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Indoor air – Health effects
Exposure to indoor air pollutants, 
chemicals and biological 
contamination is associated with
 respiratory system 
 nervous system 
 cardiovascular system
 carcinogenicity 
 respiratory irritation

RCPCH (2020)          NICE (2020)          WHO (2021)
RCPCH (2020) https://www.rcpch.ac.uk/sites/default/files/2020-
01/the-inside-story-report_january-2020.pdf
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VOCs in European homes 

 65 individual VOCs 

 Most commonly measured and health 
relevant VOCs in European homes (incl. 
UK) are: 

• aromatic hydrocarbons (14 
chemicals) 

• alkanes (9) 
• aldehydes (8) 
• aliphatic hydrocarbons (5) 
• terpenes (6) 
• chlorinated hydrocarbons (4) 
• glycol and glycol ethers (3) 
• esters (2) 
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VOCs in European homes (Halios et al., 2022) 

Halios CH, Landeg-Cox, Lowther SD, Middleton A., Marczylo T, Dimitroulopoulou S. (2022). Chemicals in European Residences – Part I: a 
review of emissions, concentrations, and health effects of Volatile Organic Compounds (VOCs). Science of the Total Environment, 156201 
https://doi.org/10.1016/j.scitotenv.2022.156201

https://doi.org/10.1016/j.scitotenv.2022.156201
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Halios CH, Landeg-Cox, Lowther SD, Middleton A., Marczylo T, Dimitroulopoulou S. (2022). Chemicals in European Residences – Part I: a 
review of emissions, concentrations, and health effects of Volatile Organic Compounds (VOCs). Science of the Total Environment, 156201 
https://doi.org/10.1016/j.scitotenv.2022.156201

https://doi.org/10.1016/j.scitotenv.2022.156201
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Product  function  Emission factor  

burning candles * (both 
scented and unscented) 

 log-normal  GM=192.5 μg/h, σg=1.42 μg/h 

burning incense sticks *  uniform  Min=3 μg/m³, Max=39 μg/m³ 

burning mosquito coils *  uniform  Min=0.54 mg/h, Max=7.52 mg/h 

tobacco smoking   uniform  Min=20 μg/m³, Max >1000 μg/m³ 

electronic cigarettes   uniform  Min=1 μg/m³, Max=135 μg/m³ 

decorative fireplaces (during 
the burning phase, with 
different type of fuel: ethanol 
and gel-type) * 

 uniform  Min=698 μg/h, Max=10637 μg/h 

wood-burning fireplaces *  uniform  Min=5 μg/m³, Max=48 μg/m³ 

cooking  normal   μ=700 μg/h, σ=100 μg/h 

air cleaning devices *  uniform  Min=2 μg/m³, Max=25 μg/m³ 

textile  log-normal   GM=1.9 μg/(m2 h), σg=1.38 μg/(m2 h) 

carpet  log-normal  GM=3.9 μg/(m2 h), σg=1.65 μg/(m2 h) 

surface coatings  log-normal  GM=2.3 μg/(m2 h), σg=1.56 μg/(m2 h) 

wallcoverings  log-normal  GM=0.5 μg/(m2 h), σg=2.23 μg/(m2 h) 

solid wood  normal  μ=4 μg/(m2 h), σ=1 μg/(m2 h) 

particleboard  log-normal - normal  GM=79 μg/(m2 h), σg=1.37 μg/(m2 h) 

OSB (Oriented strand board)  log-normal - normal  GM=39 μg/(m2 h), σg=1.96 μg/(m2 h) 

MDF  n.a.  GM=80 μg/(m2 h) 

plywood  n.a.  GM=48 μg/(m2 h) 

laminate  log-normal  GM=8.5 μg/(m2 h), σg=1.8 μg/(m2 h) 

furniture  log-normal - normal  GM=17.8 μg/(m2 h), σg=2.54 μg/(m2 h) 

doors  log-normal  GM=18.2 μg/(m2 h), σg=2.7 μg/(m2 h) 

mineral wool  n.a.  GM=31.0 μg/(m2 h) 

 



Formaldehyde in European homes (Halios et al., 2022)
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• We estimated the burden of 
disease from asthma 
associated with residential 
formaldehyde concentrations, 
among children in England, 
using the most up-to-date 
epidemiological evidence 
available

• In 2019, exposure to 
formaldehyde in England was 
associated with 
approximately:
• 4,000 cases of asthmaClark, S.N.; Lam, H.C.Y.; Goode, E.-J.; Marczylo, E.L.; Exley, K.S.; 

