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Indoor air — Health effects

Birth and infancy

+ Respiratory problems - wheeze,
rhinitis, atopic asthma, respiratory
infections

+ Low birthweight and pre-term birth

Exposure to indoor air pollutants,
chemicals and biological
contamination is associated with

= respiratory system

"= nervous system

» cardiovascular system Pre-school

* carcinogenicity « Respiratory problems - wheeze,
allergies, asthma, risk of respiratory
diseases and pneumonia

+ Eczema and atopic dermatitis

+ Greater hyperactivity, impulsivity
and inattention

respiratory irritation

Health and Care Excellence
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School age

+ Respiratory problems - wheeze,
rhinitis, asthma, throat irritation,
nasal congestion, dry cough

+ Eczema, dermatitis, conjunctivitis,
skin and eye irritation

+ Reduced cognitive performance,
difficulty sleeping

RCPCH (2020) https://www.rcpch.ac.uk/sites/default/files/2020-
RCPCH (2020) NICE (2020) WHO (2021) 01/the-inside-story-report_january-2020.pdf
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VOCs in European homes (Halios et al., 2022)

Table 1
Individual Volatile Organic Compounds (VOGs) identified through measurements in residences and their calculated Weighted Average Geometric Mean (WAGM).
VOC wAGM VOC WAGM VOC WAGM
(ng/m?) (hg/m*) (hg/m®)
Ethanol 92.00 Isobutane 4.01 1-Methoxy-2-propanol/propylene glycol methyl ether 1.35
(PGME)
Formaldehyde 18.04 2-Ethylhexanol 3.70 4-Ethyltoluene 1.33
Toluene 15.90 Dodecane/n-dodecane 3.69 2-Butoxyethanol 1.26
Limonene [inc. p-limonene] 13.65 Hexane/n-hexane 3.66 2-Carene 1.10
Hexanal/hexaldehyde/ 13.30 Heptane/n-heptane 3.45 Methyl-cyclopentane 1.04
hexanaldehyde
a-pinene 12.10 Trimethylbenzene (including 1,2,4- Trimethyl benzene) 3.22 Isopropanol 1.00
Butane 12.00 Cyclohexane 2.99 3-Ethyltoluene 0.98
Acetone 11.40 2,2, 4-Trimethyl-1,3-pentanediol diisobutyrate 2.94 2-Ethyltoluene 0.94
(tpddib/TXIB)
Acetaldehyde 10.14 2,2.4-Trimethyl-1,3-pentanediol monoisobutyrate 2.78 Acrolein 0.92
(tpdmib/texanol)
2-Methyl-1-propanol 8.20 Tetracholorethane 2.68 Styrene 0.82
2-Methylbutane 7.80 Methyl-cyclohexane 2.68 Propylbenzene 0.80
1-Butanol 6.16 Tetrachloroethylene/tetrachloroethene 2.24 Tetrachlorocarbon 0.80
Butylbenzene 5.72 Nonane 2.21 Trichloroethane 0.73
Decane/n-decane 5.27 Benzene 1.99 p-Tsopropyltoluene/p-cymene 0.56
m + p-Xylene 4,57 Ethylbenzene 1.84 Trichloroethene/trichloroethylene 0.53
Undecane/n-undecane 4.38 Propanal/proprionaldehyde 1.80 Naphthalene 0.50
3-Carene 4.38 Tridecane 1.77 Chlorobenzene 0.42
Pentanal 4.34 Pentane 1.69 Methylbenzoate 0.33
2,24 Trimethylpentane 4,33 o-Xylene 1.57 1,3,5- Trimethylbenzene 0.33
Octanal 4.30 a-Pinene 1.56 Pyridine 012
Ethyl acetate 4.30 Benzaldehyde 1.55 1,3-Butadiene 0.11
p-Dichlorobenzene 3.90 Octane 1.54 3-Ethenylpyridine,/3-vinylpyridine 0.06

