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ADVISORY REPORT OF THE SUPERIOR HEALTH COUNCIL No. 8794
Indoor air quality in Belgium

In this scientific policy advisory report the Superior Health Council of Belgium reviews national
data on indoor air quality in residences and public buildings and its potential impact on the
health of building occupants.

The Superior Health Council recognizes the need for national, harmonized data on indoor air
guality and formulates general as well as specific recommendations for research, for policy and
the implementation hereof.

This version was validated by the Board on
6 September 20171

SAMENVATTING

Binnenlucht bevat een aantal contaminanten, meestal met een grotere diversiteit en voor bepaalde
verontreinigende stoffen ook in hogere concentraties dan buiten. In onze regio brengen mensen
gemiddeld 85 % van de dag binnen door. Omdat de binnenluchtkwaliteit (indoor air kwaliteit, IAQ) de
algemene persoonlijke blootstelling (EU-studie EnVIE, 2009) van de bewoners van het gebouw kan
beinvloeden, vormt ze een belangrijke bepalende milieufactor voor de gezondheid.

De potentiéle gevolgen voor de gezondheid van een slechte IAQ en de context ervan zijn al
decennialang erkend (Nederlandse Gezondheidsraad, publicatie nr. 1984/01), waarbij
omgevingstabaksrook (OTR) als een belangrijke verontreinigende stof van de binnenlucht en de
bouwschil en zijn ventilatie als potentiéle bepalende factoren voor IAQ werden aangewezen. De
huidige wereldwijde trends en evoluties op het vlak van duurzaamheid, die leiden tot een
toenemend gebruik van nieuwe, duurzamere of gerecyclede bouwmaterialen en ook tot meer
energie-efficiénte, luchtdichte en geisoleerde gebouwen met gecontroleerde mechanische
ventilatie, zullen hoogstwaarschijnlijk in de nabije toekomst een omvangrijke impact krijgen op de
binnenluchtkwaliteit (Crump et al., 2010). Die evolutie lijkt ook te leiden tot een groeiende
verantwoordelijkheid van de bewoners van het gebouw om te zorgen voor een gezond
binnenklimaat, wat het gebruik en het onderhoud van ventilatiesystemen betreft, maar ook wat
gedrag en gebruik van producten binnenshuis aangaat. Daarom is er nood aan gerichte
informatieve, preventieve en sanerende initiatieven die de sociale context van dit domein
respecteren, om een gezond binnenklimaat te creéren voor de Belgische bevolking.

Naar verluidt is in Europa de omgevingslucht de oorzaak van twee derde van de totale ziektelast
(ZL) als gevolg van blootstelling aan het binnenmilieu (Jantunen et al., 2011).

1 The Council reserves the right to make minor typographical amendments to this document at any time. On the other hand, amendments
that alter its content are automatically included in an erratum. In this case, a new version of the advisory report is issued.
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Het resterende deel van de ZL als gevolg van blootstelling aan het binnenmilieu is te wijten aan
verwarmings- en verbrandingstoestellen (koken en verwarmen met vaste brandstoffen),
watersystemen en waterlekken. Condensatie en de bodem als bron van radon vormen andere
belangrijke bronnen voor de IAQ-gerelateerde ZL.

Deze kritische review over de IAQ in Belgische huishoudens en openbare gebouwen bevat
wetenschappelijke en grijze literatuur die werd gepubliceerd tussen 2005 en 2015. De huidige
nationale kennis over chemische agentia binnenshuis, microbiologische binnenhuisvervuiling en
ook radon werd geinventariseerd en beoordeeld, wat hiaten in de nationale kennis en de behoefte
aan verder onderzoek aan het licht bracht. De review is onderverdeeld in drie grote hoofdstukken:
Prioritaire chemische verontreinigende stoffen binnenshuis (DEEL A), Microbiéle verontreinigende
stoffen binnenshuis (DEEL B) en Radon in de binnenlucht (DEEL C). Onderdelen van elk hoofdstuk
geven een kritische beoordeling van de huidige nationale stand van zaken (in termen van
concentraties en blootstelling binnenshuis), geidentificeerde bronnen van binnenhuisvervuiling,
bepaalde gevolgen voor de gezondheid en risicobeoordelingen, bestaande wetgeving en
gekwantificeerde voordelen voor de gezondheid die voortvloeien uit beleidsnormen, preventie of
sanering, gevolgd door de formulering van conclusies, aanbevelingen en onderzoeksbehoeften.
De binnenmilieus die aan bod komen in deze review zijn privéwoningen en openbare gebouwen,
bv. scholen, kinderdagverbliven en kantoren, met uitsluiting van de interieurs van
transportvoertuigen en professionele (beroepsmatige) blootstelling binnenshuis. De contaminanten
die worden besproken, zijn chemische agentia in de binnenlucht, microbiéle verontreinigende
stoffen en radon, met uitsluiting van fysische parameters van binnenmilieus (bv. temperatuur,
vochtigheid, elektromagnetische velden). De besproken chemische bronnen van
binnenhuisvervuiling zijn productemissies (van bouwmaterialen, meubilair, huishoud- en
verbruiksproducten), met uitsluiting van door de mens gecontroleerde activiteiten (bv. passief
roken, impact van HVAC-installaties en luchtzuiveringstoestellen). Wegens het uitgebreide
wetenschappelijke bewijs van de significante impact van OTR op de blootstelling binnenshuis en
de gezondheid, en ook de vroegere en huidige Europese, federale en regionale wettelijke
preventieve maatregelen, bewustmakingscampagnes en aanbevelingen inzake roken binnenshuis,
wordt dit onderwerp niet behandeld in deze review. Niettemin benadrukken de auteurs de enorme
impact van roken binnenshuis op IAQ en de gezondheid van de mens.

Sinds 2005 werd een groot aantal chemische stoffen beoordeeld in minstens 788 Belgische
binnenruimtes, in de meeste gevallen gezondheidsklachtenvrije woongelegenheden, scholen en
creches. Op grond van dat onderzoek beschikken we over uitgebreide kennis over de
aanwezigheid van chemische stoffen in het binnenmilieu waarvoor er degelijke steekproef- en
analysemethodes bestaan en waarvan de toxicologische invloeden gekend zijn (zoals BTEX
(benzeen, tolueen, ethylbenzeen en xylenen), formaldehyde, acetaldehyde, trichloorethyleen,
tetrachloorethyleen, pineen, limoneen en ook deeltjes (PM), CO, CO; en radon). Er is echter veel
minder bekend over de aanwezigheid binnenshuis van chemische agentia met minder degelijke
steekproef- en analysemethodes. Uit een klassieke beoordeling van de gevolgen voor de
gezondheid van NO2, PM, vluchtige organische stoffen (VOS), totale vluchtige organische stoffen
(TVOS) en formaldehyde in deze review komt naar voren dat 95% van de onderzochte Belgische
binnenruimtes kan worden geclassificeerd als een 'beperkte bedreiging voor de gezondheid door
IAQ' inhoudend, maar ook dat 5% van de onderzochte sites zeer zorgwekkend is. Overschrijding
van de gezondheidskundige referentiewaarden en hoge TVOS-concentraties blijken het vaakst
voor te komen in gebouwen waar gezondheidsklachten optreden. Er werd vastgesteld dat benzeen
en benzo(a)pyreen de grootste impact hebben op de incidentie van kanker in de onderzochte
binnenruimtes. Het is belangrijk om te weten dat die conclusie gebaseerd is op een klassieke stof-
per-stofanalyse van enkele stoffen en op een selectie van beschikbare gezondheidskundige
referentiewaarden. Om het gezondheidsrisico van blootstelling binnenshuis te verlagen, is er een
specifieke controle van de bron nodig. De beperkte openbare beschikbaarheid van emissiedata
staat echter nog altijd een accurate beoordeling van de impact van materiaalemissies op IAQ en
op het daarmee gepaard gaande gezondheidsrisico in de weg.
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De aanwezigheid van dieren, planten en mensen in het gebouw is een belangrijke bron van
allergenen. Buitenlucht is ook een belangrijke bron van natuurlijke, via de lucht verspreide
schimmelsporen die gebouwen kunnen binnendringen en zich opstapelen in neergeslagen stof.
Van buiten afkomstige bacterién en specifieke contaminaties in de omgeving van de
verblijffsruimtes die te wijten zijn aan menselijke activiteiten kunnen gebouwen binnendringen en
zich opstapelen in neergeslagen stof. Rekening houdend met de resuspensie van stof in de lucht
kan het fenomeen van accumulatie van neergeslagen stof het hele jaar door een belangrijke bron
van schadelijke gevolgen zijn. In onze streken komt zichtbare schimmelvorming als gevolg van
overmatig vocht regelmatig voor en wordt het vaak beschouwd als de voornaamste
microbiologische contaminatie in de woning. Vochtigheid lijkt ook een belangrijke factor te zijn voor
een mijten- of kakkerlakkenplaag. In Belgié bestaan er plaatselijke openbare diensten die ter plekke
komen voor bestrijding. Het resultaat van die acties helpt artsen bij hun diagnose. Gecodrdineerde
acties kunnen bijdragen tot een beter inzicht in milieugerelateerde aandoeningen. Voor biologische
binnenhuisvervuiling is het niet mogelijk om gezondheidskundige normen over het aanvaardbare
aantal micro-organismes in het binnenmilieu te definiéren, maar er werden bepaalde
drempelwaarden berekend op basis van bestaande databases en die worden gehanteerd door de
verschillende laboratoria. Die waarden worden gelinkt aan de specifieke steekproef- en
analysemethodologie die elk laboratorium gebruikt en maken het mogelijk microbiéle afwijkingen
in omgevingen te detecteren.

Omdat radon sterk bijdraagt aan de blootstelling van de Belgische bevolking en het verband met
een verhoogd risico op longkanker bewezen is, heeft Belgié als doelstelling op lange termijn om
de gemiddelde blootstelling van de bevolking aan radon te verlagen. Voor het zuiden van het land
kan dat door radon te voorkomen in nieuwe gebouwen en door metingen en verlagingen van de
niveaus in bestaande gebouwen. Om extra toename van de blootstelling aan radon te vermijden,
moet de radioactiviteit van bouwmaterialen nauwlettend in het oog worden gehouden en moet er
rekening worden gehouden met radon bij de ontwikkeling van energiezuinig bouwen (aangepaste
ventilatienormen, vermijding van direct contact met bodem/lucht enz.). Voor het noorden van Belgié
zal dat leiden tot het behoud van het huidige blootstellingsniveau. Het is belangrijk om te weten dat
minder roken een lager radonrisico als gevolg zou hebben wegens het bijna synergetische effect
tussen radon en roken. Radon moet worden opgenomen in een algemene geintegreerde
benadering van IAQ. Op het vlak van preventieve gezondheidszorg hangt de garantie van een
gezond binnenklimaat sterk af van een aangepast en efficiént ventilatiesysteem. De blootstelling
aan verontreinigende stoffen van de binnenlucht (0.a. radon) neemt toe als de ventilatie van lage-
energiewoningen niet goed is afgesteld of slecht werkt.

Voor een goede IAQ in gebouwen moet er een holistische geintegreerde benadering van 1AQ
(met inbegrip van de bewoners en hun gedrag) worden toegepast, die maatregelen voor
broncontrole van chemische en microbiéle verontreinigende stoffen, preventieve maatregelen voor
radon en ook aangepaste en efficiénte ventilatie van gebouwen omvat. Uit ervaring is gebleken dat
de blootstelling aan verontreinigende stoffen van de binnenlucht (chemische verontreinigende
stoffen, microbiéle verontreinigende stoffen en radon) doorgaans toeneemt als de ventilatie van
gebouwen niet goed is afgesteld of slecht werkt. Daarom verdient het aanbeveling om IAQ te
integreren in de energie-efficiéntievereisten en -procedures van de richtlijn betreffende de
energieprestatie van gebouwen (EPDB). Voorts is er een aanzienlijke behoefte aan een grondigere
integratie van IAQ in beoordelingsprogramma's voor groene gebouwen (BREEAM, Leadership in
Energy & Environmental Design (LEED) enz.). Recente gegevens benadrukken het belang van
een gezonde IAQ in energie-efficiénte woningen, na energie-efficiénte renovaties, bij gebruik van
nieuwe (duurzame) bouwmaterialen of bij aanpassing van de luchtdichtheid of mechanische
ventilatie van het gebouw.

