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Factors affecting IAQ
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Sources of IA pollutants

Attic
Man-made mineral fibres,
asbestos, formaldehyde, dust

Bedrooms

Dust and dust mites,
bacteria and viruses,
pet dander, VOCs from
personal care products

Living areas

Radon from soil/bedrock, CO and
NO, from fires and wood-burning
stoves, VOCs and formaldehyde
from carpets, paints, glues,
furniture and air fresheners,
tobacco smoke, pet dander

Bathroom

Mould and mildew,
bacteria, VOCs and|
other chemicals from
cleaning products

Kitchen
CO,NO, and
particulates from gas
cookers/stoves, VOCs
from household
cleaning products

Garage
CO from car exhaust,
mould and mildew,
VOCs from stored
paints and solvents,
pesticides and
herbicides

Fig 3. Sources and types of indoor pollution encountered in homes. VOCs = volatile organic compounds.

Please note that these lists are not exhaustive and that the actual pollutants present, and their amounts,
will vary from household to household.

RCP (2016); RCPCH/RCP (2020)
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Dimitroulopoulou C, Ashmore MR, Terry A, Hill MTR. Use of Population Exposure Frequency Distributions to
simulate effects on policy interventions on NO, exposure. Atmospheric Environment. 2017; 150: 1-14.
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HEALTHVENT project

Otto Hanninen and Arja
Asikainen (Eds.) (2013).

Efficient reduction of
indoor exposures -
Health benefits from
optimizing ventilation,
filtration and indoor
source controls.

ISBN 978-952-245-821-6
(printed) ISBN 978-952-
245-822-3 (online
publication)
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England for selected VOCs
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https://www.gov.uk/government/publications/air-quality-uk- Building and Environment, 2019,
quidelines-for-volatile-organic-compounds-in-indoor-spaces https://doi.org/10.1016/j.buildenv.2019.106382
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PHE indoor air quality guidelines for selected VOCs

i
VOCs hort Terl:nmn Valuesi mLzﬁ-ng'erm Du:::lent Reasoning fior choice Potential Health impacts
Acetaldehyde 1,420 (1h) 280 Hezlth Canada Mozt recent appraisal of evidence Irritation of the eyes, skin, and respiratory tract following acute
[75-07-0] {1day] [2018p exposure.? Long-term znimal studies have reported carcinogenicity
=nd inflammation and injury to tizsues of the upper respiratory tract
[Health Cznada, 2013)
a-Pinene 45 000 4500 EPHECT Critical Expasurs limit (CEL) inhalztion With the exreption of itz irritative (skin, eyes) and sensitizing
(80-55-8) {20min) {1 day) [Trantallidi et exposure to kay and emerging indoar air properties, it is a chemical with fairly low souts toxicity.d Ozone
zl., 2015) pollutants emitted during household use of initiated reactions with terpenes produce gaseous and aerosol
selected consumer products phase products, causing sensory irritation of upper airways and
sirflow limitation.
Benzens Nao safe level of exposure can be World Health The risk estimatas are based on human The International Agency for Research on Cancer has dassified
[71-43-2) recommended. The unit risk of leukzemia Organisation health risk. However, itis noted that the benzene as carcinogenic to humans (Group 1). Benzene causes
per 1pg.m~ air concentration is 6= 105 (2010} current Defra national air quality objectives scute myeloid leuksemia in adults. Positive assodations have been
The concentrations of airborne benzene for benzene for England and Wales is an observed for non-Hodgkin lymphoma, chronic lymphoid leukzemia,
sssocizted with an excess lifetime cancer annuzl mean of Spg.m, based on the multiple myeloma, chronic myeloid leukaemis, acute myeloid
risk of 1,10 000, 1,100 000 and 1/1 000 Eurcpean (EU) ambient air guality directive  leukaemia in children and cancer of the lung. (IARC, 20133).
000 are 17, 1.7 2nd 0.17pg.m, 2008/50/EC (EU, 2008), (Defra, 2010).
respectively.
D-Limonene 50,000 5000 EPHECT Critical Expasure limit {CEL) inhalzation As for a-Pinene above
[5585-27-5) {30min} {1 day) [Trantallidi et exposure to key and emerzging indoor air
zl., 2015) pollutants emitted during household use of
selected consumer products
Formaldehyde 100 10 World Health World Health Organisation guidelines valid Sanzory irritation of the eyes, nose and throat, together with
(50-00-0) {30min) {1yr) Organisation for short term exposure. ATSDR valuz of 10 exposure-dependent discomfort, lachrymation, sneezing, coughing,
[2010). ATSDR pg/m* suggested as the long-term health- nauses and dyspnoea. Human carcinogen -long-term exposure
MRL {1539) bazed guideline value which accounts for linked to naszal cancer.!
the potential for child susceptibility.
Naphthalene - 3.0 Agency for Walue zlso zelectad by the Flemish Haemalytic anaemia in humans at high doses. Respiratory tract
[91-20-3] {1yr] Toxic Governmenit [2013) lezions including carcinogenicity reported in long-term animal
Substances & There is no proposed guideline for short studies.
diseass Registry  term exposure due to the lack of scientific

[2005), USA

evidence.




