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1. Introduction: background, objectives and rationale

EnVIE project was built on the foundations formeg the European Collaborative Action
(ECA) on Urban Air, Indoor Environment and HumanpBgure (2000-...), formerly Indoor
Air Quality and its Impact on Man (1986-99), ther2ports which it has produced covering a
wide range of indoor air quality related issueg B8TRATEX Report (ECA Report N° 25),
the INDEX Report (Critical Appraisal of the Settiagd Implementation of Indoor Exposure
Limits in the EU, project funded by DG Sanco andrdmated by JRC/IHCP, Kotzias al.
2005, Koistineret al. 2008) and numerous other EU, WHO and nationabrebeprojects and
coordination actions conducted during the past&fryand concerning the health effects of
various aspects of indoor air quality.

Considering the different approaches of the previeffiorts, some starting from the sampling
and analyses of indoor air contaminants and asgpf®ir potential impacts on health, some
focusing on the building materials, products andiggent, their releases into the indoor air
under different environmental challenges, moistheat, oxidants, etc, some others focussing
on the requirements for building technologies, suah ventilation, heating and air
conditioning to maintain a healthy and pleasanbarcenvironment, yet others evaluating all
of the above from the point of view of energy camagon and environmental sustainability.

EnVIE project selected a different approach. Thaetisig point of the project was human
health: those health conditions which in Europeeappo have the strongest link to indoor air
quality — regardless of whether the indoor air aambants originate from indoor sources or
are transmitted into indoor environments via vetitih from outdoor air. It was then
evaluated which indoor air contaminants are thetriksly causal agents for these health
effects, and which sources are the most likely ridoutiors to these exposures. The objective
of the current report is to review the current p@an status of knowledge about these
exposures and their sources.

The indoor exposure agents reviewed in this repuifude those, originally selected for
EnVIE, namely tobacco smoke, (combustion) partjctegsbon monoxide, radon, moisture,
moulds and dust mites and VOCs. In addition thgorereviews the indoor exposures to the
INDEX high priority chemicals, benzene, formaldehyde, naphthalene, carbon moaaad
nitrogen dioxide,INDEX second priority chemicals, acetaldehyde, xylenes, toluene and
styrene INDEX chemicals requiring further research (Ammonia),d-limonene andx-pinene.
The small overlap between the EnVIE and INDEX listenainly due to the fact that INDEX
was limited to specific single chemicals, and EnWi&s not. As VOCs are listed as one
exposure in EnVIE, most of the INDEX chemicals Ingido this group.

The current EnVIE Report on Indoor Air Exposure iegis mainly European research.
Research from elsewhere is reported for issueseylgeg., American results are expected to
be equally relevant for our understanding of thdoor exposure and its sources (e.g. tobacco
smoke, or accidental CO exposures), or where data butside of Europe are useful for
setting the European data on a scale.



Radon is probably the only indoor air contaminamtvihich comprehensive and comparable
indoor exposure data exist for most of the Europmamtries. For some others representative
and comparable data exist for selected cities achggrope (mainly the EXPOLIS,
MACBETH, AIRMEX, and PEOPLE studies). The Audit djuevaluated the IAQ using
harmonised study protocols in selected office ogd in nine countries. Nationally
representative studies have been performed in Gsrnf@erS 1...1vV, 1986-2006) and
France (IAQ Observatory, 2005-...). In the UK indadr quality was studied repeatedly and
comprehensively in a representative sample of hamese area, Avon. Finally the THADE
project has compiled and evaluated existing in@aoquality data from 10 European cities.

The current report relies mostly on the reportgheke projects, but presents also relevant data
from other studies.



2. Sources of European indoor air exposure data

European Indoor air pollution data come from a iude of quite heterogeneous sources.
EXPOLIS study (Jantunegt al. 1998) was performed simultaneously and with idexhti
equipment and work protocols in seven Europeare<titiThe representativeness of the
EXPOLIS population samples varied considerably ketwthe cities, but it has been analysed
and published (Rotket al. 2000). The project had personal exposure as iis tagget, but in
order to understand and develop modelling capglidit personal exposures, also residential
indoor and outdoor and workplace concentrationsa okide selection of particulate and
volatile air pollutants were monitored.

The German Environmental Survey (GerES) (Sededl. 2000) and the French Indoor Air
Observatory (OQAI) (Kirchneet al. 2006) projects both provide nationwide represergat
indoor air quality data. The German study has bbepeated 4 times between 1985 and 2006,
and, thus, provides a unique set of data for teesssnent of indoor air pollution trends. The
EC/JRC Institute for Health and Consumer protecti@s conducted three urban VOC
(mainly benzene, toluene, ethylbenzene and m-, p-¥ylene, BTEX) exposure studies,
which covered a range of European cities and hasladed residential indoor air monitoring,
MACBETH (Cocheoet al. 2000), AIRMEX (Kotziaset al. 2005), PEOPLE (Ballestet al.
2006), and the European Parliament Pilot ProjecExposure to Indoor Air Chemicals and
Possible Health Risks (Geissal. 2008). The EC Audit study focused on a small nunafe
office buildings in 9 European countries, and thglish ALSPAC study was a three year
follow up of the homes of 170 pregnant women ana hern babies in Avon, UK. Besides,
there are a few studies which have not generatedda¢a, but instead compiled indoor air
quality data from previous studies, surveys anduiks (THADE, INDEX, Radon).

2.1. Surveys
2.1.1. EC Audit
Full name European Audit Project to Optimize InddarQuality and Energy
Consumption in Office Buildings
Time Heating season 1993-1994
Leading institute | Leading institutes TNO and U. of Porto. Other parsn TNO (NL),
and partners Technical University of Denmark (DK), Danish Buildi Research

Institute (DK), Centre Scientifique et TechniqueBktiment (F),
Belgian Building Research Institute (B), NorwegBuilding Research
Institute (N), Technical Research Centre of Finlé®H), University of
Athens (GR), Swiss Federal Institute of Technolbgysanne (CH),
EA-Technology (UK) and Building Research Establigimtin(UK).

Environment Office buildings

Region (countries,| 9 European countries (the Netherlands, Denmarkedr{ingdom,
cities) Greece, France, Switzerland, Finland, Norway ana@ey)




Study character Field investigation with questiorenaf health and environmental
conditions and physical-chemical measurements

Sample size, 56 buildings (6 per country) selected with critej®537 occupants

representativeness representing more than 30000 occupants of theibhgdd May not be
representative because of the choice criteria ahdame day of
measurements per building.

Agents total VOC, CO and GOIn some building also particulate matter and
individual VOCs. All measurements from outdoortai.

Exposure Only concentrations and possible sourefsedl.

Other data Characteristics of ventilation systeamgerature, operative
temperature, relative humidity, air velocity, noleeels.

References 1. Bluyssest,al. Indoor Air. 1996, 6.
2. P. Bluyssenrgt al., editors, European Audit Project...: Final Rep.,
Commission of the European Communities (1995)

2.1.2. GerES
Full name German Environmental Survey I-1V
Time GerES 1 1985/86, GerES Il 1990/91 and 19913 ES 11l 1998, and

GerES IV 2003 to 2006

Leading institute
and partners

Institut fur Wasser-, Boden- und Lufthygien, Umvkeihdesamt, Berlin

Environment

Residences

Region (countries,
cities)

Germany

Study character

Field investigation with measureasien

nt

Sample size, Represents German population

representativeness

Agents VOCs, formaldehyde

Exposure Residential indoor concentrations/expasanel simultaneous occupa
biomarkers from blood, hair, scalp.

Other data (Varies between studies) Tap water edrateons, content of vacuum
cleaner, dust.

References Web pagettp://www.umweltbundesamt.de/gesundheit-e/surneigi.
htm
Seifert B,et al. JEA&EE. 2000,10.

2.1.3. EXPOLIS
Full name Air Pollution Exposure in European Cities
Time 1996-1997

Leading institute
and partners

KTL (Finland), University of Athens (Greece), RIVlletherlands),
Université Joseph-Fourier, (France), VTT (Finlandijversity of
Milan (Italy), Regional Institute of Hygiene of Cteal Bohemia in
Prague (Czech Republic), Universitat Basel (Swiszet ), Imperial
College of Science, Technology and Medicine (UK)

Environment

Workplace, residential buildings, homgdoor

Region (countries,
cities)

Greece (Athens), Switzerland (Basel), France (Qrknd-inland
(Helsinki), Italy (Milan) and Czech (Prague)
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Study character

Field investigation with measurdsiand questionnaires

Sample size,
representativeness

The target population in each of the original EXR®Ltities is the 25-
5 55 year old (i.e. working age) people. Several petjan samples were

drawn from target population:

1. random sample for short mailed or interviewedstionnaire

2. random sample for time activity diary anddepth questionnaires

3. sample for exposure and micro environmeraatentration
measurements
In Helsinki, a larger exposure measurement sampkedsawn for more
detailed analysis of exposure determinants (n=2@19ther centers the
exposure sample size was 50. The target size fideanguestionnaire
was 2000, the true sample sizes in each city vgnymto 3000.
Response rates in different cities varied. See ®Rdtlet al. JEA&EE,
2000, 10.

Agents

VOCs, PMg, CO and in some places N@nd carbonyls

Exposure

48 h personal monitoring, divided betweerkday and leisure time
(incl. night), residential indoor and outdoor, amorkplace indoor
concentrations during the times of occupancy.

Other data

Questionnaires for time-activity, hogstonditions, workplace
conditions, meteorological and centrally monitoagebient air quality
data.

References

Web pagettp://www.ktl.fi/expolis/
Jantunen MJet al. JEA&EE. 1998, 8.

Hanninen Og¢t al. JEA&EE. 2004, 14.

2.1.4. French IAQ Observatory (OQAI)

Full name

National survey of indoor air qualityfrench dwellings

Time

October T 2003 to December 22005

Leading institute
and partners

Environment

Residential buildings

Region (countries,
cities)

France

Study character

Field investigations with measurgme

Sample size, 710 buildings, representative of the situation4hallion principal

representativeness residences in mainland France

Agents Volatile organic compounds (VOC), aliphdtycirocarbons,
halogenated hydrocarbons, glycol ethers, aldehy@debpn monoxide
(CO), radon and gamma radiation, allergens, inatiqulate matter
(PMy and PM ) and carbon dioxide (G

Exposure

Other data Temperature, relative humidity,

References Final report: Kirchneresal. 2006. Available ahttp://www.air-

interieur.org/userdata/documentsUnited Kingdom/tudwent 1.pdf

2.1.5. ALSPAC-study

Full name

The Avon Longitudinal Study of Parentd @ildren

Time

November 1990 to February 1993

11



Leading institute University of Bristol

Environment Residential buildings

Region (countries,| United Kingdom, Avon

cities)

Study character Field investigations with measurdme

Sample size, 170 homes, selected based on the pregnancy c8888a,samples

representativeness

Agents TVOCs, formaldehyde

Exposure

Other data Family and household characteristiagrnpal occupations, other
socioeconomic factors, and frequency of use ofrfBraon household
products that contain high proportions of VOCs.

References Project web-pagevw.alspac.bris.ac.uk/
Farrow A,et al. Arch Environ Health. 2003, 58.

2.1.6. AirMex
Full name European Indoor Air Monitoring and Exp@sAssessment Study
Time 2003-2005

Leading institute
and partners

EC: JRC/IHCP, Ispra, Italy

Environment

Public buildings (town halls, guild lsg| schools and kindergartens

Region (countries,
cities)

Catania, Athens, Arnhem and Nijmegen, BrusselsahiThessaloniki,
Nicosia

Study character

Field investigations with measurgme

Sample size,

representativeness

Agents Hexane, Formaldehyde, Benzene, Acetaldefyaleene, Propanal,
Ethylbenzene, Hexanal, m/p-Xylene, o-Xylene, 1,3,5-
Trimethylbenzene, alpha-Pinene, d-Limonene

Exposure Personal measurements

Other data Outdoor concentrations

References Kotzias D. Experim Toxicol Pathol. 2095,

2.2. Other data sources

2.2.1. INDEX

Full name

Critical Appraisal of the Setting and lempentation of Indoor Exposut
Limits in the EU

Time

December 2002 - December 2004

Leading institute
and partners

European Commission, Joint Research Centre, Itsfibm Health and
Consumer Protection, Physical and Chemical Expddare(ltaly),
University of Milan Italy, National Public Healtmstitute (Finland)

Environment

Indoor in general

Region (countries,
cities)

Worldwide

12
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Study character Data survey for 1) type and leskthemicals in indoor air and 2)
available toxicological information to allow thesessment of risk to
health and comfort

Sample size,

representativeness

Agents Formaldehyde, carbon monoxide, nitrogenidepenzene,
naphthalene, acetaldehyde, toluene, xylenes, stysenmonia,
limonene and alpha-pinene

Exposure Only indoor air concentration levels

Other data Health effect thresholds

References Final repoftttp://ec.europa.eu/health/ph_projects/2002/paliuti
fp_pollution_2002_frep 02.pdf

2.2.2. THADE
Full name Towards Healthy Air in Dwellings in Eump
Time 2002-2003

Leading institute
and partners

Environment

Indoor in general

Region (countries,
cities)

Europe

Study character

Data survey

Sample size,

representativeness

Agents Tobacco smoke, indoor-generated particohatiter, carbon monoxide
carbon dioxide, formaldehyde, dust mites, pet gdas, cockroaches,
mould, pollen, nitrogen oxide, volatile organic qouoands (VOCs),
man-made mineral fibers, and radon

Exposure Only indoor air concentration levels

Other data Health effects and risks are evaluated

References Final repoftttp://www.efanet.org/activities/documents/THADE

Report.pdf

2.2.3. Radon levels in Europe

Full name

An overview of radon surveys in Europe

Time

Time varies between data

Leading institute
and partners

Joint Research Centre (JRC)

Environment

Residential buildings

Region (countries,
cities)

Europe (23 Member States of the European Uniowgdlsas Romania,
Croatia, Turkey, Norway, Switzerland, FYROM and[Sar
Montenegro)

Study character

Data survey for measurements done

Sample size, Representativeness varies between countries
representativeness

Agents Radon

Exposure Only indoor air concentration levels

13




Other data

References

Final repoftttp://radonmapping.jrc.it/fileadmin/Documents/
WorkingDocuments/EU_Reports/EUR_RADON_2005_findi.pd
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3. Indoor air pollution exposure levels & attribution to sources

3.1. Particulate matter
3.1.1. Introduction

Particulate matter (PM) is the most heterogeneayso#lution category. It consists of all air
suspended material, which in normal indoor and @utdemperatures is at least partly found
in liquid and solid phases, from inorganic miner@ssemivolatile organic compounds and
biological materials in particle sizes ranging from few nm to above 100 pm. A
comprehensive ambient or indoor air PM measuremenidd report particle count and PM
mass, elemental and/or chemical composition adhessvhole particle size distribution. This
is a very expensive undertaking and, thus, hardigr elone. As a compromise, PM is
monitored, analysed and reported as;PtM PM, 5 (ca. total mass of particles smaller than 10
or 2.5um per rof air) or UFP# (the count/number of ultrafine fides per cm of air —
depending strongly on the particle counter andsthallest particle it detects).