Complexe mengsels van chemische stoffen in het binnenmilieu zijn te wijten aan grote
kwalitatieve en kwantitatieve verschillen in de afgifte van de bronnen van contaminatie van het
binnenmilieu en hun potentiéle gevolgen voor de gezondheid.
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Een diepgaandere analyse van de vorming van secundairereactieproducten en van de cumulatieve
gevolgen die voortvloeien uit de gecombineerde blootstelling aan verschillende stoffen (bv.
groepering van stoffen die dezelfde/vergelijkbare gevolgen veroorzaken) is nodig om het huidige
inzicht in de gezondheid en het comfort binnenshuis van de bewoners te vergroten. Er moet in het
bijzonder aandacht worden besteed aan stoffen met een verschillend maar complementair
werkingsmechanisme voor het uitlokken van bepaalde gevolgen voor de gezondheid, zoals
mutagene agentia die kanker kunnen uitlokken, agentia die tumoren stimuleren en stoffen die
endocriene stoornissen veroorzaken. Wat de chemische verontreinigende stoffen betreft, moeten
er zoveel mogelijk producten met lage emissie worden gebruikt. Bovendien is het aangeraden
om regelmatig de lijsten van prioritaire stoffen aan te passen in verband met nieuwe chemische
stoffen die zijn aangetroffen bij het testen van productemissies. Zo bevat de Belgische prioritaire
lijst geen stoffen zoals vlamvertragers of ftalaten (semiviuchtige organische stoffen (SVOS),
vermoedelijke hormoonontregelaars) en voor bepaalde stoffen op de lijst van prioritaire stoffen (bv.
ammoniak) is er dringend nood aan de ontwikkeling/optimalisatie van een referentietestmethode.
Voorts moet er rekening worden gehouden met het aspect van de chemische eigenschappen
van de binnenlucht bij de chemische typering van de binnenlucht en de emissietests. Bijgevolg
moet er meer onderzoek gebeuren naar hoe materialen/producten worden beoordeeld voor
labelling/certificering met betrekking tot hun gedrag in een echt binnenmilieu waar secundaire
emissies plaatsvinden naast de primaire emissies. Er dienen nieuwe steekproeftools, -methodes
en -analysetechnieken die geschikt zijn voor steekproeven binnenshuis voor nieuwe en
opkomende verontreinigende stoffen te worden ontwikkeld en/of geoptimaliseerd.

Er is behoefte aan harmonisatie van steekproefstrategieén, analysemethodes en
dataverwerkingsstrategieén. Voor microbiéle en chemische verontreinigende stoffen werd
besloten dat er een consensuskader moet worden vastgelegd dat rekening houdt met de grote
variéteit aan steekproefstrategieén, -analysemethodes en -tools, en gegevensbeoordelingstools op
het vlak van gezondheidsrisico's, accuraatheid en representativiteit. De wetgeving voor
microbiologische verontreinigende stoffen moet worden herzien en verduidelijkt op basis van een
methodologische consensus. Er moet een speciale IAQ-werkgroep op nationaal niveau komen, die
vervolgens zou leiden tot de identificatie van aspecten die wettelijk bepaald moeten worden. De
harmonisatie van strategieén voor geschikte tools voor brontoewijzing voor IAQ-beoordelingen bij
binnenmilieus die gezondheidsklachten veroorzaken (brontoewijzing) en gezondheidsklachtenvrije
binnenmilieus zal resulteren in een gerichtere anticipatie op bronnen en de gezondheid van de
bewoners. Nationale IAQ-gegevens zijn vergelijkbaar en toepasbaar op grotere schaal als ze
gebaseerd zijn op geharmoniseerde (referentie)steekproef- en analysemethodes en -strategieén.
Zo zal harmonisatie de validiteit en het gebruik van een referentiedatabase voor IAQ en bronnen
van binnenhuisvervuiling verhogen.

Met het oog op de vrij grote blootstelling aan radon van de Belgische bevolking en het bewezen
verband met de incidentie van longkanker, bestaat de doelstelling op lange termijn erin om de
blootstelling aan radon te verlagen. Voor het zuiden van het land kan dat via initiatieven om radon
te voorkomen in nieuwe gebouwen en via metingen en verlagingen van de niveaus in bestaande
gebouwen. Om extra toename van de blootstelling aan radon te vermijden, moet de radioactiviteit
van bouwmaterialen nauwlettend in het oog worden gehouden en moet in het ontwerp van
energiezuinige gebouwen rekening worden gehouden met radon (aangepaste ventilatienormen,
vermijding van direct contact met bodem/lucht enz.). Voor het noorden van Belgié zal dat leiden tot
het behoud van het huidige blootstellingsniveau.

Het verdient aanbeveling om een grootschalige referentiedatabase voor IAQ in Belgié op te
stellen die representatief is voor binnenmilieus en bronnen van binnenhuisvervuiling in Belgié en
geschikt is voor datamining. In die database moeten dan verschillende binnenmilieus,
(toekomstige) prioritaire stoffen (chemische stoffen, radon en microbiologische verontreinigende
stoffen) en ook emissiegegevens voor alle soorten producten die binnenshuis worden gebruikt
opgenomen worden.
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De database zal een beoordeling van blootstellingstrends over een langere periode mogelijk maken
en gegevens verschaffen voor de evaluatie van (beleids)maatregelen voor preventie en
verlaging van de blootstelling in het binnenmilieu en voor een verkennende studie naar de
socio-economische kosten van de binnenluchtkwaliteit, om zo tot een preciezere berekening van
de door ziekte verloren gezonde levensjaren (disability adjusted lifeyears of DALY’s) te komen. Dat
zou een regelmatige update van de risicokartering voor radon en een meet- en evaluatietool voor
de impact en doeltreffendheid van het radonprogramma op lange termijn mogelijk maken. Voor
andere chemische stoffen kunnen meer data op baselineniveau van verontreinigende stoffen van
de binnenlucht die onlangs als prioritaire stof zijn gekenmerkt (bv. gebaseerd op gegevens over
productemissie) of opkomende verontreinigende stoffen resulteren in een accuratere beoordeling
van het gezondheidsrisico en de bepaling van geschikte preventieve acties. Voor
preventiedoeleinden zal het opstellen van een follow-up op lange termijn van IAQ in een
representatieve woningvoorraad bijdragen tot de kwantificering van de impact van bouwtrends
en het gedrag van bewoners op IAQ en toelaten om de werking van geschikte
datamanagementtools te tonen.

Er is behoefte aan een grondige validatie en communicatie van saneringsmaatregelen voor
zowel chemische als microbiologische verontreinigende stoffen. Voor microbiéle sanering dienen
er specificaties te worden opgesteld, rekening houdend met de geassocieerde risico's van
verschillende saneringstypes. Voor radonpreventie is het aanbevolen om bouwvoorschriften op te
stellen op elk wettelijk bevoegdheidsniveau. Een stapsgewijze benadering voor de bescherming
van bewoners verdient aanbeveling, afhankelijk van het risiconiveau van de bouwzone, met
verhoogde bescherming in de zones met een grote kans op radon. Een systeem dat voorziet in
financiéle steun voor verlaging van de radonniveaus zou een gunstig effect kunnen hebben. Ook
voor blootstelling aan chemische agentia binnenshuis is er behoefte aan duidelijke communicatie
over de doeltreffendheid van verschillende saneringsmaatregelen.

De beoordeling van gezondheidskundige streefconcentraties voor zorgwekkende chemische
en microbiéle verontreinigende stoffen van de binnenlucht moet geharmoniseerd worden. Voor
via de lucht verspreide concentraties van schimmel of schimmelsporen ontbreken er
drempelwaarden. Voorts dient er bij de beoordeling van blootstelling aan chemische stoffen in het
binnenmilieu rekening te worden gehouden met een groter aantal uitgestoten stoffen, wat verder
strekt dan emissies van bouwmaterialen en dan het bereik van de Wereldgezondheidsorganisatie
(WGO). Bovendien zal een uitgebreide en geharmoniseerde lijst van gezondheidskundige
referentiewaarden, met inbegrip van opkomende verontreinigende stoffen, zorgen voor een
accuratere beoordeling van de gevolgen voor de gezondheid van IAQ. Momenteel bestaat dit werk
uit een ‘lappendeken’ van referentiewaarden (RW) met verschillend gebruik van
beoordelingsfactoren.

Deze review benadrukte dat een holistische benadering noodzakelijk is voor een gezonde IAQ
waarin chemische verontreinigende stoffen, radon en microbiologische verontreinigende stoffen
opgenomen zijn en die wordt ondersteund door het gebruik van een aangepast en efficiént
ventilatiesysteem. Nationale en regionale richtlijnen voor alle aspecten in verband met een
gezonde IAQ moeten goed op elkaar afgestemd en geharmoniseerd zijn.
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Keywords and MeSH descriptor terms?

MeSH terms* Keywords Sleutelwoorden | Mots clés Schlisselwdrter
Cost of illness Burden of | Kostprijs van | Colt de la | Krankheitskosten
Disease ziekte maladie
- Disability
Adjusted
Lifeyears
Air Air  pollution, | Luchtvervuiling, Pollution de | Luftverschmutzung,innenraum
indoor binnen l'air, intérieur
Environmental Microbial Microbiéle Polluants Mikrobielle Schadstoffe
pollutants pollutants polluenten microbiens
Priority Prioritaire Polluants Schadstoffe met hoher
compounds polluenten prioritaires prioritat
Radon Radon Radon Radon Radon
Risk Risk Risicobeoordeling | Evaluation des | Risikobewertung
assessment assessment risques
Volatile organic Microbial Microbiéle Composants Mikrobielle flichtige
compounds volatile organic | vluchtige organiques organische verbindungen
compounds organische stoffen | volatils
microbiens
Volatile Vluchtige Composants Fliichtige organische
organic organische stoffen | organiques Verbindungen
compounds volatils
Very volatile | Zeer vluchtige | Composants Sehr flichtige organische
organic organische stoffen | organiques verbindungen
compounds trés volatils
Semi-volatile Semi-viuchtige Composants Semi-flichtige organische
organic organische stoffen | organiques verbindungen
compounds semi-volatils

MeSH (Medical Subject Headings) is the NLM (National Library of Medicine) controlled vocabulary thesaurus used for indexing
articles for PubMed http://www.ncbi.nlm.nih.gov/mesh.

2 The Council wishes to clarify that the MeSH terms and keywords are used for referencing purposes as well as to provide an easy
definition of the scope of the advisory report. For more information, see the section entitled "methodology".
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ABBREVIATIONS AND SYMBOLS

ACGIH American Conference of Governmental Industrial Hygienists

AFSSETT/ANSES  Agence francaise de sécurité sanitaire de I'environnement et du travail

AgBB Ausschuss zur gesundeheitlichen Bewertung von Bauprodukten

AIDS Acquired Immuno Deficiency Syndrome

AIRMEX European Indoor Air Monitoring and Exposure assessment

ALARA As Low As is Reasonably Achievable

APW Association des Provinces Wallonnes

ATSDR Agency for Toxic Substances and Disease Registry Atlanta US

BIBA Binnenlucht in Basisscholen — Indoor air in Primary schools

BoD Burden of Disease

Bqg Becquerel

Bgh/m3 Becquerel hour per cubic meter

BSS Basic Safety Standards

BTEX Benzene, Toluene, Ethylbenzene and Xylenes

CDC Centers for Disease Control and Prevention US

CEHAP Children’s Environment and Health Action Plan

CEN European Committee for Standardization

CFU Colony Forming Unit

Cl Confidence interval

CcO Carbon Monoxide

CO: Carbon Dioxide

COPD Chronic Obstructive Pulmonary Disease

CPR Construction Products Regulation

CRIPI Regional Unit for Indoor pollution in the Brussels Region / Cellule
Régionale d’Intervention en Pollution Intérieure | Regionale Cel voor
Interventie bij Binnenluchtvervuiling

DALY Disability Adjusted Lifeyears

DNA DeoxyriboNucleic Acid

DNPH 2,4-Dinitrophenylhydrazine

EBoD Environmental Burden of Disease

EC/OC Elemental Carbon/Organic Carbon

EHAP European Environment and Health Action Plan

EOTA European Organisation for Technical Assessment

EPA US Environment Protection Agency

EPBD Energy Performance of Buildings Directive

ETS Environmental Tobacco Smoke

FANC Federal Agency for Nuclear Control

FARES Fonds des Affections RESpiratoires ASBL

FLIES Flemish Indoor Exposure Study

GC-MS Gas Chromatography — Mass Spectrometry

GerES German Environmental Survey

HPLC High Performance Liquid Chromatography

HVAC Heating, Ventilation and Air-Conditioning

IAQ Indoor Air Quality

IARC International Agency for Research on Cancer

ICRP International Commission on Radiological Protection

IBGE-BIM Bruxelles Environnement - Leefmilieu Brussel
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ICP-OES Inductively Coupled Plasma Optical Emission Spectrometry
IgE Immunoglobulin E
ISO International Organization for Standardization
ITS Internal Transcribed Spacer
IUR Inhalation Unit Risk
JRC Joint Research Centre
LC Lung cancer
LCI Life Cycle Inventory
LCI Lowest Concentration of Interest
LEED Leadership in Energy & Environmental Design
LNE Departement Leefmilieu Natuur en Energie, Vlaamse Overheid
LPI Laboratoire d’études et de prévention des Pollutions Intérieures
MCR Maximum Cumulative Ratio
MMK Medische MilieuKundige
MTBE Methyl tert-butyl ether
mSv milliSievert
MVOCs Microbial Volatile Organic Compounds
NEHAP National Environmental Action Plan
NS Non Smoker
nSv nanoSievert
ODTS Organic Dust Toxic Syndrome
OEHHA Office of Environmental Health Hazard Assessment
ONE Office de la Naissance et de 'Enfance
OQAI Observatoire de La Qualité de L’Air Intérieur
OR Odds Ratio
PAH Polyaromatic Hydrocarbons
PCR Polymerase Chain Reaction
PM Particulate Matter
RCS Reuter Centrifugal Sampler
RIVM Rijksinstituut voor Volksgezondheid en Milieu
RV Reference Value
S Smoker
SAMI Services d'Analyse des Milieux Intérieurs de Wallonie
SBS Sick Building Syndrome
SCHER Scientific Committee on Health and Environmental Risks
SHC Superior Health Council
RPA Radon Prone Areas
SVOCs Semi Volatile Organic Compounds
TMB Trimethylbenzene
TVOCs Total Volatile Organic Compounds
UNSCEAR United Nations Scientific Committee on the Effects of Atomic Radiation
US EPA United States Environmental Protection Agency
VAZG Vlaams Agentschap voor Zorg en Gezondheid, Vlaamse Overheid
VEA Vlaams Energieagentschap
VOCs Volatile Organic Compounds
VVOCs Very Volatile Organic Compounds
WHO World Health Organisation
WIV-ISP Wetenschappelijk Instituut Volksgezondheid — Institut Scientifique de
Santé Publique
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XRF X-ray fluorescence

YLD Years Lost due to Disability

YLL Years of Life Lost
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l. INTRODUCTION AND ISSUES

Indoor air contains a wide variety of contaminants, typically in a wider range than encountered
outdoors and some pollutants are present at higher concentration levels indoors. Due to the time
activity pattern of the population, in which people spent typically on average 85 % indoors, the
overall exposure to environmental pollution is to a large extend determined by the indoor
environment (EU ENVIE study, 2009). Therefore, indoor air is an important environmental
determinant of an individual's health.

