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Eublic Health - Background and Context
ngland

Until recently, in the UK, there were no IAQ guidelines for individual VOCs:

Exposure to total volatile organic compound (TVOC) levels should not exceed 300
ug.m-3 averaged over 8 hours (ECA,1992).

TVOC as a measure reveals little regarding the nature of the individual compounds,
their concentrations and possible toxicity to humans.

WHO (2010) IAQ guidelines provide limit values for a few VOCs (benzene,
naphthalene, polycyclic aromatic hydrocarbons (PAHSs), tetra- and tri-
chloroethylene) including formaldehyde
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England Review Objectives

The overall objective of this work was to carry out a comprehensive literature review
to propose health based IAQ guidelines for individual VOCs in the UK.

We investigated:

v" The occurrence of VOCs in indoor residential and public buildings (offices),
focussing in the UK and Europe.

VOCs present, their sources, concentrations, toxicity and health impacts

v" VOCs emitted from construction products and building materials (construction
phase) but also from consumer products (post-occupancy)

v' We reviewed existing assessment values proposed by other countries and
organisations, and selected the most appropriate existing health-based guidance
values for inhalation and propose these as IAQ guidelines.
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Public Health  |nclusion Criteria and Analysis
England

To be statistically relevant only large-scale monitoring studies were investigated -
more than around 40 buildings.

Emphasis was given to research demonstrating robust, clear methodologies and

analysis using established protocols (e.g. ISO-16000-6 quantitative analysis)
and indicated measurement uncertainties.

The findings of included studies were grouped to characterise individual VOCs and
permitted health-based guidance values seen in existing national and
international standards and their measured concentrations in buildings, in
relation to toxicological data and potential health impacts.

Building types 1) housing and 2) public buildings/offices

Strategies for VOC reduction/removal from the indoor air were investigated as well
as suggested methods of mitigation.

We started with the WHO guidelines for indoor air quality (2010)
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Public Health -
England Results of the literature search

Records identified via database Records identified via other
searches (n=7,958) sources (n=98)

>

v A4

Following removal of duplicates 6,701 studies are
included for screening via title and abstract

v

1,542 potentially appropriate
abstracts/reports were reviewed

\ 4
378 potentially appropriate full

papers/reports were reviewed

h J

71 papers/reports included in this review
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Duplicates excluded (n=1,257)

Excluded as not relevant to the
study (n=5,159)

Excluded for not meeting basic
review criteria (n=1,164)

Excluded as insufficient detail
unclear or limited
methodologies, small study
scale, location/building types

not relevant to this study
{n=307)




S blic Health Priority VOCs in homes and offices in UK

England and major international studies

Public

buildings/ Public buildings/ Lowe-energy/non low-
Building types Residential Residential Residential aings Residential Residential Residential Residential energy residential and
Residential (+Schools) ublic buildin
{+Schools) e oo
s MHCLG (2016)
Project/case stu BRE study THADE -EFA index Project  BUMA Project M““t:“‘“' AIRMEX Study  EPHECT Project unpublished IEA EBC Annex 62
cject/case study (1596} (2002-2004) (2005): (2008) erkley Logue (2011} (2015) small-scale UK (2016)
et al 2010)
study
™OC High High High High High
2-Butogyethanal Low
Acetaldehyde Low High High Hizh
Acrolein Low Low Low
Further
a-Pinens research High High High High High
needed
Banzens High High High High High High High
Chloroform Low
Further
D-Limonene research High High High High
needed
Ethyloenzens Law Law Low
Formaldehyde High High High High High High High High
Hexanal Lows
Naphthalens High High High
n-Hexane Low
Propionaldehyde Low
Styrens Lowe High Under evaluation High
Tetrachloroethylena (T4CE) High
Tolusne High High Lo High Low
Trichlorosethylens High High
Eylenes Lowar High Low Low

"High’ and ‘Low’ refer to the statements of priority for compounds seen in individual studies

“WHO proposed guidelines include benzo(a)pyrene. However, reviewed studies show no evidence of its occurrence in domestic or office environment

“BRE study large study, limited range of species measured, as seen in large TVOC concentration compared to relatively small measured species concentration
“Priorities in the INDEX project are stated as based on occurrence, dose-respaonse relationship

SIEA study based on large scale measured values- accurrence only

IMHCLG unpublished study. Qualitative method used (toluene equivalent concentration according to 1SQ 16000-5), species present but guantity subject to large
uncertainties.