Since 1993 the interest on PM has increased sydegtause relatively low levels of urban
ambient air PMs has been found in increasing numbers of studiesigwificantly elevate
cardiovascular and respiratory mortality (e.g. WHZDO06). Similar findings have been
reported on the health impacts of indoor environtaeobacco smoke (ETS). Questions have
been raised about the role of indoor air PM othantETS.

Combustion
and other

3.5
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Figure 3.1.1.1. Build-up of average personal,Rkixposure in Helsinki from PM from different
sources in different micro-environments.

From a comprehensive literature review (Morawska lda 2003), ratios of indoor to outdoor
concentrations of PN and PM s (with no known indoor sources) for naturally veat#d
buildings world wide range from 0.50 to 0.98 (media70) and from 0.54 to 1.08 (median
0.91) respectively. Analysis of the composition andss relationships between the Rl
indoor air and personal exposure to respective amlair levels in the HelsinkeXPOLIS
study (Koistinenet al. 2004, Hannineret al. 2004), reveals that in ETS free occupied
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residential and occupational indoor spaces the f&¥els were, in average, ca. 89% of the
ambient air levels, that indoor concentration & BV s of ambient origin was 71% of the
respective ambient concentration, and only 20%efindoor PMswas, in average, of indoor
origin, consisting mostly of mineral dust and pHuses.

Due to the population’s time use and infiltratiom @mbient PMs into most indoor
environments ca. 90 % of the exposure to,Bbf outdoor origin occurs indoors, and the
results of the epidemiological risk assessmentiofini ambient air Pikreflect, in fact, more
indoor than outdoor exposure. Besides, the mostfsignt indoor sources of PM are tobacco
smoking and other combustion processes, and thioPikdoor origin can be considered to
be at least as harmful as the urban outdoor air Prefore, the margin of error of using
ambient air PMsrisk assessments for indoor air PNk no bigger that the margin of error in
the original assessment. This, however, may nottrbe for the PM from other than
combustion sources indoors, e.g. mineral or deterdasts.

3.1.2. Results
Table 3.1.2.1. Indoor exposures to PJdnd attribution to sources
AM” GM Median Source contributions (no ETS unless mentioned)
STUDY (ng/m3) | sGM? (Mg/m3) | Dust | Salt | LRT® | Primary | Other Indoor
(ng/m3) (%) | (%) | (%) , traffic® | (%) sources total
(%) (%)
EC Audit’
- Netherlands 72
- Denmark 88
- UK 20
- Greece 149
- France 76
- Czech Rep. 181
- Finland 51
- Norway 20
- Germany 61
EXPOLIS?
- Helsinki 12.4 8.823 | 7.6 9 [2° |25 54 4™ deter| 49 with ETS
272 | 22 | 36 | 30" gents | 33no ETS
- Athens 28.1 23.1/1.8 22.6 26| 10° | 16° 427 6° oil 22 with ETS
combust| 0 no ETS
- Basel 32.2 20.323 166 | °9 |3 |30 58 55 with ETS
1no ETS
- Grenoble 36.7 30.2/2.0 29.3
- Milan 17
- Oxford 17.0 11.9/2.2 11.0 73 with ETS
11 no ETS
- Prague 30.3 24.7/11.8 22.7 50 with ETS
6 no ETS
French IAQ? 19.1
av.2-
20.7)
THADE
- Pis& 57 ETS
- Po Deltd 63
- Athend 35.6 outdoor
- Baseﬁ5 21.0 ETS’
- Helsink? 9.5 gas
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- Pragué 34.4 applian-
ces

- Milan” 42.7 ETS
- Manchester, | 28.4 ETS
living room’

- Manchester, | 19.0

bedroon}

- Francé 22.5

- Mexico city™" | 29

- Amsterdam- | 28.6

- Helsinki'! 11.0

AAM = arithmetic mean and average concentration

® GM = geometric mean, sGM = standard deviationeafrgetric mean
€ LRT = long range transport (usually mostly secopdM)

£ Primary particles mostly from traffic and othentoustion sources

! Bluysseret al. 1996

> EXPOLIS 1999

% llacquaet al. 2007 (source attribution by structural equatiordeibing)
4 Kirchner at al. 2006

>Simoniet al. 2002

® Gotschiet al. 2002

" Maroniet al. 2002

® Geeet al. 2002

® Zmirouet al. 2002

1% Cortez-Luegat al. 2002

1 Janssemt al. 2000

12 Koistinenet al. 2004 (source attribution by source reconstruction)

3.1.3. Environmental and occupational guidelines &tandards

WHO Air Quality Guideline (WHO, 2006), which appidor outdoor as well as for indoor
air, is 20 pg/m3 for annual mean concentration bf;f?and 10 pg/m?3 for annual mean
concentration of PMs, and 50 pg/ms3 for 24 h mean concentration ofiPdmd 25 pug/ms3 for
annual mean concentration of PMThe respective first interim WHO targets (IT-1 &0
png/ms for annual mean concentration of Bléind 35 pg/ms3 for annual mean concentration of
PM,s, and 150 pg/ms3 for 24 h mean concentration offPadhd 75 pg/ms3 for annual mean
concentration of PMs. The annual IT-1 level is associated with ca. ¥8ess mortality and
the 24 h level with 5% excess acute mortality. Yeten these values are often not met
indoors, and in the presence of ETS they are migtrarely.

Occupational exposure limits have not been assigne@&U or the Finnish Occupational
Health Authorities (STM, 2007) to indoor ait Rivor PM, s or other chemically unspecific

PM metric. INDEX (2005) report does not give anydglines for PM, because the project
only dealt with specific chemicals.

3.1.4. Discussion

In the absence of indoor combustion devices andctmbsmoke, the indoor air PM levels are
normally lower than ambient air levels, containimgpre coarse mineral particles and less
secondary and combustion particles than outdooatdine same location. The contributions
of indoor sources to indoor PM levels vary fromea fpercent to about depending as much
on the indoor sources [numerator] as the level afdaor PM that penetrates indoors
[denominator].
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Indoor smoking or other indoor combustion sourcesally increase the indoor source
contribution to indoor PM levels up to ¥2 and above, when present ETS is usually the
dominating source of indoor air PM.

3.2. Environmental tobacco smoke
3.2.1. Introduction

Environmental tobacco smoke (ETS) is one of thetnmasmful of all indoor pollutants.
Burning tobacco releases a complex mixture of nmbem 4,000 chemicals found in both
vapour and particle phases. Many of these chemigal€lassified as known human toxic or
carcinogenic agents.

Exposure to tobacco smoke via active smoking isaase of lung and other cancers,
emphysema and other chronic obstructive pulmonagades, and cardiovascular and other
diseases in adults. Passive smoking can also dangecancer in otherwise healthy adults
who never smoked. Children are even more susceptibharmful effects from ETS. Infants
and young children up to three years exposed to, Bie&Sexposure causes an approximate
doubling in the incidence of pneumonia, bronchitis.

ETS results are also found in chapters 3.1 (pdatieunatter), 3.5 (benzene), and most other
chapters of specific indoor air pollutants.

3.2.2. Results

Most studies are described in Chapter 2 and tlesults given in Tables 3.2.2.1-3.2.2.2.
References for specific data in the tables arengimgable footnotes. Two American studies
are included, because the available European sesuk scarce. More data on ETS
contributions to specific indoor air pollutants cae found in tables 3.1.2.1, 3.3.1.2.1,
3.3.2.2.1,3.4.1.2.1,3.4.2.2.1,and 3.4.5.2.1.

Table 3.2.2.1 Contribution of Environmental Toba&moke to indoor air pollution

STUDY Pollutant Contribution (%) Concentration (ug/m®)
THADE Total Particulate 50-90
ust Formaldehyde 57-84 4.1-26.1
2-Butanone 44-69 0.9-5.8
Benzene 37-58 1.3-8.2
Styrene 20-69 0.5-3
Ohio® PAH 87
EOM 49
" Hodgsoret al. 1996
% Mitra et al. 1995
Table 3.2.2.2 Nicotine level of Environmental Tob@a&moke (pg/ms?)
STUDY AM/sAM * | GM/sGM | Median | Range® | Sources| Other info
(g/m) | ®(ug/m®) | (ug/im3) | (ug/im?)
Portugal’ 5.79- Discos
106.31
Austria !
154.4 487.10 Discos
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(max)
21.3/6.1 Restaurants, smoking area
23.3/15.9 Restaurants, non-smoking grea
38.0/60.6 Restaurants, without separate
smoking area
451 - Hospitals, next to smoking
(max) area
21.4/39.3 47.7 Hospitals, smoking room
F (max)
Base
0.9 Personal, co-workers smoke
0.6 Personal, spouse smokes
Prague’
1.6 Personal, co-workers and
spouse smokes
0.15 Personal, no smoking
Bremer
0.69 Personal, co-workers smoke

A AM = arithmetic mean and average concentratio sAstandard deviation of arithmetic mean
® GM = geometric mean, sGM = standard deviationeafrgetric mean

¢ Range = Minimum and maximum value

! Moshammeet al. 2004

2 Precioscet al. 2007

% Phillipset al. 1999

* Phillipset al. 1998

3.2.3. Environmental and occupational guidelines &tandards

WHO Air Quality Guidelines for Europe (2000) ackredges that ETS is carcinogenic to
humans, and gives a i@nit risk of cancer associated with lifetime ET&esure in a home
where one person smokes. ETS also causes acutdardc respiratory disease for children
in particular at levels down to 0.1 pg/m3 [nicojin€urrent occupation exposure limit in
Finland and increasing number of other countriebifis any occupational exposure to
tobacco smoke.

3.2.4. Discussion

ETS, where present, is usually the main contribtdandoor pollution levels of fine particles,
formaldehyde, benzene and polyaromatic hydrocarbamhsding nicotine.

Indoor air nicotine can be considered as the mpstiBc marker of ETS. The highest

concentrations have been found in discos, wherenit@ine concentrations show a large
variation. In the absence of physical barriers, substantial differences have been seen
between designated smoking and non-smoking areastaurants and hospitals.

3.3. Gaseous combustion products

3.3.1. Carbon monoxide

3.3.1.1. Introduction

Carbon monoxide (CO) is produced in incomplete asstibn of carbon-containing fuels.
While SGQ emissions from combustion cannot exceed the sulpbotents of the fuel, and
NOx emissions are limited by the maximum combustionperature, CO emissions from a

19



poorly controlled combustion process are only lediby the amount of carbon in the fuel. In
principle acutely lethal CO concentrations cannfanourable conditions be generated by any
combustion of a carbonaceous fuel, i.e. any fuél.ekhibits no colour, odour or pungency, it
is not detectable by senses.

Combustion of low grade solid and biofuels in a krave or fireplace generates always

high CO emissions, which may become lethal to oantg) unless the flue gases are led
outdoors via a chimney through the entire combuaspoocess. In the beginning of the

combustion particles, towards the end CO dominttespollution release. Combustion of

high grade fuels, such as natural gas, butane agape, produces much less CO, but also
these devices cause lethal CO intoxications, becthey are often not flued and if poorly

maintained or improperly adjusted also they cant é&gh CO concentrations into indoor air.

Also tobacco smoke contains high levels of CO.

Exposure to CO reduces the blood's ability to canygen, because it has ca. 200 times
higher affinity to haemoglobin than,ODepending on the amount inhaled the symptoms can
range from fatigue, headache, weakness, confudisarientation, nausea, dizziness, loss of
consciousness and death. Only ethyl alcohol caus&sirope and worldwide more lethal
intoxications than CO — almost always from indoaurses.

Children, elderly, and people with cardiovascularesses are particularly at high risk for
adverse health effects of carbon monoxide.

3.3.1.2. Results

Recent studies on indoor air CO concentrationsexipasure levels are in the Table 3.3.1.2.1.
Studies concerning accidental or peak exposuresseparated to the end of the list.
Representativeness and data quality, as well afthein which the data are presented vary
greatly between the studies, and make detailed aosgms meaningless, except when
comparing data within the same study. The genenadl$ of CO, however, vary so much
between the locations and studies, that pattemeasily discernible.