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
4 https://doi.org/10.1016/j.scitotenv.2022.156201
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Results:

Health effects following inhalation

Chemical

Chemical
family

Sources
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Acetaldehyde

Aldehyde

Concrete/screed with and without
PVC covering, wooden flooring and
battens, composite board (MDF,
chipboard), plywood, skirting board,
expanding foam, finishing plaster,
ceiling tiles, gypsum, plaster, vinyl and
ingrain wallpaper, polyurethane
adhesive mastic, wallpaper paste,
latex and dispersion paints, Carpet
(nylon with PVC backing), fragranced
and unfragranced jar candles, burning
stick incense, typical domestic wood
stoves, kerosene space heaters,
ethanal fireplaces

Acetone

Ketone

Solid wood (pine, cak, beech),
plywood, composite board (MDF,
chipboard, 0OSB), fireboards from
coriander biorefinery, glue for
wallpaper, finishing plaster, lincleum,
silicone, expanding foam, ceiling tile,
gypsum board, veneered particle
board (UV curing lacquer), surface
sprays, glues, burning stick incense,
electric air fresheners, kerosene
space heaters, ethanol fireplaces,
cleaning agent, cosmetics, flea sprays

Benzene

Aromatic
hydrocarbon

Gypsum board, commercially-
available floor coverings (made of PVC
or with polypropylene or polyamide
fibres), low density polyethylene,
polyurethane foam, carpet glue,
scatter rugs, solvent-based cleaning
and painting products (acrylic and
water based paints, matt emulsion),
burning fragrance jar candles and
burning stick incense, kerosene space
heaters, fireplaces with liguids, wood-
burning fireplaces

Ethylbenzene

Aroratic
hydrocarbon

Materials for floor coverings (PVC,
linoleum, rubber, polyolefin), gypsum
board, Carpet, plywood, polyurethane
foam and adhesive mastic, solvent-
based cleaning and painting products,
solvent and water based interior
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Formaldehyde em
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(Salthammer, 2019)

Product function Emission factor

burning candles * (both log-normal GM=192.5 ug/h, 6g=1.42 ug/h
scented and unscented)

burning incense sticks * uniform Min=3 ug/m?3, Max=39 ug/m?

burning mosquito coils * uniform Min=0.54 mg/h, Max=7.52 mg/h
tobacco smoking uniform Min=20 yg/m?3, Max >1000 yg/m?
electronic cigarettes uniform Min=1 pg/m?3, Max=135 pg/m?
decorative fireplaces (during uniform Min=698 ug/h, Max=10637 ug/h

the burning phase, with

different type of fuel: ethanol

and gel-type) *

wood-burning fireplaces * uniform Min=5 pg/m?3, Max=48 ug/m?

cooking normal p=700 ug/h, 0=100 pg/h

air cleaning devices * uniform Min=2 pyg/m?, Max=25 pg/m?

textile log-normal GM=1.9 pg/(m? h), 0g=1.38 ug/(m? h)
carpet log-normal GM=3.9 pg/(m? h), cg=1.65 ug/(m? h)
surface coatings log-normal GM=2.3 ug/(m? h), 0g=1.56 ug/(m? h)
wallcoverings log-normal GM=0.5 ug/(m? h), 0g=2.23 ug/(m? h)
solid wood normal p=4 pg/(m? h), 6=1 pg/(m?2 h)
particleboard log-normal - normal GM=79 ug/(m? h), 0g=1.37 ug/(m? h)

OSB (Oriented strand board)

log-normal - normal

GM=39 ug/(m? h), 0g=1.96 ug/(m? h)

MDF n.a. GM=80 ug/(m? h)

plywood n.a. GM=48 pg/(m? h)

laminate log-normal GM=8.5 ug/(m? h), g=1.8 ug/(m?2 h)
furniture log-normal - normal GM=17.8 pg/(m? h), 0g=2.54 ug/(m? h)
doors log-normal GM=18.2 pug/(m? h), 6g=2.7 ug/(m? h)
mineral wool n.a. GM=31.0 ug/(m2 h)

HCHO (Reference Room) [ug/m?]