Public Health
England

PHE indoor air quality guidelines for selected VOCs

Limit Values in pg.m

VOCs Short Source Document Reasoning for choice Potential Health impacts
Long Term
Term
Styrens - 850 Heszlth Canada {2018) Iost recent appraisal of evidence Sensory irritation of the eyes, nose and throat. High
(100-42-5) {1y}~ concentrations- headache, nausea, vomiting, weskness,

tirednesz, dizziness, mild irritation to skin. Long-term exposure
has been reported to cause neurclogical effects in humansz
including changes in hearing, balance, colour vision and
psychological performance.

Tetrachloroethylene - 40 US ERA (2012) and Mozt recent appraissls of evidence Effects in the kidney indicative of early renal diseaze and

[127-18-4) [1day) Hezlth Canada {2018) neurctoxicity (visual and autonomic disturbances)**  Evidence
of carcinogenicity in animals. Limited evidence for
carcinogenicity in humans (positive associstions have been
observed for bladder cancer)

Tolusns 15,000 (2h) 2,300 Hezlth Canada {2018) Mozt recent appraissl of evidence, specifically the dose  Eye, noss and throat irritation, hesdaches, dizziness and
(108-88-3) {1 day response relationzhip. feelings of intoxication following short-term exposure.
average) Meurclogical effects including reduced scores in tests of short-
term memory, sttention and concentration following long-term
exposure’
Trichloroethylens - 0.2* US EPA (2011) This value is based on human data for kidney cancer, The International Agency for Research on Cancer has classified
(71-01-05) [ 1yr) wihich haz also been adjusted for other cancers. trichloroethylens as carcinagenic to humans (Group 1).

Trichlorosethylene causes cancer of the kidney. A positive
associstion observed for non-Hodgkin lymphoma and liver
cancer. It is assumed that trichloroethylene is genotodc (JARC,

2018k)
Eylenes-mixtura - 100 Hezlth Canada {2018) Mozt recently derived and mast precautionary value. Irritation to the nose, throat and lungs. Severe inhalation
(1320-20-7) {1y}~ exposure czn cause dizziness, headache, confusion, heart

problems, liver and kidney damage and coma®
*Mo safe level of exposure can be recommended. The concentrations shown are associzted with an excess lifetime risk of 11,000,000 and are applicable to both long and short-term exposures.
"“We are aware of new data that indicates that effects may occur st lower doses; however, this new datas has not yet been evaluated by an authoritative body.

* Health Canada uses screening values for some spedies - Indoor Air Reference Levels (IARL). These zre used to assess possible risk. They are associated with acceptzable levels of risk after long-term exposure
[ower several months or years) for each specific VOC. Due to uncertzinties in derivation; these have simply bean labelled 35 annual. In these cazes, no separate short-term exposure limit has been stated.

Mzin References

“World Health Organization. WHO Guidelines for selected pollutants. PHE Statement (2019): Indoor Air quality guidelines for selected VOCs in the UK,
*Fublic Health England. Chemical hazards compendium. https://www.gov.uk/government/publications/air-quality-uk-guidelines-for-volatile-organic-
ilnited States Environment Protection Agency. Iris Assessments. compounds-in-indoor-spaces

“5arigizannis et al,, 2011
Shrubsole C, Dimitroulopoulou S, Foxall AK, Gadeberg B, Doutsi A (2019). IAQ guidelines for LI
selected volatile organic compounds (VOCSs) in the UK. Building and Environment, Vol 165,
https://doi.org/10.1016/j.buildenv.2019.106382
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27 Portable air purification: review of Impacts

Public Health - - .
Engiand " ON Indoor air quality and health
Cheek E, Guercio, Shrubsole C, Dimitroulopoulou S (2020)

Intervention period vs control period and PM2.5 concentrations
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Figure 2: a graph of the PM, ; concentrations reporied in the dwellings in each
study during the active filtration and control periods

O This review shows that portable air purifiers can improve indoor air quality
significantly by reducing particulate air pollution.