References for specific data in the table are gindable footnotes.
Table 3.3.1.2.1 Indoor levels of CO (mg/m?3)

STUDY AM/StDev | GM/GSD | Median | Range | I/O Sources Other info
(mg/m3) (mg/m3) (mg/m3) | (mg/m3) | (range)

Europe

Athens' 1.3

Athens® 4 Smoking Homes

Basel 2.0

Helsinki® 21 1.6/2.3 1.8 -15.3 [ 1.2 - 3.6| Ambient air, | Personal 24 h

gas stoves | exposures of
and ETS children

Helsinki* 1.2

Helsinki? 1.2 No ETS Homes

Pragué 0.6

Anhui? 1.6 -3

Milan ** 2.4 2.13.9 gas cooking| Homes

Milan © 1.8/1.3 1.4/2.2 0.85 None Homes
2.4/1.5 1.9/1.9 0.89 Gas cooking Homes
2.9/1.6 2.4/1.8 1.45 ETS Homes
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3.4/2.2 2.8/1.9 1.10 Gas cookingHomes
& ETS
1.9/1.7 1.4/2.2 1.0 None Offices
1.6/1.2 1.2/2.0 1.0 ETS Offices (*
2.5/2.2 1.8/2.4 1.19 None Other indoor
6.52.5 6.21.4 2.95 Gas cooking  Other indoor
3.52.9 2.8/1.9 2.19 ETS Other indoor
UK’ 0.2-2.7 Homes
England® 0.4
UK National 0.3 All-electric | Home kitchen
survey’
0.8 Gas oven/ | Home kitchen
cooking
0.9 Unflued Home kitchen
heater
0.7 ETS Bedroom
0.4 No ETS Bedroom
0.3 Rural
0.4 Suburban
0.5 Urban
0.7 City centre
Spring 0.3 All homes
Summer 0.2 All homes
Autumn 0.5 All homes
Winter 0.5 All homes
London™ 1.9 -2.7 1.1 Marylebond Lounge
rd.
2.3 -7.6 14 Gas cooking| Kitchen
2.0 -3.6 1.2 smoking Kitchen
London™ 0.05— | 0.2— | Busystreet | Office bldg.
0.6 4.1 15 min averages
Oxford *2 1.1 0.5/3.9 No smoking | Personal
1.0/2.3 smoking exposure
French IAQ 2.0 (1.6- Main rooms 95%
Observatory*® 15.2) 13.2(9.5-15.2)
3.9 (3.0-| -53..120 Other rooms 95%
4.7) 21.1(14.4-36.3)
Accidental / peak exposure cases studies
WHO™ 60-115 Homes
(peak)
UK® 10-182 Homes
(peak)
Uk™ 121 Homes
(peak)
6-49 Homes
(peak)
3.5-4 all-electric
(peak) homes
60 Homes
(peak)
Virginia, USAY COHb Portable Case studies on
% electric CO poisoning
6.6 - 50 generators
Ice rink in > 140 CoHB Ice Case study of a Cd
Finland"® % resurfacing | Poisoning epid.
8-24 machine
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Camping tent® CoHB % 200 — Kerosene | Experiment
21.5/2.4 550 cooking
@ 120 min stove

*) problem in the self reported exposures in the 10 Ditmitroulopoulouet al. 2006

offices analysed in ref. 28 11 Milneret al. 2006

1 Maroniet al. 2002 12 Laiet al. 2004

2 Georgouliset al. 2002 13 Kirchneret al. 2006

3 Alm et al. 2001 14 WHO. 2000

4 Panet al. 2002 15 IEH 1998

5 Maroniet al. 1996 16 Ross et al .1996

6 Bruinen de Bruiret al. 2004 17 Hampson & Zmaeff, 2005

7 Ross 1996 18 Saloneret al. 2008

8 Rawet al. 2002 19 Thomassest al. 2004

9 Rawet al. 2004

3.3.1.3._Environmental and occupational guideli®estandards
The WHO Air Quality Guideline (WHO, 2000) for CO razentration in indoor as well as
outdoor air is 30 mg/ffor 1 h average and 10 mgliior 8 h average concentration. INDEX
(2005) Report supports these same guideline vatunesfurther recommends to:

* Apply the indoor air concentration guideline in theilding and ventilation design
process, considering the possibility of excessigkeases from the sources to be
installed.

e Develop building codes, ventilation standards aqdiment/appliance standards so
that they require all indoor combustion equipmend texhaust into
chimneys/hoods/vents leading outdoors.

* Require standardised information CO emission untended use for all combustion
devices which do not exhaust directly into a chiynne

* Require regular mandatory inspections for indoanlocostion equipment.

* Recommend alarm systems responding to abnormajlydoncentrations.

 Raise public awareness about the risks of indoor GD, and provide public
information about its sources, risks and reasonsuspecting high CO levels.

As an example of occupational exposure limit valties Finnish HTP values to carbon
monoxide are 35 mg/m?3 (8 h average) and 87 mg/nih peak value) (HTP-values, 2007).

3.3.1.4._ Discussion

In the absence of indoor sources the current indoo€O concentrations in European cities
are only small fractions of the existing air qualjuidelines and standards. Still in the 50’s
and 60’s the urban air CO levels often approacimeddesen exceeded these reference values,
but drastic reductions in the emissions from spgeeing and traffic have brought the levels
down by an order of magnitude in spite of the graywities and increasing traffic.

The highest reported non-accidental CO levels aserwed in public or residential garages
and primitive kitchens. Aside of cooking or heatwgh open fire, the common sources for
elevated indoor air CO concentrations are unvegisl appliances, tobacco smoking and
proximity to busy traffic. The lowest concentratsoare found in homes, churches and schools
at distance from busy traffic and with no indoouses.
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Short time peak concentrations often exceed 100nhgind have been published in a few
cases. The results are non-representative andovarya wide range (e.g. IEH 1998, El Fadel
et al. 2001, Rost al. 1996). CO intoxications are mostly caused by aadialy induced or
repetitively generated high short term peaks, whak hardly ever captured in any
monitoring programmes. Sometimes the intoxicatingcentrations can be estimated from
the blood COHb levels measured from the victimg. (Hampson & Zmaeff, 2007, Salonen

al. 2008), and such values have also been regeneeeerimentally to evaluate the
incidences (e.g. Thomassetnal. 2004, Salonewet al. 2008). These values may reach several
hundred mg/m

CO is an almost inert gas in the ambient air withaspheric half life in the order of a month.
CO is not absorbed by building materials or vetialasystem filters and it is essentially non-
reactive with the other outdoor and indoor air walhts. In principle, therefore, in the
absence of any indoor CO source the indoor air @@centration is the same as the
concentration of the ventilated incoming outdoar, and its minimum 1/O ratio is 1.0. In

practice the measured I/O concentration ratio€forvary for two reasons.

- Small scale non-homogeneity of the outdoor air @@centration, i.e. the outdoor air
CO concentration at the point of measurement magidpaficantly higher or lower
than the outdoor air CO concentration at the pahtventilation air intake.
Consequently, even in the absence of any indoacesuhe 15 min I/O for CO varies
from 0.2 to 4.1, and the daily I/O from 0.4 to 1.2.

- Normal indoor sources, gas appliances and tobatwkiag increase the I/O ratios
respectively up to 1.5 for ETS and up to 4 for gppliances. Faulty or improperly
operated indoor combustion devices may increasenttwor concentrations to orders
of magnitude above the outdoor concentrationshésé situations I/O ratio is no more
a meaningful concept.

3.3.2. Nitrogen dioxide

3.3.2.1. Introduction

Nitrogen dioxide (NQ@) is one of the nitrogen oxides (N a group of air pollutants
produced from combustion processes. Indoor, MOproduced mainly by unvented heaters
and gas stoves but it also can be found in enviesnah tobacco smoke. It irritates the
mucous membranes in the eye, nose and throat aisg@ahortness of breath after exposure
to high concentrations. Prolonged exposure to heykels of NQ can damage respiratory
tissue and may lead to chronic bronchitis.

3.3.2.2. Results

Most studies are described in Chapter 2 and tksiflts given in Table 3.3.2.2.1. References
for specific data in the table are given in taldethotes.

Table 3.3.2.2.1. Levels of NQug/m?)

STUDY AM/sAM | GM/sGM | Median | Rangée” Sources Other info
A (ugim?) | ® (ugim®) | (ug/m3) | (ug/m?3)
HEAL gas cooker (10-30
(Hungary) * %), gas heating
(21-39 %), tobaccd
smoke (11-13 %)
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- Gyor 25 no indoor
sources
- Sopron 8 no indoor
sources
6 TOWNS® 32 no gas
appliances
78 gas cooker
154 gas cooker and
heater
ZUGLO* 58,6 /44,6 central heating
84,8/52,2 gas heater
47,6/31,6
SZBATTA- 5-100 class rooms
BUDAORS®
5-130 homes
3 TOWNS® 37,9/41
BUDAPEST 8-34 no indoor
SCHOOLS sources
THADE 26,3
- Pisd
- Po Deltd 34,8
- Genod 47 kitchen
24,8 bedroom
- UK? 21,8 kitchen
11,9 bedroom
- UK 20,3 bedroom
27,2 living room
- Francé' 36,1
- West 17
Germany”
- East 15
Germany”
- Francé’ 41
- Japaff 47,8
- Australid® 11,6
- Hong Kong°® 91,6 kitchen
61 bedroom
- Switzerland’ 21
- Kuopic™® 10,34
- Kjeller *® 14,66
- Genevé® 15,6
- Erfurt™ 16,97
- Ottawd'® 20,12
- Berlin®® 23,12
- Zagrep® 31,58
- Bostort® 36,1
- London'® 40,42
- Sappord® 43,43
- Philippines® 45,12
- Beijing™® 47,75
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- Sosnowied® 64,67
- Taejon™® 72,76
- Bombay*® 76,7
- Tokushimd?® 78,77
- Seouf® 71,22
- Mexico City™ 117,88
- Swedelf 11,0 urban area
6,0 control area
- New Mexicd® 63,9 kitchen
54,5 living room
39,5 bedroom
EXPOLIS- 125 no indoor sourcg
INDEX
50.25 gas appliances
- Helsinki 18
- Basel 27
- Pragué’ 43
- UK 21.80 13-40
INDEX 180-2500
(max)
-ECRHS I 25-200 homes with gas
study cooking
- Po Deltd 62 kitchens in
winter
38 kitchens in
summer
- Spanish study 12,5-14,7
- Levy*® 10-81
- COMEAP? 13-40 homes without
gas stove
25-70 homes with gas
stove
- Portagé 18 gas stove above outdoor
level
36 gas stove above outdoor
level
- Bostort” 10 above homes
with electric
stove
- Los Angele§’ 5 above homes
with electric
stove

1 Rudnaiet al. 1993b

2 Quackenbosst al. 1986

% paldyet al. 1999

4 Rudnaiet al. 1993

® Hiilsseet al. 1989
® Viraghet al. 2004

" Simoniet al. 2002
8 Gallelli et al. 2002
° Cowardet al. 2002

10 Geeet al. 2002

11 Zmirouet al. 2002

2 Cyryset al. 2000
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13 Saintotet al. 2000

1% Shimaet al. 2000

15 Garrettet al. 1999

% eunget al. 1998

" Monnet al. 1998

8 evyetal. 1998

!9 Hagenbjork-Gustaffsoet al. 1996
20| ambertet al. 1993

I Garcia-Algaret al. 2003
22 COMEAP 1997

2 Kousaet al. 2001

4 Ryanet al. 1989

3.3.2.3. Environmental and occupational guideli®esandards

The WHO guideline values to NQapplicable to indoor as well as outdoor air 808 gg/ms3
(1 hour) and 40 pg/m?3 (annual average) (WHO, 200E)EX (2005) Report supports these
guideline values and further recommends to:

* Apply the indoor air concentration guideline in theilding and ventilation design
process.

e Develop building codes, ventilation standards andimment/appliance standards
(design, maintenance and use) so that all indoorbagtion equipment will exhaust
into chimneys/hoods/vents leading outdoors.

* Require standardised NO2 emission information nfammal use and extreme release
- about all combustion devices which do not exhdusttly into a chimney.

* Provide public information about the sources, rigksl means of controlling NO2
indoors.

Finnish occupational exposure limits to nitrogeaxitle are 5.7 mg/m3 (8 h average) and 11
mg/m3 (HTP-values, 2007). Directive 2000/39/EC doest specify any European
occupational exposure limit value for MO

3.3.2.4. Discussion

Gas cookers and gas heaters without exhaust haodieay important sources of NO
Consequently higher exposure was experiencedgheiis than bedrooms and living rooms.

NO, concentration showed notable geographical difieeen This is probably due to the
different customs and circumstances. For instaifcexhaust pipe of the gas heater is
conducted to the outdoor air just under the windditthe combustion products can easily re-
enter the room resulting the N@vel.

Opened windows in summer can contribute to bettayuality in the kitchen.

Outside NQ concentration played a secondary role in formadibimdoor NQ level.

Many of the reported N©values were close or exceeded the WHO annual gedirait value

(40 ng/m3). As a conclusion we can say that indmorcentrations of NOcan cause adverse
health effects especially to sensitive population.
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3.4. Gaseous and volatile organic compounds

3.4.1. Formaldehyde

3.4.1.1. Introduction

Formaldehyde was the first air pollutant, whichealty in the 1970's emerged as a
specifically non-industrial indoor air quality piem. Formaldehyde as an indoor air quality
problem emerged from the use of the easily ap@iedl cheap urea-formaldehyde insulation
(UFI) to conserve energy in buildings in the aftatinof the first mid and late 1970’s energy
crisis. Indoor air pollution studies soon detectddo the urea-formaldehyde resin in
chipboards, quite widely used building materiatsbbth products formaldehyde is a slowly
releasing component in an unstable product. UFlwag soon banned, and the chipboard
resins were changed to formaldehyde free alterestiVet formaldehyde remained an indoor
air quality issue; on one side it was found to b# seleased from natural fresh wood

materials, some interior textile treatment chensicaid in smaller quantities from numerous
other household and office products, on the otlte, $t was classified by IARC as a human
carcinogen. Still today the levels of formaldehyderesidential indoor air are among the
highest of any indoor air contaminant.

Concentration of 0.2 ppm is known to cause nasalege irritation to humans (Andersen and
Mglhave, 1983) and 0.12 ppm problems with shomtemremory (Bactet al., 1990). The
OAEL for acute exposure with serious effects isgpf (Cassee and Feron, 1994).

In chronic exposure 5.6 ppm causes significanttiuced survival among rats (Swenbetg
al. 1980, Kernset al. 1983). The LOAEL of chronic exposure with lessi@gs symptoms is
calculated to be 0.24 ppm (Holmstraal. 1989). The LOAEL of chronic exposure with
serious symptoms is 5.6 ppm (Swenbetrgl. 1980, Kerngt al. 1983).

3.4.1.2._Results
Results for Formaldehyde measurements are listédhte 3.4.1.2.1.