1000

100

—_
o

T T T T r 717 17T 17T 17T 17T 7T T T°1

I T T T 1
o ub 6'}6@5"@& _&g&e (\d“ an.&,ars o2 41006 '&"b oqr ‘:»Q 6@_@&- d\ﬂ".sﬁ' oo
G O o NS
R S :
AT O $
o ¢ w



Formaldehyde in European homes (Halios et al., 2022)
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Burden of Disease -
Formaldehyde in English
homes (Clark et al., 2023)

2019

Formaldehyde
800 DALYs from

childhood asthma

Damp and/or mould

Almost 1-2% of new cases of
allergic rhinitis

2,200 DALYs from asthma

600 DALYs from LRIs

ins OS data © Crown copyright and database right 2022)

Clark, S.N.; Lam, H.CY.; 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

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 asthma


https://doi.org/10.3390/environments10080136

Sources of |A pollutants - schools

SOURCES OF INDOOR AIR POLLUTANTS:
OUTDOOR SOURCES

® o

Motorized Industrial sites Agriculture

transport * Power plants

* Busy roads » Gasoline stations

+ Parking (parking
spaces and idling)

Other sources

* Loading/unloading
places (for example,
supermarkets)

* Use of pesticides
and agrochemicals

« Smallworkshops * Manure/fertilizers

X * Construction works
* Waste dumping

sites and landfills * Rubbish bins
+ Ventilation exhaust

Distance and wind direction are important factors. from other buildings

SOURCES OF INDOOR AIR POLLUTANTS:
INDOOR SOURCES ()

O © @ &

Building materials Equipment Furnishings Other

» Coatings » Computers + Furniture + Kitchens/canteens
+ Flooring * Printers + Sun screens/ + Laboratories

+ Doors + Interactive curtains + Consumer products
« Windows blackboards

Time after renovation/installation is important.

WHO (2021) Educational course

Chemical pollution of indoor air and its risk for children’s
health

9789289055628-eng.pdf (who.int)

SOURCES OF INDOOR AIR POLLUTANTS:
INDOOR SOURCES (ll)

e 6 © ©

Tobacco smoke Maintenance People Use of insecticides,
of buildings « Crowded places disinfectants

* Cleaning products « Activities (painting,

« Air fresheners, etc. laboratory wark, etc)



https://iris.who.int/bitstream/handle/10665/341984/9789289055628-eng.pdf

WHO - tool to assess combined exposure
to chemicals in schools

Methods for sampling and
analysis of chemical pollutants
In indoor air

World Health
4 Organization
wacrmn Europe

Supplementary publication to the screening tool for assessment of
health risks from combined exposure to multiple chemicals in indoor air

Screening questionnaire

for selection of sampling sites
for assessment of risks from
combined exposure to multiple
chemicals in indoor air

World Health
Organization

mesoweomcrn EUrope

Literature review on chemical
pollutants in indoor air in public
settings for children and overview
of their health effects

with a focus on schools, kindergartens and day-care centres

Supplementary publication

to the screening tool

for assessment of health risks
from combined exposure to
multiple chemicals in indoor air
in public seftings for children

Supplementary publication

to the screening tool

for assessment of health nisks
from combined exposure to
multiple chemicals in indoor air
in public settings for children

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

eng.pdf

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

WHO (2021)
https://iris.who.int/handle/10665/341467
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Priority chemicals in European schools