The potential health impact of a poor IAQ and its context have been acknowledged since several
decennia (Nederlandse Gezondheidsraad, 1984), highlighting environmental tobacco smoke (ETS)
as a major indoor air pollutant and assigning the building envelope and its ventilation as potential
determinants of IAQ. Current global trends and evolutions in sustainability, leading to an increased
use of new, more sustainable or recycled building materials and resulting in the construction of
increasingly energy efficient, airtight and insulated buildings with controlled mechanical ventilation,
will indeed have a considerable impact on the quality of the indoor environment in the near future
(Crump et al., 2010). More sustainable buildings also trend to lead to an increasing responsibility
of building occupants in creating a healthy indoor air, in terms of use and maintenance of ventilation
systems.

The contribution of non-ideal 1AQ to the loss of healthy life expectancy, expressed as the burden
of disease (BoD) in disability adjusted life years (DALY) was calculated in the EU Envie study for 7
health burdens: asthma, cardiovascular diseases, chronic obstructive pulmonary disease (COPD),
lung cancer, sick building syndrome, respiratory infectious diseases and acute carbon monoxide
(CO) intoxication. The annual BoD contribution in Belgium varied from 1 to 12 thousand per
disease. At the EU level this involves overall 2 million DALY’s per year within a population of 480
million. A follow up study (IAIAQ, Jantunen et al., 2011) confirmed that the European burden of
disease caused or mediated by indoor air is 3 % of the total BoD. It should be noted that this
percentage is calculated based on available risk numbers which may underestimate the impact,
because for several substances present in the indoor air, no risk numbers are available and
therefore ignored in the calculations.

The health benefits of IAQ policies were quantified for a selection of 12 policies. The figures for
Belgium varied from 0.7 to 17 thousand DALY’s per year per policy. The most significant indoor
contaminants in terms of BoD were: fine particulate matter (PM), dampness, bio aerosols, radon,
CO, volatile organic compounds (VOC’s).

In this context, there is a need for the formulation of guidance and recommendations for the
reduction of the health impact caused by the indoor environment, focusing on contaminants that
significantly contribute to the BoD. This review of the Superior Health Council (SHC) critically
evaluates the current knowledge on the IAQ (chemical pollutants, microbial contaminants and
radon exposures) in Belgian households and public buildings, aiming at the identification of
research gaps, recommendations and needs on a national level.
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Il METHODOLOGY OF THE ADVICE

After analysing the request, the Board and the Chair of the working group identified the necessary
fields of expertise. An ad hoc working group was then set up which included experts in the fields of
chemical pollutants, radon, microbial pollutants. The experts of this working group provided a
general and an ad hoc declaration of interests and the Committee on Deontology assessed the
potential risk of conflicts of interest.

This advisory report is based on a review of existing scientific literature and grey literature published
from 2005 until 2015, supported by the expertise of the national experts.

The review is divided into 3 main sections: Chemical indoor air priority pollutants (PART A), Indoor
microbial pollutants (PART B) and Radon in indoor air (PART C). Subsections of each section
critically evaluate the current national state-of-the-art (in terms of indoor concentrations and
exposures), identified indoor sources, selected health effects and risk assessments, available
legislation, and quantified health benefits resulting from policies, prevention or remediation,
followed by the formulation of conclusions, recommendations and research needs.

The indoor environments considered in this review are homes and public buildings e.g. schools,
day care centres, offices, excluding interiors of transport vehicles and professional (occupational)
exposures indoors. The contaminants considered are chemical agents present in indoor air,
microbial pollutants and radon, excluding physical parameters of indoor environments (e.qg.
temperature, humidity, electromagnetic fields). The indoor chemical sources addressed are product
emissions (of building materials, furnishing, household and consumer products). Human activity
controlled measures, such as passive smoking, impact of HVAC installations and air cleaning
devices, are excluded from this review. Note that passive smoking is not included in this review
because of the extensive availability of literature on the impact of indoor smoking on IAQ and
occupants’ health.

Once the advisory report was endorsed by the working group and by the standing working group
«Chemical agents», it was ultimately validated by the Board.
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[l ELABORATION AND ARGUMENTATION
1. Chemical indoor air priority pollutants in Belgium
1.1 Introduction

Indoor air contains a wide variety of pollutants, typically in a broader range than encountered
outdoors and for large numbers of pollutants at higher concentration levels than outdoors. The
overall exposure to air pollution is to a large extend determined by the indoor environment due to
the time activity patterns of the population (ENVIE study, 2009) which shows that people typically
spend on average 85 % of their time indoors. As a consequence, indoor air is an important
environmental determinant of the individual health of a person. Indoor Air Quality (IAQ) is typically
determined by the ambient air, the building envelope (air tightness, building ventilation and
ventilation system) and indoor sources (such as heating, building materials, consumer products,
etc.). The indoor concentration of a pollutant depends not only on its indoor emission rate, but also
on the rate at which it is transported from outdoors to indoors, and the rates at which it is scavenged
by indoor surfaces, consumed by indoor chemistry and removed by ventilation or filtration (Weshler,
2009). Therefore, global trends in sustainability, resulting in more energy efficient, more airtight,
and better insulated dwellings with a controlled mechanical ventilation system, may have an
important additional effect on the indoor environment in the future (Crump et al., 2010). In this
context, there is a need for the formulation of guidelines and recommendations for the reduction of
the health impact attributed to the indoor environment.

The contribution of non-ideal IAQ to the loss of healthy life expectancy, the so-called burden of
disease (BaoD), expressed in disability adjusted life years (DALY), has been calculated in the EU
ENVIE study (2009) for 7 burdens: asthma, cardiovascular diseases, COPD (Chronic Obstructive
Pulmonary Disease), lung cancer, SBS (sick building syndrome), respiratory infectious diseases
and acute CO intoxication. At EU level overall it involves 2 million DALY’s per year within a
population of 480 million. Jantunen et al. (2011) reported in the follow up study (IAIAQ, 2010) that
ambient air is responsible for two thirds of the total burden of disease (BoD) from indoor air
exposures in Europe. The other one third of the BoD related to indoor air exposures is caused by
heating and combustion equipment (cooking and heating with solid fuels), water systems, and
water leaks. Condensation and underlying soil as a source of radon are other important sources
for the IAQ associated BoD. The most important indoor contaminants in terms of BoD were: fine
PM, dampness, bio aerosols, radon, CO and to a lesser extend VOC:s.

Across Europe, the largest total BoD caused by IAQ from indoor sources is situated in Eastern
European countries (up to 8400 DALY/year x million inhabitants), while Northern European
Countries have the lowest total BoD caused by IAQ from indoor sources (690 - 980 DALY /year x
million inhabitants). Belgium is situated in the second best performing quartile within Europe (980
- 1230 DALY/year x million inhabitants) (Jantunen et al., 2011).

Although the BoD in Eastern European and Balkan countries was reported to be considerably
higher (4th Quartile, 1760 — 8400 DALY /year x million inhabitants) than in Belgium, an improvement
of the IAQ in Belgian indoor environments would further decrease the total BoD for the Belgian
population.

Targeted policy recommendations, abatement measures and guidelines to improve the
environment in various indoor settings on a national level can only be formulated after a thorough
analysis of the knowledge on the actual Belgian indoor situation.

Hoge Gezondheidsraad - 13-
www.hgr-css.be



Neighbouring countries like France and Germany, have taken initiatives to centralize and review
IAQ related research on a national scale. Billionnet et al. (2011) reported indoor levels of 20 VOC
compounds in 490 dwellings in France in relation to the outcomes of standardized questionnaires
on the prevalence of asthma and rhinitis of 1012 inhabitants. The German GerES (German
Environmental Survey) consists of representative nationwide population studies that have been
repeatedly carried out since the mid-1980s. It focuses on exposure, biomonitoring and
assessments via questionnaires in domestic environments. Throughout the years, the outcomes of
this large German study have been reported in more than 14 scientific papers
(http://iwww.umweltbundesamt.de). Other initiatives have been carried out in selected European
countries, like the EXPOLIS study, on personal exposures and micro-environment levels of air
pollutants of urban adults in six European cities during 1 year (1998) (e.g. Kousa et al., 2002;
Saarela et al., 2003; Lai et al., 2007) and the AIRMEX study (European Indoor Air Monitoring and
Exposure assessment) on indoor, outdoor and personal exposure to VOC from 2003-2008 in public
buildings, schools, kindergartens and private homes of eleven cities over Europe (Geiss et al.,
2011).

Open literature contains a large volume of scientific, public and official literature on chemical
contaminants in indoor environments. A search on the Scopus literature database using the
keywords ‘indoor air quality’, led to a total of 2547 European publications between 2005 and 2013
in the EU (search executed on 16/05/2013). According to this search, United Kingdom, Germany
and France are the major contributors to this total amount of European publications. Belgium is
ranked at position 13 of the 18 cited European countries and thereby only accounts for 3.8 % of
the EU publications on IAQ. Note that countries with less than 20 references are not listed.
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Figure 1. Relative contributions to the total amount of publications on IAQ in Europe from 2005 to
2013 (‘Scopus’ search 16/05/2013)

Even though in the last decade several Belgian IAQ assessment studies and projects have been
carried out on national, regional as well as on provincial level, only few projects have been
published scientifically (Bladt et al., 2010; Stranger et al., 2009; Stranger et al., 2008; Stranger et
al., 2007). Up to now, no initiative has been undertaken to integrate and critically analyse the
various study outcomes of assessments in Belgian schools, day-care centres, dwellings, offices,
and other indoor settings in a comprehensive review on IAQ in Belgium.
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This review inventories and reviews the various IAQ assessment studies that have been carried
out in Belgium since 2005, and reports on a health risk assessment based on the assessed IAQ
levels. The wide variety of studied indoor settings and air pollutants will contribute to a more
accurate assessment of the health impact of IAQ in Belgium. A comparison of the existing
knowledge on IAQ to the current state-of-the-art on product emissions will allow a mapping of future
needs on IAQ. Research gaps and needs will be identified and will contribute to the formulation of
conclusions and recommendations for the reduction of the health impact caused by the indoor
environment.

1.2 Overview of Belgian indoor air monitoring initiatives
1.2.1 IAQ assessment studies in Belgium

Data included in this review are restricted to studies performed between 2005 and 2015. The indoor
settings here discussed, are residences and public buildings. However, in order to review IAQ data
that are representative for the majority of the population in terms of contribution to the total
exposure, public buildings in which people tend to spend less than 5 % of their time (Glorieux et
al., 2002; Torfs et al., 2008), are excluded from this analysis.