Table 3.4.1.2.1. Indoor exposures to formaldehyukatribution to sources

STUDY AM/sAM* | GM/sGM ® | Median | Rangé Sources Other info
(ng/m?3) (Mg/m3) | (ug/m®) | (Hg/md)

EC Audit

GerES

- Survey 58.6 49.4/1.9 309

1985/86 (max)

- Survey 79 816

1991/92 (max)

EXPOLIS’ tobacco smoke,
insulation, chipboard,
plywood, paints,
fabrics, cleaning
agents, disinfectants,
particle board

-Helsinki" 44.8 25.7 1.5-

217.5
French 19.6 86.3 | photochemicals,
IAQ?® (18.4- (max) | particle boards, fibre
21.0) boards, unfinished
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wood boards, new
books and magazines
upholstery fabrics,
paint, tobacco smoke,
photocopiers
ALSPAC Building material,
furnishing
25/21 1-205 main bedroom
23/17 1-181 living room
AirMex
INDEX® 10125 0bacco smoke
insulation materials,
particle board,
plywood, paints,
fabrics, cleaning
agents, disinfectants,
pesticides, paper
products, adhesives,
plastic surfaces,
building materials, gag
cookers, open
fireplaces
7-79 indoor
12 workplace
THADE " tobacco smoke,
combustion, particle
board and plywood
products, urea-
formaldehyde
insulation
- Japah 91.25 -
290
- UK® 22.2 (195 -
26.1)
- Australid 15.8 139
(max)
- Louisiana, <LOQ-
USA® 6.6
- USA® <LOQ@-
575

AAM = arithmetic mean and average concentration, sA8tandard deviation of arithmetic mean
® GM = geometric mean, sGM = standard deviationeafrgetric mean

¢ Range = minimum and maximum value

P LOQ = limit of quantification

1 Jurvelinet al. 2001
2 Minami et al. 2002
3 Brownet al. 2002a
4 Garretet al. 1999

® Lemuset al. 1998
®Liuetal. 1991
"EXPOLIS 1999

8 INDEX 2005

% Kircheret al. 2006
O\WHO 1989

1 COMEAP 1997
12 Jurvelinet al. 2001
B EPA/Cal 2003

¥ THADE 2004
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3.4.1.3. Environmental and occupational quidelifetandards

WHO (2000) guideline to prevent significant sensionyation of formaldehyde in the general
population is 100ug/m® as 30-minute average exposure. The no-effect Igamite and
chronic) is estimated to be at 8§/m® as 30-minute average exposure. Pending the outcome
of the current IARC revision of the carcinogeniafyformaldehyde, a guideline value should
be as low as reasonably achievable. The INDEX (RB@&port further recommends to:
« Minimise the emissions of formaldehyde from builglimmaterials, products,
furnishings and household/office chemicals.
* Require product labelling to inform about Formalgdd content and potential
formaldehyde release from household and buildioglypcts
« Discourage the use of any formaldehyde containmogduycrcts.
» Raise public awareness and provide informatiomégpublic about the sources, nature
and levels of risks of formaldehyde in indoor air.

The Finnish occupational exposure guidelines fomfiidehyde are 0.37 mginfor 8 h and
1.2 mg/ni for 15 min exposure time (STM, 2007). DirectiveD@BI/EC does not specify any
European occupational exposure limit value for falaehyde.

3.4.1.4. Discussion

Data for population representative indoor air foldeayde measurements in European level
are quite scarce considering that formaldehydenésimdoor air pollutant which has been
acknowledged and measured for decades and broadigsaEurope. It remains one of the
most common indoor air pollutants with verified scand chronic health effects.

Building materials and furniture are the main sesrof formaldehyde and the maximum
values measured indoors vary quite a lot, as casek@ when comparing results between
Germany (GerEs study) and France (IAQ-study). Sofimine maximum values exceed the
occupational exposure limit (8 h average). Sevefathe maximum values exceed the
LOAELs of both less serious symptoms in acute amebrdc exposure, possible causing
irritation to eyes and nose and memory problemseEaances of both the WHO (2000) and
INDEX (2005) guideline values appear to be quitencwn.

3.4.2. Benzene

3.4.2.1. Introduction

Benzene as an indoor air pollutant originate prilpdrom outdoor air, indoor combustion
processes, primarily tobacco smoking, and from staulenical solvents, where it can still be
found as an impurity.

Benzene is a human carcinogen, and its concentrationdoor air should be kept as low as
reasonably achievable. The acute inhalation LC50bfnzene is 13 700 ppm (Drew and
Fouts, 1974). Acute inhalation exposure LOAEL is gfm for less serious symptoms
(Demster and Snyder, 1991) and 21 ppm for serigopoms (Toftet al., 1982). For chronic
exposure 200 ppm adds mortality of rats (Maltehial., 1982). For humans calculated
chronic LOAEL for less serious symptoms is 0.57 pfian et al., 2004). Because of the
carcinogenicity, however, much lower levels of bemme in indoor (and outdoor) air are
considered a health hazard. Chronic exposure fanl gf benzene is considered sufficient to
cause cancer to humans (Aksawl., 1987).
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3.4.2.2. Results
Results for Benzene measurements are presentebla 3.4.2.2.1.

Table 3.4.2.2.1. Indoor exposures to benzene drildugiton to sources

STUDY AM/sAM * | GM/sGM B | Median | Rang€ Sources’ Other info
(ng/md) (ng/m3) (Hg/m3) (ng/md) (indoor contrib%)
GerES Il ° 13.5 10.5 11 5-32
EXPOLIS®
- Oxford 6.64 3.29/2.75 2.86 35 with ETS home
Ono ETS
- Athens 11.1 2.2 8.6 10 with ETS home
Ono ETS
13.7 2.5 13.8 workplace
- Basel 3.0 2.4/2.2 2.7 50.0 home
7.8 2.712.7 2.5 workplace
- Helsinki 2.2 1.6/2.4 1.9 39 with ETS home
12 no ETS
3.8 1.8/2.6 2.1 workplace
- Milan 13.2 9.1/2.6 9.7 home
14 9.9/2.6 9.8 workplace
- Prague 12.0 8.2/2.0 8.1 43 with ETS home
39 no ETS
9.4 8.2/1.7 8.6 workplace
PEOPLE®
- Brussels 6 2-33 home
3 1-14 office
2 0-28 school
- Bucharest 8 3-24 home
10.5 5-19 office
5 school
- Dublin 1.6 1.1-55 home
1.6 0.9-1.7 office
2.6 1.0-2.5 school
- Lisbon 35 1-9 home
6 3-11.5 office
4.5 0.2-11.5 school
- Ljubljana 2.5 1.2-4.8 home
3.6 2.5-12 office
2.5 1.8-7 school
- Madrid 55 2.5-23 home
7.5 5-16.5 office
6 school
French IAQ’ 2.1 (1.9- 22.8 | combustion,
2.2) (max) gasoline vapours,
tobacco smoke, dot
it-yourself
products, furniture,
construction and
decoration
products, incense
AirMex " 2.9-63.7
INDEX® 891%Consumer

products, outdoor

sources, fuel
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component,
tobacco smoke

2-13 indoor

4-14 workplace

THADE

- UK? 3.0

- East- 2173
Germany

- West- 1.48
Germany

- Italy” 21.2

A AM = arithmetic mean and average concentratioM sAstandard deviation of arithmetic mean
® GM = geometric mean, sGM = standard deviationeafrgetric mean
¢ Range = Minimum and maximum value

® Indoor sources include ETS

! Public buildings

Z Brownet al. 2002b

% Schneidekt al. 2001

4 Carreret al. 2000

> EXPOLIS 1999

6 Ballesteaet al. 2006

" Kirchner at al. 2006

"INDEX 2005

® ATSDR 1991

° Hoffmanet al. 2000

2 Wallace 1989

3.4.2.3. Environmental and occupational guideli®@etsandards

Benzene is a IARC classified category 1 known huwenginogen, and its concentration in
indoor air should, therefore, be kept as low asarably achievable. EU outdoor air quality
directive sets 5 pg/ms3 as an annual mean limitevédu benzene. WHO Air Quality Guideline
for Europe does not give benzene a guideline vdluejnstead a lifetime leukemia risk of
6x10° per 1 pg/m3. INDEX (2006) Report requires thabiodexposure to benzene should be
kept as low as reasonably achievable, and reconsrfaritier to:
* Ban any sources emitting benzene in the indoorenwient.
* Lower the permissible benzene content in any kugldmaterial and consumer
product, and report about known benzene levelsvatem below permissible levels.
» Raise public awareness and provide informatiomégpublic about the sources, nature
and levels of risks of benzene in indoor air.

Finnish occupational health limit for benzene ipdm or 3.25 mg/m3 (8 h average) (HTP-
values, 2007). Directive 2000/39/EC does not speaify European occupational exposure
limit value for benzene.

3.4.2.4. Discussion

When comparing the measured indoor air benzene eotrations to LOAELs and
occupational exposure limit, one can see that BAEL of less serious chronic symptoms is
about 80 times bigger that measured maximum coratet.
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3.4.3. Naphthalene

3.4.3.1._Introduction
Outdoor sources are the main origin of indoor naplene, but the highest indoor
concentrations — sometimes orders of magnitude ealblo® outdoor air levels comes from
consumer products, such as multipurpose solveaksijchnts, herbicides, charcoal lighter,
and hair spray, tobacco smoke, and — most impdytanfrom naphthalene insect repellents,
the moth balls, used to protect textiles storedans in closets.

The LOAEL is 10 ppm causing less serious effectaaate exposure (West al., 2001) and
cancer in chronic exposure (Abdpal. 2001).

3.4.3.2._Results
Table 3.4.3.2.1. Indoor exposures to naphthaledetribution to sources

STUDY AM/sAM * | GM/sGM B | Median | Rangé€ Sources Other info
(ng/m3) (ug/md) (ug/m3) | (ug/m3) | (indoor contrib. %
at 90" percentile)
GerES' 2.3 2.1
EXPOLIS? ®plasticizers, resins,
phthaleins, dyes,
pharmaceuticals,
moth repellents and
insecticides, paints,
dyes, deodorizers
- Oxford 1,3 1.0 21 Home
- Helsinki 0.6 0.5 3.3 Home
- Basel 0.7 0.6 27 Home
- Athens 82 22 98 Home
7.5 1.7 4.3 workplace
®1.7 - indoor
990
- Milan 20.1 2.1/2.7 2.0 73 Home
2.2 1.7/2.2 1.7 workplace
- Prague 2.0 1.6 62 Home
2.2 2.0/1.6 1.7 workplace
INDEX® >®moth repellents,
fungicides,
lubricants,
preservatives,
topical antiseptics
1-90 indoor
2-8 workplace
European 6.5 4.3 -68.5 50 office
offices’ buildings

A AM = arithmetic mean and average concentratioM sAstandard deviation of arithmetic mean
B GM = geometric mean, sGM = standard deviationemfrgetric mean
¢ Range = Minimum and maximum value

' Hoffmanet al. 2000

>EXPOLIS 1999

* INDEX 2005

* Zuraimiet al. 2006

° EPA/Cal 2003

°® HSDB 2003

" Edwardset al. 2004

® ATSDR 1995
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3.4.3.3._Environmental and occupational guideli®@esandards

EU does not provide ambient air quality limits, adHO does not provide air quality
guidelines for naphthalene. INDEX (2005) Reporbramends a long term guideline value of
10 pg/m® based on irritation/inflammation/hyperplasia. Thisel is at the lower extreme of
the olfactory perception range. The report furtieeommends to:
- Restrict the use of naphthalene containing houslghmlducts, particularly mothballs.
- Raise public awareness about the sources, riskansnef detecting and avoiding
naphthalene in indoor air.

Finnish occupational exposure limits are for 8 lerage, 5 mg/m3 and for 15 min peak
exposure 10 mg/m3 (HTP-values, 2007). Directive@B®EC does not specify any European
occupational exposure limit value for naphthalene.

3.4.3.4 Discussion

Measured Naphthalene concentrations are basicadljalle only from EXPOLIS study, so

there are not that much data available to do amgpcehensive conclusions. In general,
average levels of Naphthalene are well below tradtihesffect level, yet, occasionally, and
specifically in connection to moth ball use thedisvcan be very high and of clear health
concern for individuals with haemolytic anaemia.

3.4.4. Terpenes

3.4.4.1. Introduction

Terpenes are widespread in nature, mainly in plastsonstituents of essential oils. Many
terpenes are hydrocarbons, but oxygen-containingpoonds such as alcohols, aldehydes or
ketones (terpenoids) are also found. Their buildilogk is the hydrocarbon isoprene and they
are classified according to the number of isopramts. Although terpenes themselves are not
considered toxic, some recent studies have shoatritiay may react with ozone to produce a
number of toxic compounds. Irritating effects ale tmain health effects associated to
terpenes.

3.4.4.2. Results
Table 3.4.4.2.1 Indoor exposures to terpenes dridwion to sources

STUDY AM/sAM | GM/sGM | Median | Rangée” Sources Other info
Aug/m3) | Bug/m3) | (ug/m3) | (ug/m?) (indoor contrib. %)
GerES | 41.2 27.712.4 362 a-pinene -
Survey 1985/86 (max) pinene -
terpinene,
limonene
EXPOLIS®
- Oxford
- a-Pinene 37.04 11.04/3.24 7.73 Zair refresher, detergentd, home
fragrances, waxes,
polishes
- d-Limonene 19.64 9.32/3.61 9.79 Zair refresher, detergents, home
fragrances, cleaning
products, soaps, colognes
60
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- 3-Carene 4.98 2.83/2.74 2.37 “air refresher, detergentg, home
fragrances
75
- Athens
- a-Pinene 114 2.1 8.3 80 home
17.4 1.7 3.2 workplace
- d-Limonene 82.5 3.4 22.8 98 home
14.4 2.3 11.0 workplace
- 3-Carene 2.8 0.764 2.4 72 home
3.1 1.0 1.0 workplace
- Basel
- a-Pinene 4.1 1.8 37 94 home
workplace
- d-Limonene 98 home
workplace
- 3-Carene 66 home
workplace
- Helsinki
- a-Pinene 15.9 9.0/2.8 8.9 85 home
4.7 1.9/3.4 1.9 workplace
- d-Limonene 31.5 11.6/3.9 10.6 97 home
13.8 2.7/14.3 2.6 workplace
- 3-Carene 5.6 2.6/3.6 2.8 87 home
1.6 <LOQ® | <LOQP workplace
/2.5
- Milan
- a-Pinene 14.5 3.5/4.2 3.1 34 home
1.3 0.8/2.3 | <LOQ workplace
- d-Limonene 46.6 12.1/5.2 124 49 home
10.5 4.1/4.6 4.8 workplace
- 3-Carene 2.2 0.7/27] <LOY home
0.5 0.5/1.2 | <LOQ workplace
- Prague
- a-Pinene 11.9 6.0/3.0 5.1 61 home
4.8 3.5/2.1 3.7 workplace
- d-Limonene 42.2 16.0/3.7 18.8 90 home
23.1 10.1/3.2 8.1 workplace
- 3-Carene 8.0 3.4/3.4 3.1 18 home
2.1 1.9/1.8 2.2 workplace
INDEX®
- a-Pinene 11-23 | **paint, cleaning and indoor
1-17 | sanitation products, paint workplace
and varnish removers,
waterproofing
compounds, wood
furniture, waxes
- Limonene 6-83 food, cleaning products| indoor
11-23 | perfumes, solvents workplace

A AM = arithmetic mean and average concentratioM sAstandard deviation of arithmetic mean
B GM = geometric mean, sGM = standard deviationemfrgetric mean
¢ Range = minimum and maximum value

P LOQ = limit of quantification

LEXPOLIS 1999

2 Niewenhuijseret al.

3 INDEX 2005
4 HSDB 2003

® Maroniet al. 1995
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3.4.4.3._Environmental and occupational guideli®estandards
There are no inhalation toxicological data avagadbout terpenes. The Finnish occupational
exposure limits to d-Limonene are: 8 h averagep@s or 140 mg/m3, 15 min peak value, 50
ppm or 280 mg/m?3 (HTP-values, 2007).