No. Chemical family Substances
1 Particulate matter I:F'Fla."r‘lic;.lI.:ll.e matter with an asrodynamic diameter below 10 pm
Al'l
2 Farticulate matier with an aerodynamic diameter below 2.5 pm
(PM_)
Chemical fﬂmll}l’ Substances Chemical . 3 Inorganic compounds Carbon monoxide (CO)
Absiracts Services 4 Ozone (0,)
(CAS) number 5 Phthalates Diethyl phthalate (DEF)
1 Oxygenated Aldehydes Formaldehyde 50-00-0 : Dfis‘-"b”"" phthalate (DiBF)
wolatile organic Di-n-butyl phthalate (DnBFP)
2 g ﬂﬂEu"iEhde 75-07-0 8 Musks Galaxclide
compounds )
W g Tonalide
qu!_ 5] 10 FAHs Acenaphthene
Volatile organic Aromatic hydrocarbons  Benzene 71432 1 Acenaphthylens
compounds (WOCs) Ethylbenzens 100-41-4 12 Phenantrene
13 Anthracens
-‘?IE”E I:EI—. m-, p_l:' 95476 14 Benz{a]anthracens
108-3&-31108-42-3 15 Benzo[bfiucranthens
. 18 Benzo[jflucranthens
;] —lyrens 100-42-5 17 Benzo[e]pyrene
T Toluens 108-B8-3 18 Benzo[ghilparylens
: 1,2 3-trimethylbenzene  526-73-8 10 BenzofkNuoranthene
20 Chrysens
g 1.4-dichlorobenzene 106-48-7 21 Dibenz[a hlanthracene
10 Esters Butyl acetate 123-86-42 2 Dibenzola,Jpyrens
R 23 Fluoranthene
11 Terpenes Limmonemns 138-86-3 2a Fluorene
12 a-pinens B0-56-8 25 Indenc[1.2,3-cd]pyrens
) 28
123 Chlorinated Tetrachloroethylene 127-12-4 : Pyrene_ .
hj'dl'DG.!l'bDni i Brominated ﬂame_retardants 2 4 4 -tribromadiphenyl ether (BDE 28)
28 L‘? F:Sl—rﬂghm“;;;‘:" 2,2' 4.4 tetrabromodiphenyl ether (BDE 47)
14 Trichlorosthylene T9-016 20 iphenyl ethers (FBOEs) 22' 4.4 5-pantabromodiphenyl ether (BDE 99)
15 PD|]’G‘5‘T—'"G aromatic hl.aphlhalene 91-20-3 30 2,2' 4.4 B-pentabromodiphenyl ether (BDE 100)
kb 22" 4.4 5,5 -hexab odiphenyl ether (BDE 153,
hydrocarbons (PAHs) Srabromedigneny! siner { !
peied 22" 3.4.4" 5 8-heptabromodiphenyl ether (BDE 123)
15 Semi-volatile FAHs Benzo(ajpyrene 50328 33 2,2,3,% 4,4,5.5"8,6'-decabremodiphenyl ether (BDE 200)
ongan ic k2 1. 2-dibromo-4-(1 2-dibromoethyljeyclohexane (DBE-DBCH)
cnmpuundi i5 Organophsophate flame Tributyl phosphate [TBP)
(SVOCs) 35  retardants (OPFRs) Tris{2-butowyethyl) phosphate (TBEP)
- - o 7 Tris{1-chlaropropan-2-yl) phosphate (TCPP)
17 Inorganic Mitrogen dioxide (MO,}  NO, 10102-44-0 - - Ez i Pth:‘? ; ”: - ;CEP?
compounds Msl=—choroethy’) Phospna
L Chlorinated paraffins (CPs) Short-chain CFs (3CCPs) (T, )
&0 Medium-chain CPs (MCCPs) (C ,  }
41 Long-chain CPs (LCCPE) (C,...)

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.
11 https://apps.who.int/iris/bitstream/handle/10665/334389/9789289055239-eng.pdf
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Interventions in sc
CIBSE TM57: Design guidance —

12

currently being updated

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,

a-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

a-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, a-
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




Let's work together

to reduce our exposure to indoor air pollution

Thank you!

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



http://www.gov.uk/ukhsa
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