Dimitroulopoulou, S (2023). The Burden of Respiratory Disease from 
Formaldehyde, Damp and Mould in English Housing. Environments, 
10(8), 136. https://doi.org/10.3390/environments10080136

Burden of Disease -
Formaldehyde in English 
homes (Clark et al., 2023)

https://doi.org/10.3390/environments10080136


Sources of IA pollutants - schools
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WHO (2021) Educational course
Chemical pollution of indoor air and its risk for children’s 
health
9789289055628-eng.pdf (who.int)

https://iris.who.int/bitstream/handle/10665/341984/9789289055628-eng.pdf
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WHO – tool to assess combined exposure 
to chemicals in schools

WHO (2020) 
https://apps.who.int/iris/bitstream/handl
e/10665/334389/9789289055239-
eng.pdf

WHO (2021) 
https://iris.who.int/handle/10665/341467

WHO (2021) 
https://apps.who.int/iris/handle/10665/341466 

https://apps.who.int/iris/bitstream/handle/10665/334389/9789289055239-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/334389/9789289055239-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/334389/9789289055239-eng.pdf
https://iris.who.int/handle/10665/341467
https://apps.who.int/iris/handle/10665/341466
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Priority chemicals in European schools

WHO, 2020. Methods for sampling and analysis of chemical pollutants in indoor air: supplementary publication to the screening tool for 
assessment of health risks from combined exposure to multiple chemicals in indoor air, ISBN 978 92 890 5523 9. 
https://apps.who.int/iris/bitstream/handle/10665/334389/9789289055239-eng.pdf

https://apps.who.int/iris/bitstream/handle/10665/334389/9789289055239-eng.pdf
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Table 2.  Source control of pollutant emissions from indoor sources (based on WHO, 2022)
Potential indoor sources Pollutants Source control / mitigation measures

Furniture and wooden products (for example, pressed 
board, plywood, particle board, fibreboard furniture, 
flooring, panelling, doors)

formaldehyde, acetaldehyde, benzene, 

α-pinene

Choose certified, eco-labelled materials with low VOC emissions

for floor/wall/ceiling coverings and furniture

Flooring materials (e.g., PVC flooring with adhesive, 
carpet backings)

formaldehyde, acetaldehyde, benzene, ethylbenzene, 
xylenes, styrene, toluene

- Implement renovations and refurbishments in the first month of

the summer holiday

- Use woven or knotted textile carpets instead of synthetic ones
Wall paints, solvent-based (water-resistant) benzene, xylenes, styrene, toluene Implement renovations and refurbishments in the first month of

the summer holiday

- Use water-based paints 
DIY products (for example, solvents, paints, 
wallpapers, glues, adhesives, varnishes, lacquers)

 

formaldehyde, acetaldehyde, benzene, ethylbenzene, 
trimethylbenzene, xylenes, styrene, toluene, 
tetrachloroethylene

trichloroethylene, n-butyl-acetate, naphthalene, 

benzo(a)pyrene

- Implement renovations and refurbishments in the first month of

the summer holiday

- Use smaller quantities of or green alternatives to paints,

solvents, adhesives and science laboratory chemicals

- Increase ventilation, e.g., open windows when working with 
chemicals

Painted or varnished coatings benzene, ethylbenzene, xylenes, toluene, 
dichlorobenzene, n-butyl-acetate

Choose certified, eco-labelled materials

Limit the use of chemical products
Paint and varnish removers

stain removers, wood cleaners

α-pinene, 

tetrachloroethylene, trichloroethylene

Choose certified, eco-labelled materials

Limit the use of chemical products
Electronic equipment (e.g., photocopy machines) formaldehyde, acetaldehyde Place photocopiers and printers in separately ventilated rooms
Plastics trimethylbenzene, styrene
New books, magazines, newspapers formaldehyde, toluene Locate in dedicated rooms /library, well ventilated
Cleaning products 

and

disinfectants

formaldehyde, trimethylbenzene, toluene, limonene, α-
pinene, trichloroethylene

naphthalene

Use fragrance-free cleaning materials,

Dry-cleaned textiles, curtains, carpets tetrachloroethylene Use washable textiles for classrooms instead of textiles that

require dry-cleaning
Air fresheners dichlorobenzene, limonene Do not use air fresheners in classrooms, 
Human activities (cooking) formaldehyde, acetaldehyde, benzo(a)

pyrene

Install extractor fans in kitchens to be on during cooking activity

     



www.gov.uk/ukhsa
Sani.Dimitroulopoulou@ukhsa.gov.uk

to reduce our exposure to indoor air pollution 

Let’s work together

Thank you! 

http://www.gov.uk/ukhsa
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