3.4.4.4. Discussion

Consumer products are the main sources of tergani@sloor air. D-Limonene is the most
common of the terpenes in indoor air and it's maiokiginating from air refresher,
detergents, fragrances and cleaning products, tioterly added to the products to give a
“fresh lemon scent”. The monitored indoor air cartcations are low and far below the
occupational exposure limits.

3.4.5. Other VOCs

3.4.5.1. Introduction

VOCs are one of the most commonly measured comgowhen studying indoor air and this
is because of their abundance. VOC's are often us@aint, carpet backing, plastics, and
cosmetics. The United States Environmental PratectAgency (EPA) has found
concentrations of VOCs in indoor air to be 2 tarbess greater than in outdoor air. During
certain activities indoor levels of VOCs may red¢b00 times that of the outside air.

Toxicity varies among different VOC compounds, fartexample LC50 for toluene is 5320
ppm (Svirbelyet al., 1943), 4/30 rats died during week’s exposure ppth m-xylene
(Ungvaryet al., 1980) and LOAEL of n-hexane (acute exposure sghous effects) is 5000
ppm (Mastet al., 1987 and 1988; De Martirah al., 1987). 75 ppm acute exposure to toluene
is enough to cause neurological symptoms in hun{&adlseverriaet al., 1991) and 266 ppm
exposure abortions to rabbits (Ungvary and Tatr@85). LOAEL of acute exposure with less
serious effects for n-hexane is 1000 ppm (Bud., 1979; Mastt al., 1987) and for xylene it

is 50 ppm (Ernstgare al., 2002).

For chronic exposure LOAEL for toluene is 29 ppml&ss serious effects (Svenssbral.,
1992). Chronic exposure to toluene (88 ppm) in@eapontaneous abortions among humans
(Ng et al., 1992) and 2.5 ppm increases susceptibility teatidbns among mouse (Arangti

al., 1985). Chronic exposure LOAEL (less serious é¢ffefor xylenes is 14 ppm (Uchid&

al., 1993) and calculated chronic exposure LOAEL (s=sous effects) for n-hexane is 58
ppm (Sanaget al., 1980).

3.4.5.2. Results
Table 3.4.5.2.1. Indoor exposures to VOCs andoatinn to sources

STUDY AM/sAM | GM/sGM® | Median | Rangeé” | Sources Other info
"ug/m3) | (ug/m3) | (ugim®) | (ugimd)

EC Audit * outdoor Office buildings
sources,
tobacco
smoke,
building
materials,
furnishing,
consumer
products,
equipment

35



- Netherlands, Total 179
VOC

- Denmark, Total 135
VOC

- United Kingdom, 436
Total VOC

- Greece, Total VOC 495
- France, Total VOC 413
- Czech Republic, 518
Total VOC

- Finland, Total 118
VOC

- Norway, Total 528
VOC

- Germany, Total 146
VOC

GerES?

- Total VOC 401 336 /1.8 2665

(max)

- n-Alkanes 70.0 54.3/2.0 498 n-hexane, n-heptane, n-

(max) octane, n-nonane, n-
decane, n-undecane, n-
dodecane, n-tridecane

- Iso-Alkanes 31.9 25.9/1.8 293 isohexanes, isoheptane

(max) isooctanes, isononanes

- Cycloalkanes 19.1 13.8 /2.0 667 methylcyclopentane,

(max) cyclohexane,

methylcyclohexane
- Carbonyls 25.9 20.3/1.9 347 ethylacetate, n-

(max) butylacetate,
isobutylacetate, methyl
ethyl ketone, 4-methyl-
2-pentanone, hexanal

- Alcohols 6.1 5.2/1.7 56 n-butanol, isobutanol,
(max) isoamylalcohol, 2-
ethylhexanol
- Aromatic 165.7 133.9/1.9 1773 benzene, toluene,
compounds (max) ethylbenzene, m-xylene
p-xylene, o-xylene,
isopropylbenzene, n-
propylbenzene, styrene,
2-ethyltoluene, 3-
ethyltoluene, 4-
ethyltoluene, 1,2,3-
trimethylbenzene, 1,2,4-
trimethylbenzene,
naphthalene
- Chlorinated 41.7 22.2/2.4 1631 1,1,1-tricholroethane,
compounds (max) trichloroethylene,
tetrachloroethylene, 1,4
dichlorobenzene
EXPOLIS® VOC:
combustion
, tobacco
smoke,
wood and
particleboar
d, building
materials,
cleaning

36



and
maintenanc
e products
- Oxford
- Total VOC 331.96 | 183.70/2.40 147.59 home
- Hexane 17.90 5.12/3.07 3.56 °Alkanes, home
alkenes:
combustion
%400 — work place
900
(max)
- Nonane 6.41 2.90/2.87 2.46 home
- Decane 19.11 5.89/3.82 3.89 home
- Undecane 7.35 3.78/2.92 3.66 home
- Cyclohexane 3.38 4.16/2.44 3.06 home
- Toluene 39.13 14.48/3.66 11.17 home
- Ethylbenzene 3.76 2.23/2.2( 1.67 *traffic home
emissions,
paints,
lacquers,
printing
inks
- m,p-Xylene 12.06 5.97/2.59 4.87 *traffic home
emissions,
paints,
lacquers,
printing
inks
- 0-Xylene 6.43 3.68/2.28 2.89 *traffic home
emissions,
paints,
lacquers,
printing
inks
- Styrene 3.55 2.17/2.26 1.62 home
- Propylbenzene 4.97 1.71/3.2y 1.01 home
: 13.31 6.18/2.97 4.46 *traffic home
Trimethylbenzenes emissions,
paints,
lacquers,
printing
inks
- 2-Methyl-1- 3.22 2.03/2.06 1.75 home
propanol
- 1-Butanol 13.19 2.65/3.17 1.85 ®plastics home
- 2-Ethylhexanol 13.37 4.76/2.69 3.49 home
- Phenol 7.34 4.57/2.13 3.79 home
- 1-Octanol 4.84 3.06/2.08 2.56 home
- 2-Buthoxyethanol 8.73 4.66/2.42 3.52 home
- Hexanal 17.01 8.22/2.32 6.32 home
- Oxford, home, 17.48 6.46/3.55 6.32 home
Benzaldehyde
- Octanal 8.81 4.74/2.18 5.20 home
- Trichloroethene 4.44 2.61/2.22 4.03 home
- Tetrachloroethene 4.66 2.42/2.3b 2.1( home
©1,1,2- 3.80 2.39/2.06 1.93 home
Trichloroethane
- 1-Methyl-2- 11.13 6.81/2.19 2.07 home
pyrrolidinone
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- Athens

