - .
6 maintain adequate ventilation without
cleaner energy. .. o .
compromising their ability to heat their Government
homes effectively
Higher occupancy levels in a
- household are associated To be aware that such households may -Public
with increased particulate need additional ventilation measures. -Landlords
matter and VOC levels.
Some local businesses emit For businesses like beauty salons and
air pollution which can be restaurants, implementing source
g detected outdoors, such as reduction strategies and considering -Government
garages, and restaurants. appropriate ventilation strategies are -Businesses
essential.
bbb www.ingenious.york.ac.uk
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About INGENIOUS

INGENIOUS is a four-year multi-university research collaboration led by Nicola Carslaw at the University
of York. It investigates indoor air quality. Its goal is to understand the sources, transformations, and
fates of indoor air pollutants and develop practical interventions to improve indoor air quality and
protect public health.

The INGENIOUS project is funded by UK Research and Innovation (UKRI).
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