This review is focused on priority compounds, which are selected based on their prevalence in
WHO guidelines for Indoor Air Quality (WHO, 2010), the Flemish IAQ guideline and intervention
values at regional level (Vlaams Binnenmilieu Besluit, Flemish Decree of the 11" of June 2004),
the INDEX project (JRC, 2005), and the Belgian NEHAP (National Environmental Action Plan)
priority compounds (Belgian implementation of the European Environment and Health Action Plan).
An overview of the targeted chemical priority compounds in this study, supplemented by the health
effect that they may cause, is listed in Table 1. Note that for the chemicals below the dashed line
in the table, no guideline value was assigned by the WHO, by the Flemish IAQ guidelines or the
EU Index project, however they were prioritized in the NEHAP workshop.
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Table 1. Overview of the priority compounds considered in this review

Compound WHO | Flemish EU NEHAP IARC Critical health effects*
1AQ Index worksho | classification
guidelin | project | p $
es
Benzene X X X(G1)** | X Group 1 Leukaemia, genotoxicity,
haemotoxicological effects
Carbon Monoxide X X X(G1) - Neurobehavioral effects,
ischaemic hearth disease
/death
Formaldehyde X X X(G1) X Group 1 Sensory irritation,
Respiratory symptoms
Naphthalene X X(G1) Group 2B Respiratory tract lesions
Nitrogen dioxide X X X(G1) - Respiratory symptoms
Benzo(a)pyrene X Lung cancer, respiratory
effects
Radon X Group 1 Lung cancer
Trichloroethylene X X X Group 2A Carcinogenicity (liver,

kidney, bile duct and non-
Hodgkin’s lymphoma)

Tetrachloroethylene | x X Group 2A Effects on kidney

Acetaldehyde X X(G2) X Group 2B Respiratory symptoms

Total aldehydes** X -

Asbestos X Group 1 Cancer

Carbon Dioxide X - -

Ozone X - Respiratory symptoms

Toluene X X(G2) X Group 3 Neurological effects

VOC (total)** X -

PM 25 X - Cardiovascular and

(airborne particles) Respiratory effects

PM 10 X - Cardiovascular and

(airborne patrticles) Respiratory effects

Xylenes X(G2) Group 3 Sensory irritation,
neurological effects

Styrene X(G2) Group 2B Neurological effects

Alfa-pinene X(G3) X Sensory irritation

Limonene X(G3) X Group 3 Sensory irritation,
neurological effects

Ammonia X(G3) - Respiratory effects

1,2,4 X - Neurological effects,

trimethylbenzene decreased clotting time

Triclosan X - Endocrine effects

Methylene-di- X - Hyperplasia of the olfactory

isocyanate epithelium

Glycol ethers X

Permethrin X Group 3 Neurological effects

Vinylchloride X Group 1 Cancer, effects on liver

Brominated Flame X - Neurobehavioral effects

Retardants

*health effects reported in the INDEX study (JRC, 2005), WHO IAQ guidelines (2010)

** G1: high priority compounds; G2: second priority compounds and G3: Chemicals requiring further research with regard to human exposure or
dose response

* IARC classification: Group 1: Carcinogenic to humans; Group 2A: Probably carcinogenic to humans; Group 2B: Possibly carcinogenic to humans;
Group 3: Not classifiable as to its carcinogenicity to humans (http://monographs.iarc.fr/ENG/Classification/index.php)
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The listed initiatives in establishing guideline values and priority compounds have resulted in
several national and European initiatives related to the indoor environment, source
characterisation, exposure and risk assessments, health impact evaluations and scattered national
or regional legislative initiatives. In the time frame of the EHAP (European Environment and Health
Action Plan)-NEHAP, several IAQ monitoring campaigns and studies (e.g. FLIES (Flemish Indoor
Exposure Study), BIBA (Binnenlucht in Basisscholen — Indoor air in Primary schools), Clean Air
Low Energy, screening of dwellings, green ambulances), policy inventarisation studies, source
characterisation projects (e.g. Hemicpd) and related risk assessments have been initiated in
Belgium, resulting in proposals for measures to tackle sources and reduce the health impact.
Sources that mainly have been addressed in Belgium up to now are indoor consumer and building
products e.g. air fresheners, floor coverings, construction materials rather than mechanical
ventilation systems, air cleaning devices or activity control (except Environmental Tobacco Smoke
(ETS)). Legislation with a strong impact on the indoor environment was implemented through EPBD
regulations and through regional IAQ guidelines and intervention values.

The experience and expertise that has been built up through this wide variety of studies and
projects in Belgium, led to considerable contributions and leading roles in multiple ongoing EU
projects (e.g. Officair, EPHECT, Sinphonie, Intarese, etc.) as well as data supply for SCHER
(Scientific Committee on Health and Environmental Risks) and IndoorMonit.

In the field of Belgian indoor air quality monitoring, two different types of IAQ assessments can be
distinguished: (1) IAQ studies in health complaint-free indoor settings, organized in buildings
where no health complaints are reported by the occupants, in order to determine representative
pollutant levels in characteristic indoor micro-environments (to set ‘baseline’ indoor air quality
values) and to evaluate the potential health risk hereof, and (2) IAQ studies in buildings where
occupants report indoor-related health complaints, organized to identify a cause or a source
of indoor contamination and health complaints. The two different types of IAQ assessments are
discussed in the following paragraphs.

1.2.2 Air Quality assessments in health complaint-free indoor settings
1.2.2.1 Description of the Belgian studies

This first type of IAQ assessments consists of targeted larger scale studies. In Belgium, this
research is organised on a regional level or consists of national contributions to larger-scale EU
research projects. The main objectives are to identify common indoor sources in the study
population and to establish baseline values of chemical indoor air pollutants in specific indoor
environments. This type of studies is also organized to evaluate IAQ in relation to regional (Flemish
Indoor Environment Decree, 11" of June 2004) or other relevant IAQ guidelines (e.g. WHO 1AQ
guidelines) as well as to assess the exposure and health risk related to a specific indoor setting.
The study design (recruitment and selection of indoor sites, pollutants, sampling methods, sampling
duration and strategies) is subject to the specific focus of the project, and thus may vary between
the different studies.

The FLIES study was organized in 2006-2007 to explore indoor and related outdoor levels of 14
air contaminants and the associated health risk in different environmental settings. Dwellings,
learning environments (schools, day-care centres), transport (public and private transport) and
recreational rooms (gym room, swimming pool and library) were included; sampling was performed
on 190 sampling points at 73 locations. Passive air samplers were exposed during one week to
assess air concentrations of aldehydes (Umex 100 passive sampler, SKC), VOCs (radiello passive
sampler, Supelco) and NO; (IVL passive sampler, Sweden). Indoor CO,, temperature and relative
humidity were monitored as well.
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The BIBA project was organised during the heating season of 2008-2009 in 90 classrooms of 30
primary schools; 14 air contaminants were measured during 5 consecutive school days in 150
indoor and outdoor sampling points. The objective was to assess indoor concentration levels in a
set of classrooms, homogeneously covering Flanders, and representative for the actual school
building patrimony in Flanders. The impact of ambient air, classroom furniture and (non-) ventilation
on the IAQ, and the relation with the respiratory health of pupils was studied. Passive air samplers
were exposed simultaneously indoors and outdoors during five consecutive school days to assess
air concentrations of aldehydes (Umex 100 passive sampler, SKC) and VOCs (radiello passive
sampler, Supelco). Particulate matter levels were studied optically (Grimm 1.108 monitor) as well
as gravimetrically (Harvard type MS&T area samplers, Air Diagnostics) during teaching hours (i.e.
from 8:00 a.m. until 04:00 p.m.). Indoor CO,, temperature and relative humidity were monitored
continuously during the sampling period of each school.

In the Surveillance of Complaint-Free Dwellings, a set of 20 chemical contaminants was
assessed in 450 residences, geographically covering the regional area of Flanders and including a
selection of residences that is representative for the actual building stock and urban as well as rural
areas. Fieldwork was organized from 2008-2012 and covered all seasons. The objective of this
study was to assess IAQ values in representative complaint-free houses, to identify sources and
causes of increased indoor levels and to evaluate the indoor environment of complaint-free houses
to the Flemish Indoor Environment Decree. Passive samplers were exposed indoors during 7 days
to assess air concentrations of aldehydes (Umex 100, SKC), VOCs (radiello) and NO: (IVL,
Sweden). Indoor CO,, temperature and relative humidity were monitored as well.

Clean Air Low Energy was targeted to dwellings and schools in mechanically ventilated low-
energy and passive buildings. Simultaneous indoor and outdoor sampling was performed in 25
houses and 26 classrooms using passive samplers for aldehydes (Umex SKC) and VOCs (radiello)
measurements. PM was studied gravimetrically (PM.s, Harvard type MS&T area samplers; in
classrooms from 8:00 a.m. until 04:00 p.m.; in houses during 3 successive days of 24h) as well as
optically (Grimm 1.108). Besides CO», temperature and relative humidity monitoring, the building
air tightness and the ventilation rate were characterised as well. Additionally air samples and settled
dust was analysed for bacterial and fungal content.

In the activities of the Green Ambulance CRIPI (French acronym of the Regional Unit for Indoor
pollution in the Brussels Region), a new project was developed in 2006. A third of the total number
of CRIPI enquiries concern the age group of 0-6 years and nurseries; so places where young
children spend a lot of their time. Therefore an extension of the routine work of CRIPI has been
developed to carry out enquiries on the quality of the indoor environment in nurseries. Approached
on a voluntary basis, 28 nurseries have been analysed. A questionnaire was completed by the staff
of the nursery before the measurements were performed in the different rooms (playrooms,
bathrooms, bedrooms and kitchen). The following pollutants are quantified: VOC (benzene,
toluene, xylenes, chlorinated solvents, terpenes, etc.), formaldehyde, and pesticides. Temperature,
relative humidity, particles matter (PM1-2.5-10), CO; and nitrogen oxides were also measured.

The NEHAP Nurseries project aimed at identifying problems in the indoor environment of
nurseries in order to reduce a potential negative impact on children’s health, to enhance awareness
and prevention in nurseries in relation to indoor environment, to support participating nurseries in
adapting and improving the quality of indoor environment and to suggest efficient solutions to the
identified problems. Jointly financed by the Belgian ministers in charge of environment or health as
part of the implementation process of the CEHAP (Children’s Environment and Health Action Plan)
(www.nehap.be), the project developed an auto-assessment tool enabling to evaluate the indoor
environment of nurseries. It was based on factors that could be observed by the staff. The aim of
this phase was to assess about 600 nurseries on a national scale. Training sessions have been
organised locally, explanatory guidelines were developed and a help desk service was made
available during the whole process.
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An additional analytical phase enabling evaluation of factors that could not be observed by the staff
was organised. This investigation was carried out in a limited number (25) of nurseries. The
temperature and relative humidity have been measured by means of a CTN device and CO and
CO., respectively by means of an electrochemical device and a PID device (all TESTO 400). VOCs
have been analysed by gas chromatography — mass spectrometry (GC-MS) according to the NBN
EN ISO 16017-1 standard after 4 hours of sampling (300 ml/min) with a Gilair 5 programmable
personal sampling pump (Gillian) having a capacity of 20 ml to 6 I/min. on carbotrap cartridges.
Formaldehyde and acetaldehyde have been analysed by high performance liquid chromatography
(HPLC) (ISO 16000-3) after 48 hours of passive sampling on a DNPH (2,4-Dinitrophenylhydrazine)
cartridge. Lead in paintings has been tested with a portable X-ray fluorescence (XRF) spectrometer
(NITON XLP/300) and confirmed by atomic absorption if presence was detected, according to the
standard NF FD T90-119. Lead in water has been analysed by Inductively Coupled Plasma Optical
Emission Spectrometry (ICP-OES) (ISO 11885 standard) with a Perkin-Elmer. PM2.5 and PM10
have been sampled through a gravimetric method (Impactor Harvard) and the inorganic
composition of the samples determined with an EDXRF Epsilon-5 system. An alpha counter
(RADIM 3A) allowed to identify the level of radon. Mould in air has been sampled by means of a
RCS + Biotest and on surfaces by means of the RCS (Reuter Centrifugal Sampler) method and
RODAC boxes. Legionella, for which the lab is ISO 17025 certified, has been identified through a
PCR (Polymerase Chain Reaction ) research method and culture undertaken when PCR was
positive (standard NF T90-431). Dust mites have been tested with an Acarex test. The analytical
phase has allowed confirming some elements highlighted through the questionnaire or highlighted
new ones. In order to increase the long term impact of the project, all participating nurseries
received targeted recommendations, results have been presented during training sessions and a
tool kit has been proposed for future workshops.

The PAH study (Polyaromatic Hydrocarbons study) was organized in order to assess the indoor
exposure and demonstrate the applicability of human biomarkers for PAHs in Flanders. More
specific the study aimed at: (i) an estimation of the sources of indoor PAHSs, (ii) the use of
biomarkers for estimation of PAH exposure and effects, (iii) putting forward interesting
indicators/compounds for policy follow-up of indoor air quality. Indoor measurements of PAH in
suspension and in settled dust were performed in 25 residences in the provinces of Antwerp and
Limburg, in Flanders during winter and summer of 2010. 16 PAH compounds were identified in
both fractions: naphthalene, acenaphtylene, acenaphthene, fluorene, fenanthrene, anthracene,
fluoranthene, pyrene, benzo(a)anthracene, chrysene, benzo(b)fluoranthene,
benzo(k)fluoranthene, benzo(a)pyrene, indeno(1,2,3-cd)pyrene, dibenzo(a,h)antracene,
benzo(g,h,i)perylene.