- Nonane 5.6 1.4 4.0 home
6.9 1.5 3.7 workplace
- Decane 13.8 2.3 9.6 home
14.0 1.9 5.5 workplace
- Undecane 6.8 1.6 5.1 home
8.5 1.6 1.2 workplace
- Cyclohexane 4.6 1.4 3.6 home
7.3 1.7 1.9 workplace
- Ethylbenzene 7.7 1.9 6.9 home
54.1 2.3 8.1 workplace
- m,p-Xylene 24.0 3.0 21.8 home
121.2 3.4 26.2 workplace
- 0-Xylene 8.3 1.9 2.0 home
28.7 2.3 9.1 workplace
- Styrene 2.4 2.2 home
7.1 1.3 3.1 workplace
- Propylbenzene 3.1 3.0 home
4.1 1.2 3.2 workplace
: 18.2 2.7 16.1 home
Trimethylbenzenes
19.4 2.6 16.6 workplace
- 2-Methyl-1- 7.0 1.8 5.8 home
propanol
6.9 1.7 5.5 workplace
- 2-Ethylhexanol 3.6 1.1 2.9 home
3.9 1.3 2.9 workplace
- Phenol 25.5 3.3 home
9.8 workplace
- 2-Buthoxyethanol 14.8 2.2 7.8 home
12.0 2.4 12.9 workplace
- Hexanal 11.8 2.2 8.1 home
8.7 2.0 7.8 workplace
- Benzaldehyde 7.4 1.9 6.3 home
11.0 2.3 10.8 workplace
- Octanal 5.1 1.4 3.1 home
6.9 1.5 3.6 workplace
- Trichloroethene 114 2.0 8.2 home
7.5 1.8 6.4 workplace
- Tetrachloroethene 7.7 1.4 4.0 home
4.7 1.3 3.5 workplace
- Basel
- Nonane 3.4 1.8/2.8 1.3 home
24.4 1.5/5.3 1.0 workplace
- Decane 8.6 3.5/3.2 2.7 home
62.9 3.2/5.9 1.9 workplace
- Undecane 8.8 2.9/3.3 2.1 home
38.8 2.7/5.2 1.7 workplace
- Toluene 20.1 16.9/1.8 14.9 home
32.4 15.4/2.4 13.0 workplace
- Ethylbenzene 2.7 2.1/1.8 1.8 home
9.8 2.5/3.0 1.8 workplace
- m,p-Xylene 7.9 6.2/1.8 5.9 home
34.6 7.1/3.3 5.1 workplace
- 0-Xylene 2.7 2.1/1.9 1.9 home
11.3 2.5/3.2 1.7 workplace
- Propylbenzene 1.0 0.7/2.1 0.6 home
5.4 0.8/3.6 0.5 workplace
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: 7.4 5.2/2.2 4.3 home
Trimethylbenzenes
75.1 5.5/4.3 3.8 workplace
- Hexane 1.5 0.7/3.9 0.7 home
11.6 1.2/5.8 0.9 workplace
- Heptane 4.2 2.0/2.7 1.8 home
65.8 3.3/4.6 2.4 workplace
-1,1,1- 13.0 1.3/4.1 0.8 workplace
Trichloroethan
- Trichloroethene 1.0 0.8/2.2 0.8 home
2.2 1.0/3.0 0.9 workplace
- Tetrachloroethene 1.2 0.6/3.1 0.6 home
1.4 0.9/3.0 1.2 workplace
- Helsinki
- Total VOC 290.2 231.5/1.9 226.1 cleaning | home
products
(18%),
traffic
(18%),
long-range
transport
(17%),
product
emission/
fungi,
mould (9%)
432.1 152.9/2.6 125.7 Ctraffic workplace
(24%),
product
emission
(21%),
long-range
transport
(19%), air
fresheners
(7%)
- Nonane 2.1 1.3/2.4 1.3 home
7.0 1.2/3.5 <LO® workplace
- Decane 5.2 2.5/3.1 2.6 home
12.5 1.7/4.5 1.3 workplace
- Undecane 5.1 2.5/3.0 2.5 home
11.8 1.6/3.9 1.3 workplace
- Cyclohexane 1.3 <LOGR.2 | <LO@ home
1.5 <L0Q@ 2.2 | <LOQ@ workplace
- Toluene 20.3 14.6/2.1 13.5 home
24.7 <LOQ/2.8 7.4 workplace
- Ethylbenzene 2.8 2.1/2.2 2.2 home
15.0 1.9/3.5 1.7 | 1384 workplace
(max)
- m,p-Xylene 7.8 6.1/2.0 5.9 home
35.2 6.4/3.2 5.2 | #1390 workplace
(max)
- 0-Xylene 2.4 1.7/2.3 1.7 home
15.0 1.8/3.5 1.6 | #2779 workplace
(max)
- Styrene 1.1 <Lo®2.0| <Lo@ home
<LOQ® | <Lo@’/1.6| <LOQ@ workplace
- Propylbenzene <LO®Q | <Lo@’/1.8| <LOQ@ home
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3.3 <L0Q@/2.8| <LOQ@ workplace
: 4.0 2.1/2.8 2.2 home
Trimethylbenzenes
13.8 2.0/4.1 1.7 workplace
- 2-Methyl-1- 8.2 3.3/4.0 4.3 home
propanol
2.8 <L0@/3.2 | <Lo@ workplace
- 2-Ethylhexanol 3.5 1.8/3.2 2.1 home
2.6 1.4/2.9 1.4 workplace
- 2-Buthoxyethanol 2.0 <LO%2.8 | <LOQ home
18.8 <LOQ/2.8 | <LO@ | #2422 | #spray workplace
(max) | lacquers,
enamels,
varnishes,
latex paints,
paint
thinners,
paint
strippers,
varnish
removers
- Hexanal 11.5 8.4/2.4 8.9 home
3.9 2.1/3.2 2.9 workplace
- Benzaldehyde 5.0 4.2/1.9 4.4 home
4.9 3.9/2.3 4.7 workplace
- Octanal 4.2 3.2/2.3 3.9 home
2.2 1.4/2.6 1.7 workplace
- Tetrachloroethend  <LOQ | <LOQP/1.7 | <LOQ@ home
<LOQ® | <LoQ@’/1.7 | <LOQ@ workplace
- Milan
- Total VOC 689 519.4/2.1 434 home
511 402.8/2 370 workplace
- Hexane 11.9 0.7/3.9 <LOQ home
14.5 0.8/4.4 <LO® workplace
- Nonane 6.9 3.5/2.7 2.6 home
3.1 2.1/2.5 2 workplace
- Decane 7.5 4.2/3.1 4.1 home
5.2 3.3/2.7 3.6 workplace
- Undecane 5.6 3.6/2.6 3.8 home
3.6 1.9/3.1 2.4 workplace
- Cyclohexane 7 2.1/4.9 <LOQ home
8.3 1.8/5.4 <LOB workplace
- Ethylbenzene 10.7 7.5/2.3 6.7 home
8.8 6.4/2.3 5.7 workplace
- m,p-Xylene 36.5 26.1/2.2 22 home
28.8 20.4/2.5 18.8 workplace
- 0-Xylene 115 7.8/2.5 7.3 home
9.3 6/2.9 6.3 workplace
- Styrene 5.5 3/3.1 3.3 home
2.9 1.8/3 2.6 workplace
- Propylbenzene 3.1 2/2.5 1.7 home
2.3 1.6/2.4 1.6 workplace
: 17.7 13.5/2.1 12.1 home
Trimethylbenzenes
15.3 9/3.2 9.1 workplace
- 2-Methyl-1- 16.9 3.5/5.9 5 home
propanol
5.3 1.1/4.4 <LO® workplace
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- 2-Ethylhexanol 2.2 0.9/3 <LOY home
4.4 1.4/4.2 <LO® workplace
- Phenol 0.8 <LO® <LOQ" home
3.7 0.7/3.1 <LO® workplace
- 1-Octanol 0.5 <LO® <LOQ" home
0.5 0.5/1.1 <LO® workplace
- 2-Buthoxyethanol 7.6 2/5.1 <LOQ home
14.7 5.4/6 11.7 workplace
- Hexanal 4.7 1.8/4.2 <LOQ home
2.2 1.1/3.1 <LO® workplace
- Benzaldehyde 10.6 8.8/2 9.5 home
12.3 9.4/2.6 10.5 workplace
- Octanal 3 1.5/3.4 <LO® home
3 1.3/3.6 <LOG workplace
- Trichloroethene 89.4 6/5.6 7.7 home
10.2 3.8/4.5 4.7 workplace
- Tetrachloroetheng 12.8 7.6/2.7 7.4 home
7.8 5/2.8 5.4 workplace
“1,1,2- 1.1 0.5/1.8 <LOG8 home
Trichloroethane
<LOQP <LOQ" workplace
- 1-Methyl-2- <LOQ" <LOQP <LOQP home
pyrrolidinone
1.5 0.6/2 <LOB workplace
- 1-Butanol 4.9 1.1/4.3 <LOQ home
3.7 1/3.8 <LOB workplace
- Prague
- Total VOC 451.5 366.7/1.8 388.9 home
563.6 314.3/2.8 282.2 workplace
- Hexane 35.1 21.8/3.8 15.0 home
76.2 21.6/4.3 15.1 workplace
- Nonane 5.4 3.0/2.4 2.3 home
4.1 3.0/2.1 2.3 workplace
- Decane 4.9 3.6/2.2 3.2 home
3.8 2.8/2.0 2.9 workplace
- Undecane 6.5 3.9/2.6 3.3 home
4.8 3.8/1.9 3.8 workplace
- Cyclohexane 30.7 9.3/3.6 7.1 home
17.5 7.8/3.2 5.8 workplace
- Toluene 74.2 60.4/2.6 57.0 home
69.1 32.3/2.8 31.4 workplace
- Ethylbenzene 9.1 6.0/2.4 6.3 home
9.6 5.5/2.3 5.1 workplace
- m,p-Xylene 21.5 14.2/2.4 13.2 home
25.5 14.8/2.3 13.5 workplace
- 0-Xylene 7.1 4.8/2.3 4.7 home
7.7 4.7/2.4 4.5 workplace
- Styrene 3.9 2.4/2.3 2.3 home
3.7 2.7/12.1 2.2 workplace
- Propylbenzene 3.1 2.2[2.2 2.0 home
2.7 2.3/1.1 2.2 workplace
: 12.1 7.9/2.3 7.1 home
Trimethylbenzenes
9.5 7.1/2.2 8.0 workplace
- 2-Methyl-1- 11.7 7.6/12.4 7.7 home
propanol
15.4 8.6/2.7 6.5 workplace
- 2-Ethylhexanol 6.8 5.1/2.1 5.4 home
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5.7 5.0/1.7 5.2 workplace
- Phenol 6.4 5.2/2.0 4.4 home
- 1-Octanol 6.8 6.7/1.3 7.0 workplace
- 2-Buthoxyethanol 8.5 6.1/2.2 4.4 home
10.1 8.2/1.9 7.9 workplace
- Hexanal 10.3 8.0/2.0 7.4 home
10.0 8.1/1.8 7.5 workplace
- Benzaldehyde 9.5 7.8/1.8 6.8 home
9.1 8.2/1.6 8.1 workplace
- Octanal 4.5 3.7/1.9 3.9 home
4.6 4.1/1.7 4.0 workplace
- Trichloroethene 13.6 4.7/14.0 4.2 home
5.1 4.1/1.9 4.4 workplace
- Tetrachloroetheng 12.3 0.4/2.5 8.7 home
6.2 4.7/2.0 3.7 workplace
French IAQ?
- Acetaldehyde 11.6 94.6 | photochemi
(10.8- (max) | cals,
12.3) tobacco
smoke,
photocopier
s, raw wood
panels,
particle
boards
- Acrolein 1.1 (.04 129
1.2) (max)
- Hexaldehyde 13.6 | 368.5 | particle
(12.6- (max) | boards, new
14.7) books and
magazines,
paint, wood
treatment
products,
untreated
wood
boards
-1,4- 4.2 (3.7-| 4809.8 | moth-
dichlorobenzene 4.8) (max) | repellent,
deodorant,
mole
poison
- Ethylbenzene 2.3 (2.1 85.3 | fuel, waxes
2.5) (max)
- n-Decane 5.3 (4.8t 1774.1 | white spirit,
6.2) (max) | floor glues,
waxes,
wood
varnish,
cleaners
- n-Undecane 6.2 (5.6~ 502.1
7.1) (max)
- Styrene 1.0 (0.91 35.1 | plastic
1.0) (max) | materials,
insulating
materials,
fuel,
tobacco
smoke
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- 1.4 (1.2-| 684.3 | carpets,
Tetrachloroethylene 1.6) (max) | mats, dry
cleaning
- Toluene 12.2 414.2 | paints,
(11.4- (max) | varnishes,
13.7) glues, inks,
carpets,
mats,
silicone
caulking,
gasoline
vapour
- Trichloroethylene 1.0 | 4087.2 | paints,
(<LOQ- | (max) | glues,
1.1) varnishes,
degreasing
agents
-1,2,4- 4.1 (3.7-| 111.7 | oil solvents,
trimethylbenzene 4.4) (max) | fuel, tar,
varnishes
- m/p-xylene 5.6 (5.11 232.8 | paints,
6.0) (max) | varnishes,
glues,
insecticides
- 0-xylene 2.3(2.14 112.3
2.5) (max)
- 2-butoxyethanol 1.6 60.6 | paints,
(<LOQ- | (max) | varnishes,
1.8) lacquers,
soaps,
cosmetics,
fungicides,
herbicides,
wood
treatment
products,
silicone
caulking
- 2-butoxy- <LoQ@ 12.2
ethylacetate (max)
- 1-methoxy-2- 1.9 170.1
propanol (<LOQ®- | (max)
2.3)
- 1-methoxy-2- <LO 39.5
propylacetate (max)
ALSPAC Painting,
tobacco
smoke
- Total VOC 400 (551) 21- main bedroom
8392
396 (573) 28- living room
11401
AirMex ™
- Total VOC 8 — 281 public buildings
- Catania, Total 25 -53 kindergartens
VOC
- Athens, Total VOC 19 -3§ kindergartens
- Total VOC 5.3 >300 personal exposure
(max)
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- Styrene

1-6

8,20,21,22p|ast

ics, tobacco
smoke,
adhesives

indoor

workplace

- Toluene

15-74

25-69

outdoor
sources,
tobacco
smoke,
paints,
thinners

indoor

work place

- m,p-Xylene

4-37

25-121

- 0-Xylene

2-12

7-29

11'12'1’perfu
mes,
pesticides,
pharmaceut
icals,

paints,
printed
materials,
rubber,
plastics,
leather,
polyester

indoor

workplace

indoor

workplace

- Acetaldehyde

10-18

"Falcoholic
beverages,
food,
tobacco
smoke,
combustion
, cooking,
adhesives,
coatings,
lubricants,
inks,
rubber,
paper,
perfumes,
dyes

indoor

workplace

THADE *®

VOC:
pressed-
wood,
interior
treatments,
dry-cleaned
fabrics,
floor cover
adhesives

- UK, Toluene®

151

- Italy, Toluene™

35.2

- East-Germany,
Toluene™

37.29

- West-Germany,
Toluene®

20.46

- USA, vOCc*

5.10 -
130

- Italy, Total VOC"

514

- Germany, Total
voc"

2000 —
3000

house after 2 months

900 —
1300

house after 10 months

A AM = arithmetic mean and average concentratioM sAstandard deviation of arithmetic mean
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B GM = geometric mean, sGM = standard deviationemfrgetric mean
¢ Range = minimum and maximum value
P LOQ = limit of quantification
! Bluysseret al. 1996

2 Survey 1985/86

3 EXPOLIS 1999

4 Kirchneret al. 2006

®> Nieuwenhuijseret al. 2002

6 INDEX 2005

"WHO 1995

8 EPA/Cal 2003

® WHO 2000

10 Edwardset al. 2001

1 ARC 1989

12ECETOC 1986

13 Brownet al. 2002b

1% carreret al. 2000

15 Schneidert al. 2001

6 Coxet al. 2001

17 Pittenet al. 2000

18 Fishbein 1988

1 THADE 2004

2 \WHO 1983

211ARC 1994

221ARC 2000

2 Edwardset al. 2004

3.4.5.3. Environmental and occupational guideli®@etsandards

WHO does not suggest ambient or indoor air guigslifor Xylenes or hexane, but does give
an air quality guideline 0.26 mg?nderived from LOAEL for continuous exposure, othars
term guideline of 1.0 mg/fderived from its odour threshold.

EU and Finnish occupational exposure limits aregin table 3.4.5.3.1.

Table 3.4.5.3.1. Finnish occupational exposuret$irfi TP-values, 2007)

Direct. 2000/39/EC HTP, 2007 Direct. 2000/39/EC HP, 2007

8 h aver. (mg/m3)) 8 h aver. (mg/md) 15 min (mg/ny 15 min (mg/m3)
Toluene - 190 - 380
Xylenes, o-, p-, m- 221 220 442 440
n-Hexane - 72 - -

3.4.5.4. Discussion

Generally concentrations of different VOC compoumgs quite low, but summing up the
total VOC concentration can be significantly larg®&ariation of the concentrations in
different locations is quite great, so total VOCigsions can possibly have locally effect on
sensitive individuals.
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3.5. Radon

3.5.1. Introduction: What is Radon (ERRICCA 2)

Radon is a colourless, odourless, radioactive asomes from the radioactive decay of
radium, which in turn comes from the radioactiveeae of uranium. Uranium acts as a
permanent source of radon and is found in smalhgjies in all soils and rocks, although the
amount varies from place to place. It is partidylgsrevalent in granite areas but not
exclusively so. Radon levels vary not only betwedferent parts of the country but even
between neighbouring buildings.

Radon in the soil and rocks mixes with air andsiethe surface where it is quickly diluted
in the atmosphere. Concentrations in the openraivery low. However, radon concentration
in soil-gas can be very high, typically from lekart 10 000 to 100 000 Bg/nEntry of this
radon-bearing air into living spaces is the mairasom for elevated indoor radon
concentrations. Mineral building materials alsoter@ilon. Radon that enters enclosed spaces,
such as buildings, can reach relatively high cotreéinns in some circumstances.

When radon decays it forms tiny radioactive pagtctalled radon daughters which may be
breathed into the lungs. If formed in air, thesetipi@s may be inhaled and some will be

deposited in the lungs. The radiation emitted knthas they decay can give a high dose to
lung tissues and damage them. Being exposed tm rawid its decay products increases the
risk of developing lung cancer. In addition, smakiand exposure to radon are known to
work together to greatly increase the risk of depelg lung cancer. It is important however

to confirm that whilst radon causes lung cancemtlagority of lung cancer risk is caused by

smoking.

In addition to the risk from radon in air it is na@cognised that some private water supplies
contain levels of radon which should also be cdigtio However, it is important to recognise
that radon in water presents a far smaller heat#tatd than radon in air, both in term of the
numbers of people exposed to high levels, and rimgeof the risks to the most exposed
individuals. Tap water supplied by public utilitiessusually treated and poses no risk to the
user. However it is advisable to have water fromagte bore holes in radon affected areas
tested, and if necessary treated.

Radon is classified by International Agency for fResearch on Cancer as known human
carcinogen (IARC Group 1). The unit risk estimateridon is 3-6*18 Bg/m® (Pershagen et
al. 1994). Radon is second only to tobacco smokm@ cause of lung cancer, and radon in
the indoor air accounts for about 9% of the dedtbs lung cancer and about 2% of all
deaths from cancer in Europe. (Dartyal. 2005) Radon is not known to cause any other
health effects besides lung cancer.
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3.5.2. Results

Table 3.5.2.1. Radon concentrations in dwellingsmieined in indoor surveys (Compiled from

National Summary Reports lattp://radonmapping.jrc.ec.europa.antd UNSCEAR 2000)

COUNTRY NO. OF PERIOD AND MEAN | GEOM. PERCENT| PERCENT| MAX.