Indoor Air Quality Guidelines for selected VOCs in the UK




Public Heatty  Miateral and prqduct emission sources for
England selected VOCs indoors

1
WHO, USEPA, ?;:Ef@ﬁ:”:ﬁl_ ,oq7  Sources! residential and public  Sources residential
VOC Species PubCHEM Consumer product use of species, ECHA (2018) Mandin et al., 2017 buildings. Missia et al. 2010 buildings. BRE study
Suggzested sources [OFFICAIR) [BUMA) 1996
Farmaldehyde* Furniture and wood Uszed in adhesives and sealants, costing products, fillers, putties, plasters, Flooring, wood products.  Laminate flooring, linoleum, Laminate flooring,
[50-00-0) products MDF, medezlling clay, inks and toners, polymers, fusls, biocides [e.g. Alzo, possible reaction varnizhed wood, cork, acrylic lincleum, wood-
insulating materials,  disinfectants, pest control products), polishes and waxes, washing & product dus to ozone and water based paints, matt furniture: particle
textilas cleaning products and cosmetics and personal care products. Other relezse  initiated reactions with emulsion, plaster, wallpaper, board, plywood and
to the environment of this substance is likely to ocour from: indoor use terpene species. Seen wood- furniture particle board,  chipboard [Higher
[e.g. machine wash liquids/detergents, automotive care products, paints especially in surmmsr phywiood and chipbosrd levels zeenin n
znd coating or adhesives, fragrances and zir fresheners) campaign hames).
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Formaldehyde concentrations
In homes and public buildings/offices

le 3f Formaldehyde (50-00-0) concentrations (ug.m~) observed in indoor environments

homes
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Europe)

. 95th Stud Monitori . .
Median . ucy D." oring Environment Location Source
percentile Sample Period
182 3 days Homes UK BRE (1936)
612 876 3 days Homes UK Raw et al. (2004)
Dimitroul | t al.
32 2 weeks Homes Living room UK Izlgjsr]ou PPN E
- Dimitroulopoulou et al.
33 2 weeks Homes Main bedroom UK
(2015)
Worldwide (incl. UK and
3,601 Variable Low energy homes (i il 2 i an Salis et al. (2017)
Europe)
Non-l Worldwide (incl. UK and
22,783 Variable Rl EE orldwide (incl. UKand L+ o1 (2017)




Indoor air guidelines for VOCs
proposed by various organisations and research projects

Public Health
England
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E
IEA-EBC |::1E;T Europe
Standard Annex 63 project EPHECT WELLw 2 LEECw ASHRAE 133.1
2016 2005 Project 2015
. Wentilation Ventilation
L-:n|.1-.r =MErsy EI:ntu:aI Jmaterial Smaterizl Ventilation only
Applicable to EMES, Homes _IEDEUE emission-based emission based Green buildings
and public Lirmit [CEL} . i . .
. Cifices and public All building non-residential
buildings Homsas o
buildings types
SLT2 100572 5574, LT3
Fa Id=h 1173 ! AZLT3 ! 100574
rmaldehyde 123573 LT2 55 574
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Health-based indoor air quality guidelines for selected VOCs

- - %
VOCs ShmTE:ﬂ'"” Values '"L:?g"_'rem E,':”;D:l ot Reasoning for choice Potential Health impacts
Acetaldehyde 1,420 (1h) 230 Hezlth Canada Maost recent appraisal of evidence Irritation of the eyes, skin, and respiratory tract following acute
[75-07-0) {1day) (2018p exposure.? Long-tarm znimal studies have reported carcinogenicity
and inflammation and injury to tissues of the upper respiratory tract
[Health Canada, 2018)
a-Pinene 45,000 4500 EPHECT Critical Exposure limit {CEL) inhalation With the exception of its irritative [skin, eyes) and sensitizing
[B0-55-8) {Z0min) (1 day) [Trantallidi et exposure to key and emerging indoor air properties, it is a chemical with fairly low acute toxicity.® 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
airflow limitation.
Bznzen= Na zafe level of exposure can be Waorld Health The risk estimates are based on human The International Agency for Research on Cancer has classified
[71-43-2) recommended. The unit risk of leukzemia Organisation hezlth risk. However, it is noted that the benzene as carcinogenic to humans (Group 1), Benzens causes
per 1pg.m* air concemtration is &= 10°¢. (2010} current Defra national air guality objectives acute myeloid leukzemia in adults. Positive associations have been
The concentrations of airborne benzene for benzene for England and Wales is an abserved for non-Hedgkin lymphoma, chronic ymphoid leukzemia,
associsted with an excess [ifetime cancer znnuzl mean of Spg.m~, based on the multiple my=loma, chronic myeloid leukaemia, acute myeloid
risk of 1710000, 1,/100 000 and 1/1 000 Eurcpazn (EU) ambiznt air guality directive leukaemia in children and cancer of the lung. (IARC, 20183).
000 are 17, 1.7 and 0.17pg. m?, 2008/50/EC [EU, 2008), (Defra, 2010).
respectively.
D-Limonene 50,000 2000 EPHECT Critical Exposure limit {CEL) inhalation As for a-Pinene above
[5589-27-5) {30min} {1 day] [Trantallidi et exposure to key and emerging indoor air
zl., 2015) pollutants emitted during household use of
selected consumer products
Formaldehyde 100 10 Waorld Health World Health Organisation guidelines valid Sansory irritation of the eyes, nose and throat, together with
[S0-00-0) {30min} {1yr) Organisation for short term exposure. ATSDR value of 10 exposure-dependent discomfort, lachrymation, sneezing, coughing,
[2010). ATSDR pe/m® suggested as the long-term health- nausea and dyspnoea. Human carcdnogen -long-term exposure
MRL {1959) bazed guideline walue which accounits for linked to nasal cancer.?
the potential for child susceptibility.
Naphthalens - 3.0 Agency for Walue zlso s=lected by the Flemizh Haemaolytic anzemia in humans at high doses. Respiratory tract
[91-20-3) {1yr) Toxic Government (2012) lezions induding carcinogenicity reported in long-term animal
Substances B There is no proposed guideline for short studies. »
dizeaze Registry  term exposure due to the lack of scientific
[2005], Usa evidence.
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Limit Values in pg.m-?