The SAMI-LUX (Services d’Analyse des Milieux Intérieurs de Wallonie - Luxembourg) study in
primary schools was organised in 72 schools in the province of Luxembourg in order to assess
the school indoor environment, to formulate recommendations and to sensitize the school
population. VOCs and TVOC were monitored actively during 60 minutes (carbotrap), and
formaldehyde was sampled actively during 240 minutes. Temperature, relative humidity and CO-
were determined by 6 point measurements during the first half of a school day.

Table 2 gives an overview of all IAQ surveys campaigns that have been performed in Belgium in
health complaint-free buildings since 2005. In the table it can be noticed that the majority of these
locations concerns residences. Knowledge on IAQ in public buildings is focussed to studies in
schools and nurseries. Only a minor fraction of the air samples has been collected in recreational
rooms or transport means. In total 573 health complaint-free residences, 117 schools and 98
nurseries have been characterised by surveys on IAQ in Belgium. Furthermore, it can be noticed
that IAQ surveys are commonly focused to the characterization of multiple components. In fact
every reported study reports at least 12 indoor chemical parameters. It should be noted that Table
2 only reports studies with open access to data.
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Table 2. IAQ surveys in health complaint-free indoor environments in Belgium since 2005

N° of chemical

training toolbox

Study Objective . Locations N° of sites Coordinator
contaminants
:zgrer::':gs’ Environment,
Explore IAQ ind ning 190 sampling | Nature and
LNE FLIES | Jevels; measure | -4 ~ Indoors | environments, oints of 73 | Energy Dept
T and outdoors transport and | Pont gy pL.,
(2006-2007) | |AQ guidelines . locations Flemish
recreational Government
rooms
Exol A Environment,
Ie)\(/ZI(;reat schoo? 150  sampling | Nature and
LNE — VAZG identify sources. | 14 ~ indoors | Primary  school | points, 90 | Energy  Dept.
BIBA ' | and outdoors classrooms classrooms , 30 | and Dept. of
(2008-2009) | measure  1AQ schools Public Health
guidelines Flemish
Government
VAZG
Flanders Explore IAQ Dept. of Public
Surveillance | levels . In _ _ _ Health
of Complaint- dwellings; identify | 20 - indoors Dwellings 450 residences | Flemish
Free sources; measure Government
Residences IAQ guidelines
(2008-2012)
Exol A Environment,
LNE — VEA Ie)\(/pelzre 8 Energy efficient | 104 sampling | Nature  and
Clean A, | dwellings: identify | 23 — indoors | dwellings and | points, 27 | Energy  Dept.
Low Ener 95 and outdoors school classrooms and | and Energy
gy | sources; measure . Agenc
(2011_2012) . . classrooms 25 dWe”lngS g Y,
IAQ guidelines Flemish
Government
Explort_a IAQ _ Playrooms, Brussels
CRIPI levels in day-care | 37 - indoors | bathrooms, 28 nurseries Environment
nurseries centres, identify | and outdoors bedrooms, (BIM)
sources kitchen
Develop an auto-
assessment tool, Alto. 494  nurseries | Hainaut
NEHAP confirm and Lestionnaire + through  auto- | vigilance
nurseries explore IAQ levels | 9 5 guestionnaire + | ganitaire _
project , propose | 15 parameters | Day care centres _ -
appropriate indoFc))rs, part 25 nurseries Eﬁg:ienui en
(2007-2009) | recommendations | outdoors tested, 3 Hai d
ainaut
and develop a rooms/nursery

Nurseries in
Hainaut
Province
(2004-2005)

Explore IAQ
levels and
propose
appropriate
recommendations

12 parameters

Day care centres

45 nurseries

Hainaut
Vigilance
Sanitaire -
Hygiene
Publique en
Hainaut

Assessment of

16 parameters,
in gas phase,

Environment,

LNE - PAH indoor exposure | particulate Elﬁt;re De tand
and use of human | matter and | Dwellings 25 residences gy Dept.

study (2010) . Flemish
biomarkers for | settled dust, Government
PAHSs in Flanders | indoors and

outdoors

sami-Lux | Explore - 1AQ | 1 o ameters, | Primary  school SAMI-LUX
levels in primary | ; 72 schools

(2010) indoors classrooms
schools
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1.2.2.2 IAQ monitoring results in complaint-free settings

The set of chemicals assessed in a survey on IAQ is function of the specific research objective of
that study, e.g. studies aiming at an impact assessment of outdoor environmental conditions on the
indoor environment such as traffic, typically include NO;, BTEX, and PMx; whilst studies focussing
on the assessment of the impact of ventilation, building materials, furniture, or decoration on the
IAQ target on indoor aldehydes and VOCs. Erreur ! Source du renvoi introuvable. provides an
overview of the different sets of chemicals that have been quantified in the respective Belgian
studies on IAQ since 2005.

According to this overview (Erreur! Source du renvoi introuvable.) 9 of the 30 priority
compounds (as listed in Table 1) have not been quantified in any of the Belgian IAQ surveys. These
include CO, ozone, ammonia, triclosan, methylene-di-isocyanate, glycol ethers, permethrin,
vinylchloride, and brominated flame retardants. CO however, was reported to be part of the
measuring plan of several studies, but it was only monitored in case of suspicion. Ozone was not
included in the measuring plan of the studies reported in this review, but it has been monitored in
residential and school indoor environments before the year 2005 (Stranger et al. 2009; Stranger et
al. 2008). Because of the instability of this compound in indoor environments, indoor levels are
generally low. It can be concluded that for the compounds ammonia, triclosan, methylene-di-
isocyanate, glycol ethers, permethrin, vinylchloride and brominated flame retardants, there is a
need for baseline reference values for indoor air on a national level. Note that several of these are
emerging pollutants of which indoor levels, the toxicological impact and related exposures are
currently still being explored and evaluated (e.g. the INFLAME study, in which exposures, exposure
pathways, and  toxicological aspects of flame retardants are  studied -
http://www.birmingham.ac.uk/research/activity/inflame/index.aspx).

Only 11 of the 30 priority compounds listed in Table 1 have been quantified in a major part of the
788 Belgian health complaint-free indoor settings (residences, schools and nurseries). Based on
the quantity and the random selection procedures of the sampling sites, we can assume a
representative subsample of the Belgian building stock. In fact, only benzene, toluene,
formaldehyde, acetaldehyde, tetrachloroethylene (all but two) and TVOC have been quantified in
all listed Belgian studies, except for one. An overview of the indoor air concentration levels that
were found for these compounds is shown in Table 3. Concentrations varied considerably for
certain compounds, such as benzene, toluene, acetaldehyde and TVOS of which the median
values in the different datasets ranged from 0.7 to 5.0 ug/ms, from 1.7 to 20 pg/m3, from 5 to 22
pg/ms3 and from 63 to 490 pg/m3 respectively. For other compounds quantified in the major part of
the datasets, such as formaldehyde, smaller variations were noticed between the different datasets,
with median values ranging from 11 to 23 pg/m2.

NO2, PM2s, PMio, styrene, alpha-pinene and limonene were only characterised in half of the
available Belgian studies. For these parameters a considerable variability was noticed, which was
most pronounced, for PM fractions and limonene. For PMx (particulate matter in suspension) the
lowest concentrations were observed in residences, the highest levels were found in schools and
nurseries, both characterised by more resuspension of settled dust as a consequence of the
movements of people/children, with a higher impact on the larger PM fractions.

Additionally, a significant set of chemical parameters, other than the listed priority compounds, has
been quantified in health-complaint-free indoor environments. They include alkanes, methyl tert-
butyl ether (MTBE), pesticides, and PAH compounds different from naphthalene and
benzo(a)pyrene.
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Table 3. Indoor concentration levels of benzene, toluene, formaldehyde, acetaldehyde, tetrachloroethylene
and TVOC (in pg/m3).

benzene toluene formaldehyde | acetaldehyde | tetrachloroethylene Xc?til)**

FLIES min 0.7 1.3 1.4 1.1 0.1 138
residences median | 2.1 8.1 23.7 21.8 0.3 491

mean [295+3.1 |14.0%+185 |31.6+23.6 23.7+17.8 1.45+6.0 580 + 337

max 23.7 122 124 65 52 2790
VAZG min 0.1 0.9 0.2 0.7 0.1 0.1
residences median | 1.0 5.1 22.7 6.2 0,1 337

mean 1.65+2.56 | 31+ 366 26.1 +16.4 8.5+16.0 1.24 £10.0 437 + 550

max 29 7704 180 264 195 7520
Clean Air Low | min 0.1 0.9 5.0 6.3 0.1 184
Energy median | 0.8 1.7 16.3 7.7 0.1 271
residences mean |0.98+0.57 [3.1+2.68 |16.9+6.8 85+1.74 0.10 £ 0.000 318 + 193

max 2 11 29 13 0.1 1170
FLIES day-care | min 1.22 2.93 10.8 3.1 0.2 255
centres median | 1.98 4.2 16.5 18.5 0.2 395

mean 1.92+0.60 | 4.7+1.87 19.4+9.5 21.2+19.6 0.28 + 0.20 429 + 179

max 2.85 7.9 34 43 0.68 766
BIBA schools min 0.4 0.9 6.3 2.2 0.1 11

median | 1.1 3.2 23.0 5.1 0.2 64

mean 1.41+0.88 {45+48 25.6+12.9 54+1.84 0.37 £ 0.44 74 + 60

max 4.0 40.5 70.6 11.7 2.2 500
Clean Air Low | min 0.7 1.2 12.1 4.1 0.1 146
Energy schools | median | 1.1 5.2 22.9 6.5 0.1 439

mean 1.64+1.14 1109+17.8 [259+£11.0 8.7+5.2 0.14 +£0.12 455 + 229

max 5.8 89.0 62.3 23.7 1 1036
CRIPI nurseries | min 1.0 3.0 5.6 0 21

median | 2.0 7.7 17.9 2 75

mean |21 10.7 20.6 4 79

max 4.3 46.6 78.0 19 186
Belgian min 0.5 0.5 6.2 2.9 93.9
nurseries median | 2.0 19.7 15.1 6.7 467

mean |29 35.5 21.2 8.7 736

max 8.5 344 103 24.3 2700
SAMI-LUX min 0.6 0.0 8,0
schools median | 5.0 8.2 228

mean |7.5 40.9 1170

max 43 2681 42100

An important consideration concerning the applied sampling methods should be made when
comparing and evaluating the outcomes of the IAQ assessments. In fact the different study
objectives of the surveys that were translated into measuring plans and sampling methods differ
between the different studies. As a consequence both active and passive measurement techniques
have been applied to assess the same chemical.

For VOC quantification as an example, passive sampling devices were utilised during 1 hour, 5
days and 7 days, but also active sampling on Tenax was applied during shorter periods of time in
one study. However, assuming an effective quality assurance and quality control in each laboratory
involved in the different field studies, the accuracy of all outcomes should be acceptable and data
can be mutually compared. Specifically when reporting TVOC concentrations, different analytical
definitions of this compound group may have been applied (ECA report n°19, 1997), which could
(will) impact on the reported concentration ranges. Also for PMx quantifications, both gravimetrical
and optical techniqgues have been applied. Considering the influence of meteorological
circumstances on the outcomes of optical PMx measurements, caution should be taken when
comparing the PMx outcomes of different studies. Concerning field sampling and installation
procedures, guidelines for indoor sampling as described in ISO 16000-1 were respected in the
Belgian studies.
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Table 4 Overview of chemical characterisations in health complaint-free indoor settings

SCHOOLS/DAYCARE CENTRES COMPLANT-FREE

HOUSES COMPLAINT-FREE

Compound BiBa Clean Air Nurseries NEHAP CRIPI FLIES - SURVEILLANCE Clean Air FLIES PAKS 500
Low Energy Hainaut Nurseries | Nurseries | child care Low Energy | dwelling dwellings

Prioritised compounds

Benzene X X X X X X X

Carbon Monoxide

Formaldehyde X X X X X X X X X

naphthalene X

Nitrogen dioxide X X X X

Benzo(a)pyrene X

Radon X X

Trichloroethylene X X X

Tetrachloroethylene X X X X

Acetaldehyde X X X X X X

Total (other) aldehydes** X X X X X

Asbestos X X

CO, (24h) [ppm] X X (X) (X) X X X

Ozone

Toluene X X X X X X X

VOC (total)** X X X X X X X X

PM ;5 (airborn particles) X X X X X X

PM 19 (airborn particles) X X X

m- + p-Xylene [pg/m?3] X X X X X X X

o-Xylene [ug/m3] X X X X X X X

Styrene X X X X X

Alpha-pinene X X X X

Limonene X X X X

Ammonia

1,2,4 trimethylbenzene X X X X X

Triclosan

Methylene-di-isocyanate

Table 4 continued

Glycol ethers

Permethrin

Vinylchloride

Brominated Flame Retardants
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Compound

other compounds

SCHOOLS/DAYCARE CENTRES COMPLANT-FREE

HOUSES COMPLAINT-FREE

BiBa

Clean Air
Low Energy

Nurseries
Hainaut

NEHAP
Nurseries

CRIPI
Nurseries

FLIES -
child care

SURVEILLANCE

Clean Air
Low Energy

FLIES
dwelling

PAKS

500
dwellings

Hexane

Heptane

>

>

>

Cyclohexane

>

>

>

Methyl cyclohexane

MTBE

Ethylbenzene

1,4-Dichlorobenzene

n-Butylacetate

3-Carene

X | X | X | X |Xx

X | X[ X[ X|X

XX | X | X |X

He

Pesticides

acenaftyleen (ng/m?3)

acenafteen (ng/m?3)

fluoreen (ng/m3)

fenanthreen (ng/m3)

antraceen (ng/m3)

fluorantheen (ng/m?3)

pyreen (ng/m?3)

benzo(a)antraceen (ng/m?3)

chryseen (ng/m3)

benzo(b)fluorantheen (ng/m3)

benzo(k)fluorantheen (ng/m3)

benzo(a)pyreen (ng/m?3)

indeno(1,2,3,c,d)pyreen
(ng/m?)