AND DWELLINGS | APPROX VALUE | MEAN >200 >400 OBSERVED

POPULATION| SAMPLED DURATION OF | BQ/M® | BQ/M® | GSD | BQ/M® BQ/M3 BQ/M3

MEASUREMENT

Albania NA NA 120 105 2.0 270
(3.4 x16)

Austria 16 000 1991-2002 97 61 12 4 8 325
(8.2 x16) 3 months

Belgium 10 447 1995-present 69 76 2.0 2.4 0.5 4 500
(10.4 x16) 3 months

Bulgaria NA NA 22 250
(8.45 x16)

Croatia 782 2003-05 68 7.2 1.8 751
(4.5 x16) 1 year

Cyprus NA NA 7 7 2.6 78
(0.76 x16)

Czech >150 000 1984-present 140 110 12-18 2-3 25 000

Republic 1 year
(10.2 x16)

Denmark 3120 1995-96 53 64 2.2 2.9 0.2 590
(5.5 x16) 1 year

Estonia NA NA 120 92 1390
(1.5 x16)

Finland 3074 1990-91 120 84 21| 123 3.6 33000
(5.2 x16) 1 year

France 12 261 1980-2003 89 53 2.7 8.5 2 4 964
(62.2 x16) 3 months

Germany >50 000 1978-2003 50 40 1.9 3 <1 >10 000
(82.4 x16) 1 year

Greece 1277 1994-98 55 44 3.1 1.1 1700
(10.8 x16) 1 year

Hungary NA NA 107 82 2.7 1990
(10.1 x16)

Ireland 11 319 1992-99 89 57 7.5 1.5 1924
(4.2 x16) 1 year

Italy 5361 1989-1998 70 52 2.0 4.1 0.9 1036
(58 x16) 1 year

Lithuania NA NA 55 22 1860
(3.7 x16)

Luxembourg 2619 1993-2002 115 2.0 3 2776

(0.49 x16) 3 months

Netherlands 952 1995-96 30 25 1.6 0.3 <0.0001 382
(16.6 x16) 1 year

Norway 37 400 1990-99 89 9 3 50 000
(4.6 x16) 2 months

Poland 2 886 1992-94 49 2.0 2 0.4 3261
(38.5 x16) 3 months

Portugal 3317 1988-91 86 39 2.2 3558
(10.7 x16) 2.5 months

Romania NA NA 45 1025
(22.7 x16)

Slovakia NA NA 87 3750
(5.4 x16)

Slovenia 892 1993-95 87 7.7 2 1890
(2 x16) 3 months

Spain 5 600 1990-2005 90 45 3.7 6 2 15 400
(40.5 x16) 3 months
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Sweden 1360 1991-92 108 56 9-13 3-4 3904
(9 x16) 3 months (85 000)

Switzerland 55 000 1980-2005 77 17 7 29 705
(7.6 x16) 3 months

UK 450 000 1980-2005 20 0.5 0.1 17 000

(61 x106) 3-12 months

3.5.3. Environmental and Occupational Guidelines & Standards

Radon concentrations in the ambient air vary sigaiitly in time and space, typically around
the order of magnitude of 10 BainSimilar levels would be desirable but are notiecible

in the indoor air. WHO Air Quality Guidelines (2008oes not recommend any guideline
value for radon, but suggests that remedial measireuld be considered for buildings where
the radon progeny concentrations exceed 100 Bagan annual average.

National indoor air radon guidelines are ratherilsimacross Europe. The guideline values
and respectively the preventive actions have giadbacome stricter over the past decades.
Differences, therefore, depend mainly on the yelaemthe guideline came into effect. The
Finnish regulation here is give as an example: €rnational radon guideline value (action
value) for older buildings is 400 Bgfnand design criterion for all new buildings is 200
Bg/m®°. 400 Bg/ni is also set as an action value for all workplaaes as a limit value for all
schools and day care centres.

* Radiation Act (592/1991) chapter 12 Natural réidia, section 45-49 latest amendment

22.12.2005

* Radiation Decree (1512/1991) chapter 7 Naturaiation, section 26-28 (pursuant to the

Radiation Act); latest amendment 29.12.2005/1264

* Ministry for Social Affairs and Health Order ohd Upper Limits for Radon Concentration in

Places of Residence (944/1992) (pursuant to Radidict section 48 and Radiation Decree)

3.5.4. Discussion

Of all indoor air contaminants radon is the mospredictable. Even at extremely high
concentrations it is not detectable by the sensespf natural origin and penetrates into the
building from the ground underneath. In spite oésd obstacles, and thanks to large
randomised surveys and harmonised monitoring methib@ levels of radon as well as its
large (country averages) and small (building diatiy scale distributions are probably better
known and more reliably comparable between thesfit regions of Europe than those of
any other indoor air contaminant. Table 3.5.1.1 alestrates that there are fivefold
differences between the country averages and hieatmiaximum levels may exceed country
median values by more than three orders of magaitDdstribution of the exposure to and
risk of radon within the population is the most wkd of all common indoor air
contaminants.

Because the radon level in any existing or newdmuj is still quite difficult to estimate

without actual measurement, most of the buildingh vadon levels that exceed the guideline
values are still unknown to the owners, occupantsrational authorities, and, thus, outside
of any remedial programmes. Pointing out all buidgi which do not meet the guideline
values would require monitoring of almost every lding, renovating all detected non-

compliance buildings would require convincing noitis of building owners and occupants of
the necessity of the work and costs, and finaltyualy accomplishing these tasks would still
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reduce the lung cancer risks of radon only margyineecause most of the radon induced lung
cancers are caused by indoor air radon concemnisatubich do meet the current guidelines.

These facts clearly point out that the most eféectiadon mitigation policies will focus on
new buildings and buildings undergoing major retioves, and would aim at reducing all
indoor radon levels, also those that are otherwisébelow, e.g., 200 or even 100 Bdim

3.6. Dampness/ mould
3.6.1. Introduction

Extensive reviews have summarized findings dematisty associations between dampness,
moisture / mould and adverse health effects amaiidibg occupants (IOM, 2004; Bornehag
et al. 2001, 2004, Jaakkola and Jaakkola 2004, &isk 2007). These health effects include
onset of new asthma, prevalence of asthma and ey of symptoms of pre-existing
asthma in both children and adults.

Although an association between exposure to dampmesld in buildings and adverse
health effects has been demonstrated, the causaitsagand the pathophysiological
mechanisms are still largely unknown. It is plalesithat the exposure leading to harmful
effects consists of many parallel agents of botbrofiial and chemical origin. At present,
there are no comprehensive data on such combirguseses, but a useful surrogate for the
multifactorial exposures is “dampness”, or obsaovet of excess moisture (such as mould,
condensation, and water damage) in indoor envirotiniopulation exposure of dampness
mould is therefore estimated from prevalence of gleass/mould in buildings.

Survey based prevalence estimates of dampness/mougsidential buildings have varied
widely, approximately from 2 to 85%, depending ba study design, climate, and definition
used (Bornehagt al. 2001). It is likely that the prevalence of damgsieould in the housing
stock changes over time depending on economicahtgdn and/or degree of housing
deprivation and changes in the environment for iseweasons. Therefore, the estimates of
exposure should rely on relatively recent studigsing into account differences in the study
design, methodology, and definitions.

The main difference in the methodology of exposasgessment is whether the estimates are
based on occupant self-reporting or home inspextiorade by trained staff. Trained
inspectors are likely to provide more objective uitss than occupants’ self-reporting.
Comprehensive data utilizing on-site home visitmedrom WHO LARES survey, and in
addition there are some national surveys complangemformation. In all, such data are
available from nine countries.

3.6.2. Results

LARES survey was undertaken in eight Europeanscine2002 and 2003, consisting of data
on roughly 400 dwellings from each city (WHO 200and it relied on on-site home visits.
According to the dwelling inspections conductedtfayned surveyors, visible mould growth
was detected in at least one room of almost 25%illofisited dwellings. Country specific
data were not reported in the preliminary overvieLARES findings. Findings related to
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other dampness/moisture related variables (incudimell of dampness and signs of
condensation) were not included in the report.

Brascheet al. 2003 reported signs of damp / mould in 21.9% 6630 studied dwellings in
Germany. Specifically 9.3% of the dwellings hadibles mould. In addition a study from
Finland (Chelelget al. 2001) reported overall prevalence values for majaninor mould or
water damage at 26-38% in Finland (depending onllshgetype). A more recent Finnish
study (Pekkanest al. 2007) reported moisture damage in the main liareg at 20% (minor)
and 10.5% (major), and visible mould in the maunly area at 9.4%. However, the study by
Pekkaneret al. was a case-control study of asthmatic (N=121) amlasthmatic children
(N=241), so the estimates may not be used for gépepulation estimates.

Table 3.6.2.1. Prevalence of dampness/mould ing&ao countries based on on-site inspections by
trained staff.

Reference Definition of exposure Prevalence CitiesCountriesinvolved;
% comments

WHO 2007 Visible mould in at least one room 25% Vilnius/Lithuania;

8 European - Visible mould in the bathroom | 14% Geneva/Switzerland,;

citiessurveyed | - Visible mould in the kitchen 10% Forli/ltaly;

in 2002-2003 Ferreira/Portugal;
Budapest/Hungary;
Bratislava/Slovakia;
Bonn/Germany;

Angers/France; country specific
values not reported

Brascheet al. Signs of damp/mould 22% Germany

2003 - Visible mould 9%

Chelelgo et al. Moisture damage Finland;

2001 - Houses 38% Observations included signs of
- Apartments 26% water leaks, condensation, and

moisture damaged materials

3.6.3. Discussion

Studies based on on-site home inspections indithte the overall prevalence of
dampness/mould problems may vary between 20 to R@¥ger variation with lower mean
estimates has been reported based on occupanegeiting. For example, The European
community respiratory health survey (ECRHS) ingtd self-reported dampness and
mould in 38 study centres in 18 countries (Zetkal. 2000). During the year prior to the
interview water damage was observed in 12.4% (rah82%), and mould or mildew in
22.1% (5-56%) of the dwellings. In general, thevptence estimates bear uncertainty due to
relatively small number of studies and/or variatinrexposure definitions used in different
studies, however, it appears that objective repmriadoor dampness based on on-site home
visits provide more accurate estimates than ocdwgsfireporting.
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4. Indoor air exposure modelling

4.1. Predictive models for indoor air exposures

The pollutant concentration in an indoor space ddpgbesides the quality of the ambient air,
on the rate of pollutant emission and the rate hichv the space is ventilated. These
concentrations and the occupant time activity togetirive the exposure patterns. Therefore
the first component of predictive models for indaotposures is a concentration model
accounting for the behaviour of emissions from ordsources. The current text reviews first
modelling principles available in this area anditlegaluates a number of actual models built
on them.

Ambient air

Infiltration Indoor sources

1 N

Concentration Time-activity |:>

Il L Dose
Exposure E>

Figure 4.1.1. Diagram of the factors affecting esgre assessment and modelling in indoor
environments.

Models for concentrations and exposures causedntdyor sources are evaluated in this
chapter. Modelling the contribution and associgietential for protection from ambient air
for the exposures are presented in the next subehap

4.2. Deterministic and probabilistic approaches

The main element in exposure modelling is the wtdading of the physical principles

affecting the investigated processes. Traditiorgtegninistic models have been built on
concise physical interpretation of the factors ctffeg exposures, which were determined
prior to the development of a particular model. ISowdels must be used for estimates in a
particular situation, but they have difficultiesaapturing the full variability the variables. In

addition, uncertainty in the values of the paramsetesed to make the estimates is not
included. To overcome these limitations, probatidjsor stochastic, numerical techniques
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have been applied making it possible to presentemmnations and population exposures as
distributions rather than point estimates.

Probabilistic approaches are suitable for both englias well as physical approaches. The
simplest example of the former is to present tharibution of observed concentrations
instead of the average value. The second approatimages indoor air concentration
distributions based on distributional informatiar ass balance parameters such as indoor
source emission rates, building volumes, and achamge rates. The complexity and
computational heaviness of computational fluid dgita(CFD) equations restricts their use
in the deterministic mode. Nevertheless, the ogtfnaim a series of CFD model outputs can
be described probabilistically and use to genesgteh inputs for further probabilistic
assessment of exposures.

4.3. Indoor exposure modelling principles
4.3.1. Concentration models

Physical indoor air quality models are based onptieciple of conservation of mass. The
contaminant accumulation is equal to the differebetween the mass released within or
entering a particular space and the mass leaviag gpace. Pollutant concentrations are
increased by emissions within a defined volume bgdtransport from other air spaces,
including obviously the outdoors often as a majaurse of pollutants indoors.
Concentrations are decreased, except by transpdihge the air space, by removal to
chemical and physical sinks indoors, or by coneersof the contaminant to other forms
which may be more or less harmful.

The two main methods for predicting indoor air flovand contaminant distribution are
microscopic and macroscopic models. Microscopic eledse computational fluid dynamics
(CFD) to calculate the values of all relevant pagtars, at closely-spaced points in all parts of
the flow field, with a high degree of resolutiorhél major difficulties with CFD, especially
when it is necessary to use three dimensional sisalgre that setting up the model, and
identifying and specifying appropriate boundaryditions, is difficult and time consuming.

Relationships are in the form of one or more déifgral equations representing the rate of
accumulation and the contaminant gain and loss.

4.3.2. Time-activity

Models to quantify human inhalation exposure totaonnants need to consider air quality in
various microenvironments such as residences, Wam&p, and outdoors. Because most
people spend a large fraction of their time indporslusion of an indoor air quality model is

an important component of total or 24-h exposureetimg. Another important component

of exposure modelling is consideration of humanvagtpatterns, that is, where and how
people spend their time during the conduct of teify activities. In the past, simplifying

assumptions have been made in modelling, such esnstant source rate over time, a
negligible sink rate, steady-state conditions, mrisothermal air mass. In addition, activity
patterns have not been considered or have beetedraath simplistic assumptions. These
may be appropriate assumptions under some limibedimstances but, to obtain greater
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generalizability and to better understand the bigla\of indoor contaminants or the factors
that affect exposures, it is important to examitigasions in a more realistic manner.

Momentary concentrations exhibit substantial valitgband steep gradients that can be
captured only by computational fluid dynamics madeland even by them only when the
momentary factors, e.g. fluctuations in the emissirates and effects of heat sources,
occupant movements and wind are properly refleatethe model inputs. However, the

occupant activities themselves are often tightsoasmted with improved mixing of the indoor

air, e.g. in case of opening the windows, vividiaies, like cleaning, and even in steep
gradients the mobility of the occupants decreakes tmportance by mixing the exposure
between areas of different concentrations. Theeefioe applicability of averaging indoor air

guality models may be acceptable for exposures evidre case of non-complete mixing.