O There is currently not enough evidence to confirm health benefits because
there are so few properly designed studies. But given that there is strong
evidence that the exposure to particulate pollutants is harmful to health, there

likely to be positive impacts. -
are likely to be positive impacts hitps://dloi.org/10.1016f scitotenv.2020.142585




263 Exposure to air pollution from indoor solid fuel
Public Health compustion and respiratory outcomes in children

In developed countries
GuercioV, Poum I, Leonardi G, Shrubole C, Gowers A, Dimitroulopoulou S, Exley K (2020)

England

Lhr— e emttn o ewe el
m Science of the Total Environment " !

Beview

Exposure to indoor and outdoor air pollution from solid fuel combustion
and respiratory outcomes in chikiren in developed countries: a
systematic review and meta-analysis

Videntina Geeron *, hula C, Popa, Glovasni 5, Leosandi, Cive Shisdisole, Alisos M, Gowery
S Dimimcakopoulow, Karen S Exdey

.......

There is currently little evidence linking
exposure to indoor coal or wood burning with
asthma or other respiratory diseases in
children.

This does not mean that exposure to these
sources of air pollution is not having health
effects, but rather that there is currently no
strong scientific evidence showing this.
Further research would be needed to establish
whether there is a link.

The epidemiological evidence on the
association between indoor wood, coal and all
solid fuel use and lung cancer risk is still
limited, as only a few studies evaluate such an

association. _ _
doi:10.1016/).scitotenv.2020.142187
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» PhD projects (co-funded PHE and UCL LoLo CDT)

PhD project 1 (2017-2021): “Quantifying the benefits of measures to
reduce exposure of deprived communities to indoor and outdoor sources
of air pollutants”.

Student: Lauren Ferguson

PHE Supervisor: Sani Dimitroulopoulou

PhD project 2 (2018-2022): “Ventilation practices in new homes in
relation to air quality, noise and overheating risk, and thelr Impact on
health”

Student: Cairan van Rooyen

PHE Supervisors: Sani Dimitroulopoulou (IAQ),

Ben Fenech (noise) and Ross Thompson (bundlng overheatlng)
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Areview of the literature and a modelling

methodology

FergusonL, TayiorJ, Davies M, Shrubsole C, Phil Symonds, Dimitroulopoulou S (2020)

o » Households of low socio-economic status

s S ; experienced higher levels of indoor PM, NO,,
O e 5 VOCs and ETS.
st o it polltion scros soccommmic srouns o gk 3 » Higher radon concentrations were found in
oy e homes with a greater material wealth.

» |nequalities in exposures may arise via;

» Poor quality housing;

= Alack of education regarding the harm of indoor
second-hand smoke,;

= Location near congested roads;

= Higher occupant density resulting in greater re-
suspension of particles;

= Radon in homes is principally explained by
geological variables.

» A holistic approach to improve indoor air quality

(IAQ) is required by transforming existing cities
e through sustainable building design, clean
i household fuels and reduced dependency on
cars.
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PHE leads the indoor air project on the development of VOC/SVOC exposure models
(2020 — 2023).
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PHE Contribution to I1AQ related activities of:
- Organisations &
- Government Depts
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Organisations
» CIBSE TMA40: Health Issues in Building Services

» NICE guidelines / standard on indoor air quality at home (PHE Topic Advisor)
(2019)

» RCP and RCPCH Systematic Review: “Effects of Indoor Air Quality on Children
and Young People’s Health” (2020)

» WHO Experts Group on IAQ and children’s health

» BSI - PAS3003 Development of new standard Non-domestic buildings —
Health and wellbeing performance

Government
» Cross Government Group On Gas Safety And Carbon Monoxide Awareness

» Department for Education — BB101 Guidance on ventilation, thermal comfort
and indoor air quality in schools (2018)

» MHCLG Revision of Building Regulations (Part L and Part F)

» Government Review into CO Alarm Requirements (England)
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NICE Guidelines: Indoor air quality at home

Evidence Reviews

« Studies that examined the association between individuals and building
characteristics and health outcomes
« Studies that examined the association between
o sources of pollutants and health outcomes
o exposure levels and health outcomes

Interpreting the evidence

“Nitrogen dioxide (NO,), volatile organic compounds (VOCS), particulate
matter (PM), polycyclic aromatic hydrocarbons (PAHs, naphthalene and
benzo[a]pyrene) and biological agents (mould and pet dander)

are sometimes associated with respiratory, cardiovascular and neurological
systems”
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NICE Guidelines: Indoor air quality at home
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Read about our appreech to COVIL: 12

Home 2 NICE Guidance ? Health protection > Enviranment

Indoor air quality at home
NICE guideline ING149]  Published date: 08 January 2020

Guidance Tools and resources Indormation for the putiic Evidence Hiztory

Rownioad guidance IPDF)

Guidance

Recommendations

Recommendations for resessch
i NICE Interactive flowchart - Alr pollytion

Rationale and impeact

Contimat
This guideline covers indoor air quality in residential buildings. It aims to raise

awareness of the importance of good alr quality in people's homes and how to

achieve this,

Finding more information and
resouwces

See a 2-page visual summary on actions to improve indoor air
quality.