X X |X[X[X[X|[X|X|X|X|X|X|X

benzo(g,h,i)peryleen (ng/m?3)

>

dibenzo(a,h)antraceen (ng/m3)

>




1.2.3 Air quality assessments in health complaint indoor settings
1.2.3.1 Description of the Belgian studies

The second type of IAQ studies in Belgium focuses on settings where occupants report health
complaints that are potentially related to the indoor environment. The studies are organized to
identify a cause or a source of indoor contamination, and may therefore be of smaller scale, and
more diagnostically than the first study type, since each case is considered and reported
separately. Aiming at the reduction of health complaints related to the indoor environment in
residences and in public buildings, the regional Belgian governments have developed the local IAQ
services for citizens. The local IAQ services offer a screening of the indoor environment, adapted
to the occupant’s health complaint(s) and to the diagnostics of treating doctors. The aims of their
actions are the identification of these problems and the formulation of remedial actions. The
monitoring objective is to organise measurements in response to health and comfort complaints of
occupants; in specific cases they can also be organised with the objective to evaluate the success
of remedial actions.

For reasons of authorisation, the Belgian local IAQ services are organized on a regional level. This
implies that Belgium has the ‘Ambulance Verte CRIPI-RCIB’ (Brussels), the ‘|IAQ Service’
(Flanders) and the ‘SAMI’ service (the Walloon region, e.g. the ‘SAMI-Lux’ in the Province of
Luxembourg). These 3 Belgian systems follow a similar strategy and share the same aims and
objectives. They typically follow a stepwise, systematic approach, which is described in an IAQ
service protocol. This protocol consists of a questionnaire-based screening of the environment, an
indoor environment inspection, the consultation of previous cases in a database on IAQ complaints,
the organisation of air quality measurements and the comparison of the outcomes with similar
cases, with IAQ guidelines and with typical pollutant levels reported in complaint-free houses. The
results and, if applicable, a proposal for remedial actions are directly reported to the occupant. If
necessary this process is followed by a verification of the effectiveness of the remedial actions.

It should be emphasized that not for all complaints all stages of the protocol are undertaken. In
some cases, the cause of the health problem can already be identified in one of the first stages of
the protocol. This is then based on experience and IAQ measurements in previous, similar cases.
In such a case no further actions are needed to formulate remedial actions for the occupant to
create a healthier indoor environment.

In the Brussels-Capital Region the unit termed “CRIPI” developed the format of “Green
Ambulances”. It provides a service to medical doctors in an “indoor environmental diagnosis” to
support medical diagnoses and to relate indoor environment and its impact on health. Until now
CRIPI has performed more than 1800 enquiries. The investigation at each home included three
parts: the completion of a questionnaire by the occupant, if possible the patient; and chemical and
biological sampling of the dwellings. At the chemical level, air samples are taken using a passive
radial diffusion device (radiello, Supelco) filled with Tenax for adsorption of volatile organic
compounds such as benzene, toluene, xylene, chlorinated compounds, terpenes etc. The complete
sampling procedure takes on average one hour. The compounds retained on the cartridges are
subsequently thermally desorbed. Formaldehyde is directly measured by using a portable analyser
INTERSCAN with electrochemical cell. A systematic diagnosis of the chemical and biological
parameters is realized from the main living rooms and from outside. Each result is stored in a
database together with information from the questionnaire. This allows to evaluate the quality of
indoor air in the Brussels Region but also to develop a strategy for preventive actions in indoor
pollution.
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In the VAZG (Vlaams Agentschap voor Zorg en Gezondheid) IAQ service in Flanders, the indoor
environment was assessed using passive samplers for aldehydes (Umex 100, SCK) and VOC
(radiello, Supelco) measurements. Depending on the nature of the potential indoor source,
complementary active sampling on Tenax was performed. If included, PM was studied
gravimetrically (PMzs, Harvard type MS&T area samplers), where after it was subject to further
characterisation steps (XRF, electron microscopy, Elemental Carbon/Organic Carbon (EC/OC)
analysis, etc.). CO,, temperature and relative humidity are monitored throughout each respective
sampling campaign.

The SAMI (Service for Indoor Environmental Analysis) in the Walloon region closely collaborates
with doctors in order to identify a possible relation between patients’ health problems and the
occurrence of indoor air pollutants in buildings. A wide variety of chemicals can be characterised
in the indoor environment depending on walk-through observations and symptoms of the
inhabitants. Results of the IAQ assessment and recommendations to improve the indoor
environmental quality are reported to the doctors, who inform their patients.

Table 5. IAQ surveys in health complaint indoor environments in Belgium since 2005

Study Objective N° of chemical | Locations N° of sites Coordinator
contaminants
CRIPI IAQ source/cause | 14 - Indoors | Residences in the | 1800 dwellings Brussels
identification and outdoors Brussels Region Environment
(BIM)
VAZG 1AQ | IAQ source/cause | Variable, Residences and | 54 without | Dept. of Public
service identification depending on | public buildings in | measurements / | Health
the case the Flanders | 27 with | Flemish
Region measurements | Government
SAMI IAQ source/cause | Variable, Residences and
identification depending on | public buildings in
the case the Walloon
Region

1.2.3.2 IAQ monitoring results in health complaint indoor settings
1.2.3.2.1 Indoor related health effects and their origins

Health complaints (defined as health symptoms diagnosed by a medical doctor), reported by the
occupant to be potentially related to the indoor air quality of a residence or a public building, are
inventoried by the respective regional organising services for public health. Although a wide variety
of health complaints is reported, the nature of the complaints allows a categorisation into 9
commonly reported health symptoms: (1) airway related symptoms, (2) fatigue, (3) allergies, (4)
irritation of mucus membranes, (5) eye irritation, (6) headache, (7) dizziness, (8) skin irritations, (9)
others.

The prevalence of these health symptoms is illustrated in Figure 2, which is based on 194 reported
health complaints in 2012 at the Flemish IAQ Services. The figures highlight airway related
symptoms as being the most prevalent symptom related to the indoor environment, followed by
allergies and headaches. Eye irritations and dizziness are least frequently reported.
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Figure 2. Health symptoms related to 194 Figure 3. Prevalence of parameters causing
reported complaints in 2012 (Flanders) IAQ health complaints based on 36 walk-
throughs in 2012 (Flanders)

From: Vragen en klachtenrapport, Agentschap Zorg en Gezondheid, 2012

The 194 reported Flemish health complaints in 2012 were each treated individually, by informing
and sensitizing inhabitants for remedial and preventive actions. A selection of 36 cases hereof
could not be solved by providing information and was thus subjected to a walk-through inspection.
Figure 3 illustrates that reported health complaints may have variable (and multiple) causes, but
moulds and fungi are by far most abundant, which is noticed (confirmed) by each IAQ Service in
Belgium. However, a similar quantity of reported health complaints is related to chemicals, such as
asbestos, odour nuisance, CO, VOCs, heavy metals and other chemicals. A considerable part of
the indoor related health complaints was also attributed to pests and electromagnetic radiation .

1.2.3.2.2 1AQ in residences and public buildings with indoor related health complaints

The considerable case-by-case variation in the nature of the health complaints, as well as the
applied measuring plans, leads to a small overlap of the quantified chemicals between the different
IAQ services, as indicated in Table 6.

It should also be noticed that the marked compounds in the table represent chemicals that can be
guantified in these small-scale individualised measuring campaigns; however they are not always
part of a standard set of air pollutants that is monitored indoors when a health complaint is reported.

According to the table, most of the health complaint IAQ assessments are related to residential
indoor environments, rather than public indoor environments. This observation should be
considered with caution, since health complaints in schools may have been reported in the general
health complaint report of an IAQ service.
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Table 6. Overview of chemical characterisations in health complaint indoor settings

Compound

Prioritised compounds

SCHOOLS/DAYCARE CENTRES COMPLAINT

HOUSES COMPLAINT

COin schools

other

other

CRIPI

HEALTH
COMPLAINT
SURVEY

SAMI

Benzene

Carbon Monoxide

Formaldehyde

naphthalene

Nitrogen dioxide

Benzo(a)pyrene

Radon

Trichloroethylene

Tetrachloroethylene

Acetaldehyde

Total (other) aldehydes**

X[ X[ X|X

Asbestos

CO; (24h) [ppm]

Ozone

Toluene

VOC (total)**

PM ;5 (airborne particles)

PM 1o (airborne particles)

m- + p-Xylene [ug/m?3]

o-Xylene [ug/m?3]

Styrene

Alpha-pinene

Limonene

XX [ X[ X|X| X| X|X|X

X[ X[ X|[X|X

Ammonia

1,2,4 trimethylbenzene

Triclosan

Methylene-di-isocyanate

Glycol ethers

Permethrin

Vinylchloride

Brominated Flame Retardants

other compounds

Hexane

Heptane

>

Cyclohexane

>

Methyl cyclohexane

MTBE

Ethylbenzene

1,4-Dichlorobenzene

n-Butylacetate

3-Carene

Hg

X | X | X |X|X|X

Pesticides

acenaftyleen (ng/m?3)

acenafteen (ng/m3)

fluoreen (ng/m3)

fenanthreen (ng/m3)
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SCHOOLS/DAYCARE CENTRES COMPLAINT HOUSES COMPLAINT

Compound CO in schools other other CRIPI HEALTH SAMI
COMPLAINT
SURVEY

Table 6 continued

antraceen (ng/m3)
fluorantheen (ng/m?3)

pyreen (ng/m?)
benzo(a)antraceen (ng/m?3)
chryseen (ng/m3)
benzo(b)fluorantheen (ng/m3)
benzo(k)fluorantheen (ng/m3)
benzo(a)pyreen (ng/m?3)
indeno(1,2,3,c,d)pyreen (ng/m?3)
benzo(g,h,i)peryleen (ng/m3)
dibenzo(a,h)antraceen (ng/m3)

1.2.4 Discussion and conclusions on IAQ studies in Belgium

Since 2005, a wide variety of chemicals was assessed in at least 788 Belgian indoor settings;
mostly in residences, schools and nurseries. Although this large dataset contains representative
indoor levels for a considerable portion of the priority compounds listed in Table 1, for certain priority
emerging compounds no information on typical indoor levels, representative for Belgium, is
available.

Benzene, TVOC and formaldehyde have been quantified in 97 % of the 788 Belgian indoor settings.
A comparison of the reported concentration levels in the Belgian IAQ studies is visualized by means
of box and whiskers plots, shown in Figure 4, Figure 5 and Figure 6. Health complaint-free
residential indoor environments are reported at the left side of the plot, health complaint-free
schools and nurseries at the right side; measurement outcomes originating from health complaint
locations are visualized in the centre of the X-axis (grey coloured). Red dashed lines indicate
guideline and intervention values of the Flemish Indoor Environment Decree (Vlaams Binnenmilieu
Besluit, Flemish Decree of the 11" of June 2004). The Guideline values are measurable quantities
that represent the quality level of an indoor environment; intervention values are defined as a
measurable quantity that represents a maximum allowable risk level that should not be exceeded
and in case of surpassing, preventive actions should be taken. In the plots it can be noticed that in
general exceedances of guideline and intervention values are more abundant in settings with
reported indoor-related health complaints, which underlines the value of this legislative context
when evaluating IAQ related health complaints.

As illustrated in figure 4, with exception of SAMI-LUX schools, low levels of benzene are quantified
in health complaint-free schools and nurseries (at the right side of the plot) in comparison to the
higher maximum concentrations in complaint-free residences (at the left side of the plot). The
outlying character of the benzene (P75) results of SAMI-LUX schools (confirmed outlier by the Q-
test for outliers), underlines the need for harmonized methods and strategies, when comparing data
on a national level; the data are therefore not further in detail discussed in this analysis. The
different pattern of houses and schools without health complaints can be attributed to the larger
ranges of potential sources in residences compared to schools and nurseries. Furthermore,
increased median benzene concentrations, upper quartiles and maximum values are registered in
complaint houses as compared to the complaint-free locations.
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Figure 4. Box and whiskers plot of indoor benzene levels in residences and schools/nurseries with and
without health complaints. The box frames represent the upper and lower quartile, the line represents the
median, and whiskers denote range.