4.3.3. Model validation

Indoor air quality models often have to use nondaaéd components for example for sink
and source terms. Guo (1993) listed five major [emis areas:

(1) elusive model parameters, that results frorangdts to model complex reality with a
simple model, so that some adjustable parametensesessary;

(2) confusion in parameter estimation methods, ifipalty uncertainty in selecting
appropriate regression models to accurately fiousr portions of emissions decay;

(3) uncertainty in scale-up and misleading scafanxgors, for example, the commonly used
ratio of air exchange rate to the chamber loadmgjol is incorrect unless the source is
constant at steady state;

(4) unspecified valid range, particularly the liedttime over which a model is valid and the
limited degree of air turbulence for which a modelalid; and

(5) weakness in quantitative comparisons betweetlels@nd observations, that is caused by
an almost exclusive dependence upon graphic cosgrexriand a failure to use statistical
methods.

Several of the listed items are related to the ttaat model parameters estimated form a set of
measurements using e.g. regression techniqgueseaages do not carry the variability to the
model and while are suitable for screening modatgeting population averages, actually
should not be used in models attempting to casecific situation.

Evaluating a model for population exposure assessings more important to minimize bias
while preferring methods maintaining and descriliimg variability than to attempt to use the
most detailed physical approaches with missingoorly estimated input data.

4.3.4. Model Characterisation

Several authoritative publications have been pexpabout the appropriate exposure model
characterization and documentation procedures. ift#dnational Programme on Chemical

Safety (IPCS; WHO 2005) model harmonisation repdsd suggests a list of 10 questions
about any exposure model, for which the model deniation should provide answers.

These questions cover the following (Kephalopoetas., 2007):

e General model description ((1) description of theded purpose and its components,
(2) individual or population level analysis (leval aggregation), (3) modelled time
resolution, and (4) applicability to diverse exp@sscenarios);

* Model inputs ((5) description of data inputs);
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* Model processes ((6) modelling tool methodology, tibdel code and platform, and
(8) model performance and evaluation summaries);

* Model outputs ((9) description of model outputs gd®) model sensitivity and
uncertainty).

4.3.5. Ventilation systems

The mass-balance equation based models are bases$wmed complete mixing within each
zone. When the ventilation rate is low and the ordgpace has many activities and/or heat
sources than induce air mixing, the complete mixasgumption is reasonable. However, in
some cases high concentration gradients are crdatatbn-complete mixing, potentially
affecting exposure assessment, and some ventilgijstems are particularly designed to
prevent pollution spread. Some of the most typieales are discussed shortly below.

Displacement ventilation system introduces freshtaithe floor level with optimally good
spreading. The fresh air is slightly cooler thae tbhom temperature and thus the thermal
gradient makes the fresh air spread horizontafiieiad of mixing. Excess air is removed from
the roof level. When working optimally, the thermidl surrounding occupants produces a
upward air flow, replacing the air surrounding teeupant from below from the fresh air and
moving CO2 and any other odours and emissions efotttupant to the upper layer from
where they are removed before complete mixingketaplace. Therefore the displacement
ventilation minimizes the mixing of many emissicamsd produces optimal air quality with
minimal air exchange rate.

Mixing ventilation on the other hand is designedntaximally mix the fresh air with the
indoor air. In mixing ventilation buildings the assption of complete mixing generally
works well.

Mixing in natural ventilation varies depending dw temperature differences between indoor
and outdoor air, outdoor wind velocity, the opesiagailable for ventilation, and the general
tightness of the building envelope. In cases wihenair intake is evenly distributed between
all rooms and ventilation rate is relatively loviaetcomplete mixing assumption may hold
quite well. On the other hand, when windows arenege the flow pattern between rooms
may become quite uneven.

Some mechanical ventilation systems use air rdaition, in which substantial part of the
ventilation air is actually taken from the outflaair. This allows for removal of indoor air
generated pollutants by filtering the air and inya® the mixing, therefore making the
conditions suitable for complete mixing assumption.

4.4. Critical review of indoor air quality modelling techniques

There are two general types of computer simulaterhniques for studying airflow and
contaminant transport in buildings — multi-zone mibdg and room airflow modelling.
Multi-zone modelling takes a macroscopic view odaor air quality (LAQ) by evaluating
average pollutant concentrations in the differeomes of a building as contaminants are
transported through the building and its HVAC sgste
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4.4.1. Fluid dynamics (CFD): airflow modelling

Room airflow modelling takes a microscopic viewl&f) by applying a computational fluid
dynamics (CFD) program to examine the detailed fleelds and pollutant concentration
distributions within a room or rooms. Each approdas strengths and limitations for
studying different building ventilation and 1AQ griems (Emmerich, 1997).

One of the most important recent efforts was Irdeamal Energy Agency (IEA) Annex 20
"Air Flow Patterns within Buildings" (Moser 1991The objective of the Annex was to
evaluate the performance of both CFD and multi-zankgow simulation techniques and to
establish their viability as design tools. Researolder the Annex included simulation and
measurement in the following areas: air supply d&vioom flow field, simplified methods,
and evaluation. Moser's conclusions include:

-CFD simulations are useful when values of diffidotmeasure variables are needed in all
points of the flow field.

-Simulations are useful to study trends (sensytigftflow patterns to small changes).
-Simulations are useful to predict airflow patteffios critical projects, i.e. when neither
similar experience nor measured data exist (sudarge spaces, unconventional ventilating
systems, and strong buoyancy effects).

Topics discussed in the literature include roonflair case studies involving calculation of
airflow patterns, temperatures, ventilation systparformance and thermal comfort for
various ventilation systems, strategies and roomfigorations; flow from diffusers;
modelling occupants; exhaust ventilation systenfoperance; wind pressure distribution for
flow around buildings; thermal and airflow performeg in large enclosures; pollutant
transport including particles and moisture; airtauns; pressure loss in ducts; coupling of
CFD programs with multi-zone airflow models anddailding energy simulation models.

An example of the output from a CFD model is shdvatow (Ayad, 1999). The model
describes instantaneous air movements within theesm a given moment.
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A schematic presentation of the inputs needed felD @odelling is depicted in the figure
below (Allocca et al, 2003). Important variableg #ne physical dimensions of the space as
well as objects affecting the air flow, all heatismes (and in some cases sinks too), and the
momentum of air intake. Heat sources may exhiblaydedue to their mass and thermal
insulation that affect the speed at which the ckarig the electrical power consumption are
reflected to the heat input to the air flow system.

Fig. 2. Indoor stack model for single-sided ventilation study in CFD.

4.4.2. Zonal models (from Stewart 2007)
Macroscopic models mainly include multi-zone andaanodels.

Multi-zone modelsrequire the user to identify and describe allzbees (rooms) of interest
and the links (e.g. flow paths) between those z¢aed with the outside air). They generally
take into account mechanical ventilation, tightneskuildings, terrain, shielding and climate
conditions. The outputs of these models includdlaiv rates across the envelopes, between
the rooms and through the mechanical ventilatistesy. (Li, 1993).

The network of links is described by a series awfl equations which are solved
simultaneously to provide air flow rates betweeanns. Assuming that air flow patterns are
unaffected by any contaminant present, a mass dmleaiculation in each zone at each time
step can be included in a multi-zone model to mtethie variation of concentrations with
time. Multi-zone models use average or represemtatalues for the parameters describing
the conditions in a single zone (pressure, tempegatetc.). While they may be used to
predict air flows into and out of a room and theam@ollutant concentration within a room,
they cannot resolve air flow patterns or variatiomgsemperature or pollutant concentration
within a room. If knowledge of such variations msgortant, then multi-zone models will not
be suitable. Examples of this type of model whichia widespread use are COMIS (Feustel
and Raynor Hoosen, 1990, Feustel 1999) and CONTWsIton 1997).

Zonal modelsmay be used where it is required to model vamatiovithin a single zone. A
room is divided into a small number (tens to huddyeof zones, each of which has single
representative values for pressure, temperaturepatidtant concentrations. Zonal models
can be used to predict airflow and temperatureatiaris within a room providing it is
feasible to predict the main driving flows, whichaynbe air jets from fans or ventilators or
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thermal plumes from heaters or other warm surfaBesilished details of current zonal
models suggest they have only been applied toesirgdms with a limited set of driving
forces. Details have been published of their usepiedict airflows and temperature
distribution within rooms (Inardt al. 1996) and, more recently, to predict indoor aifytant
distributions (Musyet al. 1999).

Combined models: Combining the capabilities of low and higher resioin models offers
the potential to use higher resolution when appat@rand low resolution for the rest of a
building. For example, some researchers have sdedea coupling multi-zone models with
CFD (Schaeliret al. 1002, Clarkeet al. 1995), but the combined models still suffer frdme t
inherent difficulties of the CFD approach.

4.4.3. Some sample models

4.4.3.1. Existing indoor exposure models

CONSEXPO 4
AIRPEX

BEAT
CALENDEX
E-FAST

EUSES
EXPOLIS Simulation model
LIFELINE
MCCEM
NOTITIA/CARES
PROMISE
SHEDs

SPEED

TRIPM

WPEM

Consider also:

ComET

First Principle Emission Models
EUROPOEM

SWIMODEL

http://www.epa.gov/oppt/exposure/pubs/screen.htreedeng Level Tools include:
* Chemical Screening Tool for Exposures and EnvirarntaldReleases (ChemSTEER),
e Estimation Program Interface Suite (EPI Suite), d&Sype and Fate Assessment
Screening Tool (E-FAST),
» Pesticide Inert Risk Assessment Tool (PIRAT), and
* ReachScan.

http://www.epa.gov/oppt/exposure/pubs/higher-tiers. The Higher Tier Tools include:
* Internet Geographical Exposure Modelling SystenE\S),
« Wall Paints Exposure Model (WPEM), and
e Multi-Chamber Concentration Exposure Model (MCCEM).
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http://www.epa.gov/iag/schools/ Technical tools:
+ Healthy School Environments Assessment Tool (HgSHEAT)
+ Indoor Air Quality Building Education and Assessimitodel (I-BEAM)
« School Advanced Ventilation Engineering SoftwarAV&S)

I-BEAM is a computer software package for use by buildingfessionals and others
interested in indoor air quality in commercial lolinlgs. However, much of the information
will also be useful to those interested in indoiorgaiality in schools. I-BEAM contains text,
animation/visual, and interactive/calculation comgiats that can be used to perform several
tasks including: conducting an indoor air qual{bAQ) building audit; diagnosing and
resolving 1AQ related health problems; establishamglIAQ management and maintenance
program to reduce IAQ risks; planning IAQ compagikhergy projects; protecting occupants
from exposures to construction/renovation contamtgjaand calculating the cost, revenue,
and productivity impacts of planned IAQ activities.

Mass balance models/ www.exposurescience.org:
A Total Human Exposure Model (THEM)
Multi-Chamber Indoor Air Quality Model (MIAQ)
Human Exposure Research Package (heR)
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5. Building as shelter from outdoor air pollution

Atmospheric outdoor air particles are associatatl pproximately 350000 premature deaths
annually in the EU countries (EU25) (Watkiss al., 2005). The European Community
Thematic Strategy on air pollution aims by 202@wb these deaths by almost 40% from the
2000 level (Commission press release 1P/05/11700922005), which implies a
corresponding reduction in population exposuresadditions to ambient air PM also ozone
has been unequivocally associated with signifigantreased mortality and morbidity.

While the focus of ambient air quality managemaenini efficient reduction of primary PM
emissions and gaseous emissions contributing tonsecy PM and ozone formation in the
atmosphere, the large health effects and assoaattd and the straightforward challenges in
solving the problem by emission reductions makes filirther development of building
envelopes and ventilation systems towards improgestection of the occupants from
outdoor air pollution very attractive.

For the reactive ozone, the sealed envelope of demobuilding, its balanced two way
mechanical ventilation system and internal buildsgfaces are, by themselves already
effective absorbents, which reduce the indoor oZemels to a fraction of the outdoor air
level. The same components provide also efficieotgation against the coarse (> 2.5 um by
particle mass) and ultrafine (< 0.1 um by particlunt) ambient air particulate matter
fractions. The highest mortality impact, howeveas lbeen associated with the P\hass
fraction, which penetrates effectively into mostunally ventilated indoor environments, in
particular, when windows are kept open.

In balanced mechanical ventilation systems mechhwicsometimes electrostatic filters are
used extensively in to remove particles from inammbutdoor air and from recirculated
indoor air. Historically, filters were installed teduce the accumulation of deposited particles
on heating, ventilating and air conditioning (HVAE€juipment which diminished airflow
rates and impeded heat transfer. Within the lastdecades, the potential benefits to health
have been increasingly recognized as a primarygserf filtration. Jansseet al. (2002)
showed that association of respiratory and cardioMar incidences with ambient air PJMs
significantly reduced in communities with a higleduency of air conditioned homes vs.
communities, where summertime cooling is achievgdopen windows. Hanninest al.
(2004b and 2005) have shown that in Helsinki trduced infiltration of ambient air PM
into buildings built after 1990 vs. buildings buifore 1990 reduced the occupants’ exposure
to urban ambient air PM as much as eliminating all traffic sources from tHelsinki
Metropolitan area.

Other potential benefits of filtration include rexdug unsightly soiling of indoor surfaces and
reducing the deposition and accumulation of orgamatter on surfaces such as HVAC ducts
where it can become odorous or provide a subdiwataicrobiological colonization. (Fisét

al., 2002)
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6. General Conclusions

It is important to realise, when reading and conmgprthese data, that although the
comparability within one study may be good, ther@o justification for comparing the data

between the studies. This is not so much due taifferences in air sampling and chemical
analyses — these may compare quite well — asdtiésto the differences in the study time,
objectives and designs. It is fair to say that caehpnsive indoor air quality data are not
available from any European country, nationallyrespntative indoor air quality data for

many indoor air contaminants is available from oBlgrmany and France (time series from
only Germany; GerES | — IV, 1986 — 2006), and corabke representative data from across
Europe only for radon.

The poor representativeness, heterogeneity anghier absence of indoor air pollution data
from most of the European countries presents hiogtaoles for indoor air epidemiology
(which is available at satisfactory levels for omgvironmental tobacco smoke, nitrogen
dioxide and radon), risk assessment and policyldpueent. These, however, are challenges
for the EnVIE WP4 report.
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