
Towards understanding air pollution in homes: the INGENIOUS project 

Nic Carslaw (and the INGENIOUS Team)

• Introduction: summary of indoor pollutant concentrations (Nic)
• Focus on under heating and mould (Lia)

• Focus on health inequalities (Tiffany)



Aims

The overarching aims of INGENIOUS are to:
• Undertake first comprehensive mapping of main sources, transformations and fate of air pollutants in UK 

homes 
• Identify inequalities in exposure and the consequent impacts on health amongst diverse populations
• Identify the physical, social and behavioural factors that control pollutant distribution
• Co-design novel, scalable interventions to improve air quality and health. 
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Highlights so far…

• Providing a significant body of data towards an indoor emissions inventory

• To successfully complete IAQ measurements in more than 300 homes in Bradford which showed:
• Wide variability in indoor concentrations between houses: behaviour is key

• High PM2.5 concentrations in kitchens, >>WHO guidelines

• High CO2 in bedrooms at nighttime

• Evidence of under heating below WHO guidelines for health indicating fuel poverty

• Providing evidence that most deprived families are subject to much higher PM2.5 than least deprived

www.ingenious.york.ac.uk  

http://www.ingenious.york.ac.uk/


Cooking emissions

Average air change rate: 0.73 h-1 



Cooking emissions: health effects?

• Cooking formaldehyde up to 12 ppb > background:
• higher than reference concentration (7 μg m−3/5.7 ppb) for sensory irritation 

from US EPA
• higher than 8 hour reference exposure levels (9 μg m−3/7.3 ppb) for non-

cancerous impacts from the California OEHHA

• Average cooking acetaldehyde 0.028–0.090 mg m−3, exceeding the IARC 
prescribed limit by a factor of 9–30. 

• Exceedances are for a short duration: reference values are established for a 
constant exposure over a prolonged period of time. 

• Implications for those who work in professional kitchens

• Many other species emitted for which we have no health data at presentCooking
Not cooking



Low Cost Sensor data summary from 310 homes in Bradford

• Variability between houses > seasons
• Internal T often low
• Indoor PM2.5, CO2 can be high

Lia Chatzidiakou, Dave Shaw, University of York



CO2 < 1000 ppm 

1000 < CO2 < 2000 ppm 

2000 < CO2 < 3000 ppm 

3000 < CO2 < 4000 ppm 

CO2 > 4000 ppm 
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Lia Chatzidiakou, University of 
York

Distribution of bedroom night-time CO2 concentrations

• > 1000 ppm 60 % of the time 
• > 2000 ppm 20% of the time 



• Concentrations in bedrooms often exceed those known to affect 
cognitive performance

• CO2 is likely an indicator for high concentrations of other 
pollutants, so for inadequate ventilation in general

• Given many children spend significant time in their rooms, could 
be having an impact

Impact on cognitive performance



Indoor and outdoor PM2.5

• Indoor PM2.5 follows outdoor concentrations in the absence of occupant activities
• High concentrations driven by occupants, mainly cooking
• Drive to reducing indoor PM (mean~20 µg/m3) might be a more economic means to reduce exposure than efforts 

to lower outdoor concentrations (mean~10 µg/m3)

Lia Chatzidiakou, University of 
York



Detecting indoor emissions outdoors?

• New approach developed to highlight influence of sources taking account of their density and dispersion

• The source factor used to test the strength of the relationship between a measured VOC concentration with a factor 
representing approximate source influence

• Species such as acetone are most strongly related to sources such as beauty salons

Budisulistiorini, S.H., Moore, T.C., Shaw, M.D., Drysdale, W.S., Lee, J.D.and D.C. 
Carslaw (2025). Linking Indoor Commercial Source Emissions to Outdoor Volatile 
Organic Compounds Using Mobile Measurements, ES&T Air, submitted.



Underheating, a serious harm to health
~ 10 % of households 
reported fuel poverty

~ 30 % of households below 
recommended temperatures

It is currently estimated that 
cold and damp homes cost the 
NHS £1.4 billion annually



Underheating, a serious harm to health
~ 10 % of households 
reported fuel poverty

~ 30 % of households below 
recommended temperatures

It is currently estimated that 
cold and damp homes cost the 
NHS £1.4 billion annually

Undeheating particularly harmful on 
cardiovascular function of hypertensive 
individuals (results from AIRLESS study)



Mould growth 
(self-reported) 

Mould growth is primarily 
driven by water activity (RH on 
surfaces) and has significant 
health impacts

Reduced 
ventilation 
exacerbates 
the problem 

Adult bedroom Child’s bedroom Bathroom

Other Living room Kitchen Basement



Mould prediction (microbial model)







Watch this space…


