A similar pattern can be noticed on the box and whiskers plot of TVOC, illustrated in Figure 5.
SAMI-LUX schools again report substantially higher TVOC results. In complaint-free residences,
indoor TVOC concentrations reached levels up to 7050 pg/ms3; however, indoor levels in some

cases largely exceeding 10.000 pug/ms3, were registered in indoor settings with reported health
complaints.
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Figure 5. Box and whiskers plot of indoor TVOC levels in residences and schools/nurseries with and without

health complaints. The box frames represent the upper and lower quartile, the line represents the median,
and whiskers denote range.
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The box and whiskers plot that represents the formaldehyde occurrence in indoor settings is
illustrated in Figure 6. In health complaint-free settings, the increased amount of potential
formaldehyde sources in residences is reflected in the wider concentration range for houses than
for schools or nurseries. Except for the highest registered concentration value in complaint settings,
there is no significant difference with complaint-free indoor settings.

Indoor formaldehyde levels
450

400

350
E 300
S~
S
= 250
S
®
£ 200
c
g
§ 150 A .
© 1 BiMi intervention value of 100 pug/m?3

R e e L e e 2

50 BiMi guideline value of 10 ug/m3 T |

5"%—"7'%‘"' cooTTTmmmmm T cToTThTTTTTTTTT "é"'%ﬁ'é """" .
Flgs . V4 G CR V4 f, 8igq . Cl a, CR
S 26 €ap Py 26 Es A4 5., €an mij, Py Ursg,
Oweyy,y Reside, Oy, lng lAqQ Sery; Schogyp Shoo, " Air 1o, X schy Prser, Y Belg,
8)

Figure 6. Box and whiskers plot of indoor formaldehyde levels in residences and schools/nurseries with and
without health complaints.

Although indoor CO; was not quantified in every survey, and averaging times vary between the
different datasets, the impact of controlled mechanical ventilation systems on the indoor CO; level
is clearly visualised in figure 7, by the smaller ranges and median values in Clean Air Low energy
dwellings and schools. The wider spread on the indoor CO- levels of classroom environments, is
reflected in the wider box frames of the box and whiskers plots.
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Figure 7. Box and whiskers plot of indoor CO; levels in residences and schools/nurseries with and without
health complaints. The box frames represent the upper and lower quartile, the line represents the median,
and whiskers denote range.

In general it is concluded that for pollutants for which toxicological impact is well established and
sampling methods for IAQ monitoring are available, a considerable knowledge on IAQ, indoor
sources and indoor exposures is available in Belgium. These include VOCs such as BTEX,
formaldehyde, acetaldehyde, trichloroethylene, tetrachloroethylene, pinene and limonene, and also
PM, CO, CO., and radon.

For compounds that have more recently been prioritised or for which health impacts and exposure
pathways are currently still being studied, there is a need for reference information on indoor
exposures in Belgium. These compounds include biocides, such as triclosan or permethrin, or
chemicals, such as methylene-di-isocyanate, glycol ethers, vinylchloride and brominated flame
retardants. In fact for some of these compounds, more generally termed SVOCSs, important reasons
for this lack of knowledge in indoor air are the currently available sampling methods and techniques
which are not always adapted for indoor monitoring. Mainly because of the noise nuisance (e.g. in
case large volume air sampling is a necessity) they produce or because of the large dimensions of
the equipment. Research on the development and optimisation of new indoor sampling
devices, methods and analysis tools for the trace analysis of new compounds is needed, in
order to develop suitable tools that allow noiseless monitoring at the desired detection limits. A
valuable example is the development and optimisation of a noiseless and small sampling volume
method for the detection of SVOCs (PAH, phthalates and flame retardants) by means of active air
sampling on PDMS-Tenax loaded cartridges (Lazarov et al. 2013).

This new method is advantageous compared to traditional alternatives for indoor air monitoring,
and therefore allows monitoring on larger scales in the future. Further optimisations of this method
for other chemicals (e.g. chemicals resulting from ozone-induced secondary reactions in indoor air)
have been initiated (Officair, Deliverable 3.4, 2014), but a further exploration of the possibilities is
needed. Passive sampling also offers a suitable solution for noiseless and easy to use indoor air
sampling, without the need for electricity supply.
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It is based on the selective adsorption of a chemical with a controlled uptake rate by diffusion to a
substrate. A wide variety of diffusive samplers is yet commercially available to collect a range of
chemicals, but also in this field there is a lot of potential for new developments. E.g. varying the
uptake rate would make the passive sampler adjustable to expected concentration levels and would
allow longer or shorter exposure durations; varying or combining coatings of the adsorbing surface
would make a sampler multifunctional and the optimisation of new adsorption substrates would
expand the range of chemicals to be monitored by passive sampling.

Because of the different institutes involved, and because of the many research objectives, various
sampling methods and protocols have been applied to monitor a chemical in the inventoried Belgian
studies. However, aiming at larger scale data mining and use of existing IAQ data on a national
level, there is a need for harmonized monitoring protocols and methods. On EU level,
initiatives have been taken to harmonize actions on IAQ in the INDOOR-MONIT & PILOT INDOOR
AIR MONIT project (Harmonisation and implementation of criteria and protocols for monitoring key
indoor air pollutants in EU; DG SANCO — JRC, 2009-2012). The overall objective of this action was
to ensure consistency and to increase comparability of IAQ measurements across the European
Union. Protocols were defined for (1) the design of an indoor air monitoring study, for (2) indoor air
guality monitoring techniques, and for (3) data collection, evaluation and reporting. The adoption of
such a common strategy on a national level would favour comparisons, further use and analysis of
the data, and thereby respond to the need for the development of large-scale databases for
data mining and health impact assessments.

1.3 Health impact evaluation of IAQ in Belgium

This paragraph assesses the health risk and impact, related to the available data on IAQ in Belgium.
It compares and evaluates the monitored IAQ levels (reported in paragraph 1.2.2) to existing health
based reference values and estimates the health impact hereof.

We focused on health impact due to chronic exposures and not to acute exposures. The majority
of the monitoring data described in section 1.2 involves monitoring periods up to 1 week. These
weekly-average data are generally considered as a good proxy for long term (chronic exposure)
and thus used for the evaluation of health risks related to chronic exposure (Sarigiannis et al.,
2011). Evaluating the risk due to acute exposure would have required shorter term exposure
episodes with a higher time resolution of the exposure episodes and the impact of this variability
on health risks, focused on periods with peak emissions from sources. Health impact due to chronic
exposure is generally used for health impact assessment for indoor environments (e.g. eBoDE
study (Hanninen and Knol, 2011)). In contrast, acute exposure to carbon monoxide is an important
issue for the health impact of IAQ — however, this could not be addressed in this review since the
database on IAQ monitoring data doesn’t list monitoring data for short, high peak episodes of
carbon monoxide.

1.3.1 Health risk of IAQ in baseline datasets
1.3.1.1 Method for health risk assessment

In a classical substance by substance risk evaluation approach, measured indoor air
concentrations are compared with substance specific health based reference values (RV) for non-
carcinogenic effects. This RV is defined as a threshold level below which chronic exposure to an
individual substance is unlikely to provoke adverse non-genotoxic effects. Therefore, if measured
concentrations are below the RV, no harmful effects are likely. For substances provoking genotoxic
carcinogenic effects, additional cancer cases attributable to exposure are calculated as a measure
for risk (on condition that risk coefficients are available for this substance).
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On the one hand, there is no single information source available that provides RVs for all or even
most of the priority compounds which are the focus of this review. On the other hand, for several
substances, health based reference values have been derived by more than one agency, resulting
in sometimes largely different RVs for one substance. For example, for formaldehyde INDEX (JRC,
2005) derives a RV of 1 pg/m3, while the WHO (2010) guideline is 100 pug/m3. Both sources support
that their value is protective for a long-term exposure to formaldehyde. Differences in RVs
established by different bodies for the same substances are caused by differences in choices of
key studies, critical effects and assessment factors selected by the assessors.

In order to overcome both issues, a step-wise approach is applied here to retrieve a uniform list of
RVs for non-genotoxic effects of chronic exposures from an array of data sources (WHO, Agency
for Toxic Substances and Disease Registry Atlanta US (ATSDR), US Environmental Protection
Agency (EPA) IRIS, US EPA PPRTV, Joint Research Centre (JRC) (INDEX), Rijksinstituut voor
Volksgezondheid en Milieu (RIVM, The Netherlands), Health Canada, Agence francaise de
sécurité sanitaire de I'environnement et du travail (AFSSET/ANSES), Ausschuss zur
gesundeheitlichen Bewertung von Bauprodukten (AgBB, Germany), or Lowest Concentration of
Interest (LCI) values, ECA, 2013). It is noted that most of these sources do not pertain specifically
to indoor air, but may be used in the context of indoor air since they are developed for inhalation
exposure in general (being outdoor as well as indoor air). This approach consists of the following
steps:

The consulted sources were ranked by date (priority was given to evaluations issued within
the last 5 years), and grouped into the categories “primary sources”, “secondary sources”
and “tertiary sources”. Primary sources were international, national and state agencies with
established peer review procedures (WHO, ATSDR, US EPA IRIS, US EPA PPRTV and
JRC (INDEX)); secondary sources were judged to have less intense peer review and/or
transparency (Health Canada, RIVM, individual scientific publications), while the tertiary
sources were the LCI values used for evaluation of emissions from building materials which

are in place in Germany (AgBB) and France (AFFSET/ANSES) (ECA, 2013).

Reference values from above mentioned sources were only used on condition of an open and
transparent technical basis and standard setting process. The process of ranking sources and
selecting RVs is summarized in the flow chart presented below and is described more in detail in
De Brouwere et al.(2014 ).

The selected reference values for priority compounds, based on the outlined procedure, are listed
in Table 7 (note that occupational safety limits are excluded from this list, because this review is
focussed to the exposure of the general population, including susceptible population groups).
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Figure 8. Scheme for selection of reference values (RV) for chronic exposure
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Table 7. Selected chronic reference values (RV) for substances provoking non-genotoxic effects

substance selected reference | Unit Agency of | other RV
value (RV) selected RV (from other sources)***
Benzene 10 ug/ms ATSDR, 2007a 60 pg/m® (JRC (INDEX) &
OEHHA, 2000)
Formaldehyde 100 ug/ms3 WHO, 2010 1 pg/m3 (JRC (INDEX), 2005)
Naphthalene 10 ug/ms WHO, 2010 3 pg/ms3 (US EPA, 2000)
Nitrogen dioxide 40 ug/ms WHO, 2010
Benzo(a)pyrene
Trichloroethylene 2 ug/ms US-EPA IRIS, | 600 pg/m3 (OEHHA, 200)
2011
Tetrachloroethylene 250 ug/ms3 WHO, 2010 40 (US EPA, 2012) — 360 pg/m?
(Health Canada)
Acetaldehyde 140 ug/ms3 OEHHA, 2008 9 (US EPA, 1991) — 200 pg/m?
(JRC (INDEX), 2005)
Total (other) aldehydes No value
Toluene 260 ug/ms3 WHO, 2000 5000 pg/m3 (US EPA, 2005b)
Total VOC No value
PM 5 (airborn particles) 10 ug/ms WHO, 2005
PM y0 (airborn particles) 20 ng/ms3 WHO, 2005
Xylenes 200 ug/ms ATSDR, 2007b 100 (US EPA) — 7000 pg/ms
(OEHHA)
Styrene 850 pg/m3 ATSDR, 2010b 260 (WHO, 2001) — 1000 pg/m3
(US EPA, 1993)
Alfa-pinene 450 pHg/ms JRC (INDEX)
2005
Limonene 450 ug/ms JRC (INDEX)
2005
1,2,4 trimethylbenzene 220 ug/ms Ontario AAQC, | 9.8 pg/m3 (Vermont Air Quality
2007 Guidelines)
MTBE** 2500 pug/ms3 ATSDR, 1996
Ethylbenzene 260 ug/ms ATSDR, 2010 2000 pg/m®  (OEHHA,
20000 - 0.4 pg/m3
(OEHHA 2008)
m- + p-Xylene 200 pg/ms ATSDR, 2007b 100 (US EPA, 2003) — 700 pg/m3
(OEHHA, 2000)
o-Xylene 200 pg/ms ATSDR, 2007b 100 (US EPA, 2003) - 700
pg/m3 (OEHHA, 2000)
1,4-Dichlorobenzene** 60 ng/ms3 ATSDR, 2006
Hexane** 700 pg/ms US EPA, 2005a 7000 pg/m3 (OEHHA, 2000)
Heptane** 21000 pg/ms AgBB, 2012
Cyclohexane** 6000 ng/ms3 US EPA RIS,
2003
n-Butyl acetate** 4800 pg/ms AgBB, 2012
3-Carene** 1500 pHg/ms AgBB, 2012

** not considered as priority compound for this review (Table 1)

*** RV given by other agencies (WHO, ATSDR, US EPA IRIS, US EPA PPRTV, JRC (INDEX), Health

Canada, RIVM, (Office of Environmental Health Hazard Assessment) OEHHA) than the RV selected by the

scheme given in

Figure 8 values only given if considerably different from the selected RV.
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Note that in Table 7 no health based reference values are listed for total aldehydes and TVOC.
This is because from a toxicological point of view, the assumption that all VOCs (or aldehydes)
within the sum parameters would have the same health endpoint and thus should be treated in the
same manner, cannot be supported. The sum parameters however, can be used for the
characterisation of exposure and when searching for sources and also in risk assessment as a
screening parameter for a possible sensory irritation (Mglhave et al.,, 2003). Because of the
difficulties in deriving an individual guide value for TVOC, the German Umwelt Bundesamt has
applied measured concentration ranges for indoor air as reference values. Therefore, a daily stay,
at least in the short term, is reasonable in rooms with TVOC concentrations of 10-25 mg/m? (such
concentrations may arise during home improvement work). In rooms intended for longer-term
residence, the TVOC value in the range of 1-3 mg/m?3 should not be exceeded. And ideally, TVOC
concentration in indoor rooms should reach a maximum long-term average of 0.2-0.3 mg/m’ or
lower if possible (www.umweltbundesamt.de).