VOCs Short Source Document Reasoning for choice Potential Health impacts
Long Term
Term
Styrens - 350 Hezlth Canada (2018) host recent appraisal of evidence Sensory irritation of the eyes, nose and throat. High
(100-42-5) {1y}~ concentrations- headache, nausea, vomiting, weakness,

tiredness, dizziness, mild irritation to skin. Long-term exposure
haz been reported to cause neurological effects in humans
including changes in hearing, balance, colour vision and
p=ycholagical performance.

Tetrachloroethylene - 40 US EPA (2012) and hiost recent appraizsals of evidence Effects in the kidney indicative of early renal diseaze and

(127-18-4) {1dawy) Heszlth Canada (2018) neurctoxicity (visual and sutonomic disturbances)  Evidence
of carcinogenicity in animals. Limited evidence for
carcinogenicity in humans (positive associations have been
observed for bladder cancer)

Tolusne 15,000 (2h) 2,300 Hezlth Canada {2018) Mozt recent appraisal of evidence, specifically the dose  Eye, nos= and throat irritation, headaches, dizziness and
(108-38-2) (1 d=y response relationzhip. feelings of intoxication following short-tarm exposure.
average) Neurological effects including reduced scores in tests of short-
term memaory, sttention and concentration following long-term
exposure’
Trichloroethylens - 0.2* U3 EPA (2011) This value is based on human data for kidney cancer, The International Agency for Research on Cancer has classified
(71-01-08) {1yr) which has also been adjusted for other cancers. trichloroethylens as carcinogenic to humans (Group 1).

Trichloroethylene causes cancer of the kidney. A positive
association observed for non-Hodgkin lyrmnphoma and liver
cancer. It is assumed that trichloroethylene is genotoxdc [LAREC,

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

problems, liver and kidney damage and coma®
*Mo safe lewel of exposure can be recommended. The concentrations shown are associated with an excess lifetime risk of 1/1,000,000 and are applicable to both long and short-term exposures.
“We are aware of new data that indicates that effects may occur at lower doses; however, this new data has not yet been evaluated by an authoritative body.

" Health Canadz uses scresning values for some species - Indoor Air Reference Levels (LARL). These are used to assess possible risk. They are associated with acceptzble levels of risk after long-term exposure
[ower several maonths or years) for each specific VOC. Due to uncertainties in derivation; these have simply been labelled 25 annual. In these cases, no separate short-term exposure limit has been stated.

hizin References

“World Health Organizstion. WHO Guidelines for selected pollutants.
*Public Hezlth England. Chemical hazards compendium.

iUnitad States Environment Protection Agency. Iris Azzessments.
“Sarigizannis et al,, 2011
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ARTICLE INFO ABSTRACT

Poor indoar air quality, can cause a variety of adverse health effects. Pollutant exposure levels inside buildings
oganic compousds are likely due to pollutants from both indoor and outdoor sources. Although there are many indoor airbome
lle Organic Compounds (VOCs), and considers the current Total

Indoor Air Quality Guidelines for
selected Volatile Organic Compounds A e e e WA b e e et 5 e s o0
(VOCs) in the UK s ety o et g ener e e i VO e g

Vol
voc pollutants, the current review focusses on

Guldelines adverse health effects that require attention. We considered available health based general population indoor
guidelines for long and short-term exposure in respect of individual compounds, including acetaldehyde, o
pinene, o-limonene, formaldehyde, naphthalene, styrene, tetrachloroethylene, toluene and xylenes (mixture).