4% 4

EEE

MNICE has also produced a guideline on cutdooe alr pollution.
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NICE Pathways
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Improving indoor air quality NICE "5itssiis [ Actions for architects, designers, builders and developers

These recommendations apply both to building new homes and renovating or refurbishing existing homes.

Actions for local authorities
Checking people’s homes and glving advice

Use irspections and home visits to identity poor indoor air quality.

Statf who visit peaple's bomes should:

» know about sources of indoor air polutants and their effects on health

o give advice on avolding activities that Increase polutants and Impeoving ventilation {see below)
o knaw who can pravide help with repairs and necessary improvemenss

* give advice on requesting a housing assessment i poar indoor air guality is suspected

Adwvise private and socist tenants ta contact thelr landlord if;

o ventilation is inadequate

® repairs are needed to prevent water from entering the haome

* provements are neaded to haating o insulation to prevent condensation,

Advse tenants to cantact their local authority if no action & taken to mmprave ventilation or carry out repairs,

o Do not ute unflued paraffin heaters

. Donntuzpsuohefsuhnn
. mmhum

Thiziza v of thy daty advice and information for the hon, health d d build
NWMMCESMMWBMIMS@MMWM:W

Published: January 2020 © NICE 202C. Al rights recerved Subject to Notice of right=
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RCPCH and RCP

Effects of indoor air
guality on children
and young people’s
health

Research project

Produced an evidence-
based report on the
Impact of indoor air
pollution

Birth and infancy

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

Low birthweight and pre-term birth

Pre-school

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

Eczema and atopic dermatitis
Greater hyperactivity, impulsivity
and inattention

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/2020-01/the-inside-story-report_january-2020.pdf
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World Health Organisation (WHO)

Development of atool to assess the cumulative risks from indoor air
pollutants in public settings for children - on-going project

f 23 World Health
2 Organization
wmn e ERrope

Methods for sampling and

sl Lebbll  \Vore publications are planned

Supplementary publication to the reoning ool for assessment of
pakth ris Y e X 10 mult

Project end: December 2020

https://apps.who.int/iris/handle/10665/334389




o MHCLG - Ministry of Housing

Public Health o
England Communities and Local Government

Building Regulations, Energy
Efficiency and Sustainability
Review 2020

Mi‘nistry of Housing,
Communities &
Local Government

> Revision Of the BU|Id|ng The Future Homes Standard
Regulations - Part F: ventilation o . v, s B et o o
and Part L al rtlg htness) Building Regulations for new dwellings

> ADF - Performance criteria:

WHO indoor air quality guidelines
(2010), together with the PHE IAQ
guidelines for selected VOCs (2019).

October 2019
Munisry of Housing, Commundties and Lozal Government
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6. Action to reduce emissions at home

Currently, with the exception of the
Paints Regulations, there are few
provisions limiting the VOC content of
products used in the home.

“We will work with industry to identify
an appropriate test standard for new
solid fuels entering the market.”

“We will explore a range of options
including the development of a
voluntary labelling scheme for
NMVOC containing products, and
assess its potential effectiveness.”

Strategy 2019

CLEAN AIR

STRATEGY 2019

Mock-up of NVMOC product iabeds — adapted from French isbels




Pubiic Health - Department for Education — BB101

England

@y GOV.UK

Q Departments Worldwide How governmentworks Getinvolved
= Consultations Statistics News and communications

e Coronavirus (COVID-19) | Guidance and support

Home » Education training and skills + Running and managinga school » Schoolbuildings and land
S""QQ : VQ;Dk}ﬁ ir-g an:g 'g:—:-ngi

Guidance
BB 101: Ventilation, thermal comfort
and indoor air quality 2018

This Building Bulletin provides guidance on ventilation,
thermal comfort and indoor air quality in schools

Published 11 March 2014
Last updated 23 August 2018 — gee all undates
From: Education and Skilis Funding Agency
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6.1 Indoor and outdoor air quality guidelines and UK air quality standards

For the first time in the UK policy, BB101 recommends:
o WHO (2010) guidelines for selected indoor air pollutants
o WHO (2009) guidelines for dampness and mould.

» Distinguish between indoor and ambient air:

o UK National Air Quality Objectives (DETR, 2007) for ambient air
pollutants.

» Refer to HSE EH40: Pollutant levels in Science, Design and

Technology and Art should always be kept below the levels given in
EH40.
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to reduce our exposure to indoor air pollution

Thank youl!

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