We conclude individual VOC guidelines are the mast appropriate way forward and that TVOC can be used as
an indicator for indoor air quality. This study highlights which compounds should be peioritised for monitoring
purposes. Our findings inform discussions around the improvement of general population health, source coatrol
and the need to raise awareness of the potential impacts of pollutants in the home.

idance values

1. Introduction Thus, there is a need for health.based

As defined in the building standard [5], VOGs are the org:
luding n-hexane and n-hexadec
mpounds

-90% of their time in  compounds eluting between &
on the gas chromatographic column. Very volatile arganic
\g before n-hexane on
mpounds
after n-hexadec

Given that the UK population spend around 8
buildings and around 60% in their homes [1,2], buildin
maodifiers of population health [3]. Overall exposure levels inside  (VVOCs) are the volatile organic compounds eluti
buildings are due to pollutants from both indoor and outdoor sources,  the gas chromatographic column. Semi-volari
although some tion by buildings occurs (SVOGs) are the organic compounds which e

There are a variety of pollutants in the indoor environment, in-  the gas chromatographic column. Total volatile organic compound
cluding gaseous pollutants (inorganic chemicals, radon and volatile  (TVOCs) are the sum of the concentrations of the identified and uni
organic compounds (VOCs)), biological pollutants (allergens, viruses  dentified VOCs. All compounds listed in Annex G of BS EN16516:2017

https://www.gov.uk/government/publications/air-quality-uk-
guidelines-for-volatile-organic-compounds-in-indoor-spaces
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and bacteria, mould) and particulate matter (PM). The current work
focusses on VOCs n the Indoor enviroament from both Indooe and
outdoor sources. The presence of VOCs in residential and public
buildings are well reported (e.g. [4]. Health organisations (e.g. The
World Health Organisation, The US Environmental Protection Agency
and Public Health England) have assessed the evidence and listed the
potential health effects of VOCs, includin of the eyes and

jes and asthma, cent

nervous system sy

respiratory tract, allerg p-
toms, liver and kidney damage, as well as cancer risks. The health risk:
from VOCs are determined by the level of exposure experienced as well

as the time spent within indoor environments (the focus of this study).

* Corresponding author.
E-mail address: Sani Dimitre s phe. gov.uk (S. Dimitroulopoulou)

are to be regarded as VOC, even If they elute from the gas chromato-
caphic system before n-hexane or after n-hexadecane. These Include
aromatic hydrocarbons, saturated aliphatic hydrocarbons (n, -iso,
cyclo-), terpenes, aliphatic alcohols, aromatic alcohols, glycols, glyco
lethers and aldehydes. Formaldehyde (HCHO) is of greatest importance,
due o its prevalence in the indoor environment and its known health

impacts 6]

In outdoor air, the primary VOC sources include those from in
complete combustion e.g. road traffic exhaust gases and volatile by
products of various industrial and commercial operations, as well as
biological metabolism, decay and degradation processes [7). In indoor
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Cross-government / Organisations / Stakeholders

» Cross Government Group On Gas Safety And Carbon Monoxide Awareness /
All Fuels Action Forum

» CIBSE TM40: Health Issues in Building Services
» NICE guidance on indoor air quality at home - PHETA

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

» Government Review into CO Alarm Requirements (England)

» WHO project on “assessment of cumulative risk to children of indoor air
pollution”

» Input to MHCLG for the revision of Building Regs (Part L, Part F)
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» QUASIMODO project

“Quality of Indoor Air on Sites Matched with Outdoor Datasets to
improve Outcomes”

Real-time monitoring of indoor air quality data combined with outdoor
air quality information. Indoor air quality will be measured and
allergens may be removed, using home air purifiers (HAP), in
homes of both vulnerable population and general public.

« Comprehensive literature review on the impact of home air purifiers
on domestic indoor air quality and human adult health.

» CO, project

Review of the health impacts of exposure to indoor CO,, looking at
toxicological evidence
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» PhD projects (co-funded PHE and UCL LoLo CDT)
PhD project 1 (2017-2021) - Lauren Ferguson

“Quantifying the benefits of measures to reduce exposure of
deprived communities to indoor and outdoor sources of air

pollutants’.
PhD project 2 (2018-2022) — Cairan Van Rooyen

“Ventilation practices in new homes in relation to air quality, noise
and overheating risk, and their impact on health”
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Let’'s work together

To reduce our personal exposure to
indoor and outdoor air pollution

Thank youl!

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