For substances that provoke non-threshold effect (in this case genotoxic effects), limits below which
no effects are likely, cannot be recommended. Instead risk is expressed as a “unit cancer risk”,
which expresses the additional number of cancer cases per pg/m? for lifelong exposure. For
substances classified as group 1, 2A and 2B by the International Agency for Research on Cancer
(IARC), unit risk values derived by one of the above mentioned agencies (WHO, ATSDR, etc.) are
listed in Table 8. Similar to the ranking of sources for non-cancer endpoints, in this ranking priority
is given to WHO (2010) IAQ unit risk values over older values established by other agencies. The
relevant metric used for assessing the risk posed by the carcinogenic compounds was the
estimated lifetime cancer risk (R), and given by the formula:

R=C-IUR

where C is the exposure concentration in ug/m?® and IUR is the Inhalation Unit Risk, which is the
upper-bound excess lifetime cancer risk estimated to result from continuous exposure to an agent
at a concentration of 1 ug/m? in air. IUR is the expression of the cancer potency factor for inhaled
compounds. The cancer potency factor is a linear extrapolation from the high-dose animal or
human studies to the low doses of environmental exposure using either a maximum likelihood
estimate (for epidemiological data) or the upper 95 % confidence limit (for animal studies) on the
dose exposure function.

Table 8: Selected Inhalation Unit Risk values for substances provoking non-genotoxic effects

substance selected unit agency remark
IUR value

Benzene 6 x 10 per ug/m3 | WHO, 2010 | leukaemia

Benzo(a)pyrene 8.7 x 10°° per ng/m3 | WHO, 2010 | lung cancer

Formaldehyde No value per ug/m3 | WHO, 2010 | formaldehyde is a mutagenic carcinogen,
recognized by IARC as a carcinogenic to
humans; however, WHO considers 100 pg/ms3
sufficiently protective, also concerning cancer
effects caused by formaldehyde

Trichloroethylene 4.3 x 107 per ug/m3 | WHO, 2010 | hepatic tumours

Tetrachloroethylene | No value per ug/m3 | WHO, 2010 | probably not genotoxic

Acetaldehyde 2.2x 10 per ug/m3 | US EPA, | nasal adenocarcinomas and squamous cell

1991 carcinomas

Styrene - no data

Naphthalene No value WHO, 2010 | long-term guideline assumed to prevent
potential malignant effects in airways
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1.3.1.2 Discussion of the IAQ health risk in Belgium

Evaluation of compliance or exceedance of exposure data against selected reference values for
non-carcinogenic effects was verified for each reported Belgian study and priority compound
(supplemented with few additional compounds for which exposure data have been reported in
chapter 1.2).

IAO health risk for non-carcinogenic effects in Belgian indoor settings

Basically, in health risk assessment, an indoor environment is evaluated as of ‘high concern for
health” when the exposure to a substance exceeds the health based reference value of that
substance. The other way around, an indoor environment is evaluated to have ‘limited health
concern caused by IAQ’ if the exposure to a substance is below the reference value of that
substance.

It should be noted that only benzene, TVOC and formaldehyde have been quantified in the major
part of the Belgian studies using a variety of air sampling techniques. All other compounds were
only assessed in a selection, sometimes a very small fraction, of studies and thus are considerably
less representative for overall indoor settings in Belgium.

In summary, the following considerations were formulated based on an evaluation of the available
Belgian IAQ data to the selected RVs:

e NO2 and PMx

Indoor levels of NO, were exceeded in more than 5 % but in less than 25 % of indoor
environments. This observation was persistent across the 3 databases where NO, was
monitored (except for the 365 complaints free houses 2008-2012 in Flanders; where less than
5 % exceedances were observed).

In the vast majority (> 75 %) of the monitored indoor environments, WHO (2005) RVs for PMso
and PM; s were exceeded.

e VOCs

For the majority (e.g. above 95" percentile in each database) of the monitored indoor
environments (dwellings, schools and nurseries) all individually monitored priority VOC
compounds (benzene, formaldehyde, tetrachloroethylene, acetaldehyde, formaldehyde,
toluene, xylenes, styrene, alfa-pinene, limonene, 1,2,4-TMB (1,2,4-Trimethylbenzene),
naphthalene) occurred below the selected health based RVs for that compound, and thus
individual indoor levels can be considered as of ‘no concern’ in 95 percent of the monitored
indoor environments.

In the other 5 % percent of the cases, considerable exceedances of the RVs are observed.
These exceedances of the respective RVs are most often identified in indoor settings with
reported health complaints. A substance by substance health impact evaluation to RVs in
health complaint indoor settings, should however be considered as non-representative in this
review. The fact that each health complaint case is treated individually, leads to variable
measuring plans and thus various quantified compounds, what in several cases leads to very
small group sizes. Still, for compounds that have been quantified in the majority of the reviewed
cases (benzene, TVOC and to a lesser extent formaldehyde) a clear distinction between indoor
levels in health complaint and health complaint-free settings can be noticed (as illustrated in
Figures 5, 6 and 7).
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Magnitude of the health concern and the underlying reasons (sources) of the exceedances of
RVs in this upper 5 % of the indoor environments (with exceeding the RV of at least one
compound) cannot be evaluated based on available data. It is also likely that stressors causing
the health complaints differ from the priority compounds listed in this review.

An exception to the relatively high compliance of indoor environments to RVs for VOCs is for
trichloroethylene: the 25™ percentile value of the monitoring data from the Samilux schools
exceeds the selected RV for this compound, and the 75" percentile value of CRIPI health
complaint dwellings exceeds the RV as well. In other (health complaint-free) databases this
only occurs in a small fraction (above the 95" percentile) of the datasets. The reason for this
higher frequency in exceeding RV in this specific study might be found in the fact that both
databases are based on health-complaint indoor settings.

For some VOC compounds no exceedances could be identified in any of the reviewed
databases. This is the case for MTBE, ethylbenzene, 1,4 dichlorobenzene, hexane, heptanes,
cyclohexane, n-butylacetate and 3-carene. This finding would indicate that these substances
should not be considered as priority compounds. However, it is important to note that these
compounds were monitored in several (Flemish) datasets, but not in any other dataset. It
should therefore be concluded that the overall compliance of these compounds to the
respective RV’s cannot be generalized at a national level.

e TVOC

In a majority of the samples (> 95 %; except in BiBa (2010) classrooms and CRIPI nurseries)
TVOC levels exceed the guideline value of 200 pg/m?3 from the Flemish Indoor Decree.
Although from a toxicological point of view, no RV can be assigned to TVOC, literature confirms
its use as a screening parameter for possible sensory irritation (Mglhave et al., 2003;
Salthammer and Uhde, 2011). The concentration ranges, proposed by the German Umwelt
Bundesamt, offer a suitable tool to evaluate TVOC in this database. In fact, a comparison of
the Belgian database with the German concentration ranges learns that in all health complaint-
free settings, quantified TVOC levels are within the recommended concentration ranges for
rooms intended for longer-term residence (except for one house). On the contrary, in indoor
settings with reported health complaints, the 75" percentile exceeds the long-term exposure
recommendations considerably and the maximum TVOC concentrations reach or exceed the
acceptable levels for short-term exposures (10-25 mg/m?3).

o Formaldehyde

Conclusions about the compliance with RV for formaldehyde are very sensitive to the choice
of the RV for individual substances: in this evaluation an RV of 100 pg/m3 (WHO, 2010) for
formaldehyde was chosen based on a transparent decision tree approach for selecting RV.
Based on that RV, almost no exceedances were found. However, if the most conservative RV
from the array of existing RVs would have been selected, which in the case of formaldehyde
is a value of 1 pg/m3 (JRC (INDEX), 2005), the conclusion would be that in none of the
monitored indoor dwellings, schools or nurseries formaldehyde levels were below this value,
and consequently, all indoor environments would have been judged as ‘of concern’.

The impact of the choice of RV is most pronounced for formaldehyde; for other substances, the
effect is much less drastically, since selected RV are in most cases at the lower end of the range
of RV (see Table 7). In addition to formaldehyde, also for xylene and styrene an RV which is more
stringent than the one selected was found; however, applying the more stringent value for xylene
(100 pg/m3) and styrene (260 pg/m3), this would have hardly affected the outcome.
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It is important to note that indications and conclusions about the compliance of Belgian I1AQ levels
to RVs are limited to the substances listed in Table 1. In fact the IAQ data of several priority
compounds (defined in Table 1) on a Belgian, representative level is currently missing. E.g. in none
of the surveys, indoor levels of asbestos, ozone, ammonia, triclosan, methylene-diisocyate,
glycolethers, permetrin, vinylchloride and brominated flame retardants were monitored.
Furthermore, only in one survey indoor air levels of naphthalene and benzo(a)pyrene were
monitored.

Carcinogenic effects

As an estimate of cancer risk attributable to indoor exposures to benzene, trichloroethene and
acetaldehyde, the range of the median values from the reviewed IAQ studies is used as an
approximation for population-representative exposure data, which is the basis for the prediction of
cancer cases based on IUR’s.

e Benzene

Based on the range of the median benzene concentrations in Belgian surveys (0.77 — 5 pg/ms),
due to benzene exposures, the risk of indoor benzene induced cancers is 4.6 — 30 per 1 million,
assuming lifelong exposure to these benzene levels. These numbers are based on WHO
(2010) IUR of 6 x10% per ug/m3 and correspond to about 0.5 — 3 % of leukaemia incidence in
Belgium (incidence of 625 per 5 years in a population of 11 million inhabitants in Belgium).

In a review on cancer risk related to VOC exposure across Europe, Sarigiannis et al. (2011)
calculated comparable numbers for cancer risks due to indoor benzene exposure, based on a
smaller and older set of IAQ monitoring data for Belgium (i.e. Stranger et al., 2007). The
regional comparison made by Sarigiannis et al. (2011) shows that risk of benzene induced
cancer is situated at the lower end when compared to other EU countries (see Figure 9).
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Figure 9. Risk of benzene induced cancer (per million) in several European countries,
Sarigiannis et al. (2011). Note: EPA cancer potency factor used by Sarigiannis et al. (2011)

has the same numerical value (6 x10% per pg/m3) as the WHO IUR value applied in this
review.
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e Trichloroethylene

Based on the range of the median trichloroethylene concentrations in Belgian surveys (0.1 —
7 pg/msd), the risk of trichloroethylene induced cancers is 0.04 — 3 per 1 million exposed
individuals, assuming lifelong exposure to these trichloroethylene levels. These numbers are
based on WHO (2010) IUR of 4.3 x107 per pg/m3. It should be noted that the median value of
7 ug/m3 (Samilux schools) is considerably higher than median trichloroethylene concentrations
from other surveys, and thus the calculated cancer cases are significantly influenced by this
study. If this survey is not considered, the median values of the 6 other surveys, lead to a
cancer risk of less than 1 per 1 million due to trichloroethylene exposure.

¢ Benzo(a)pyrene

Based on the median benzo(a)pyrene value of 0.7 ng/m? (originating from only one study with
48 samples of 25 residences), the risk of benzo(a)pyrene induced cancer is 60 per 1 million
(for lifelong exposure). These numbers are calculated based on WHO (2010) IUR of 8.7 x10°
per ng/ms3.

e Acetaldehyde and formaldehyde

Based on the range of median acetaldehyde concentrations in the reviewed Belgian surveys
(5 — 23 pg/m?3), the acetaldehyde induced cancer risk is 11 — 50 per 1 million (for lifelong
exposure). These numbers are calculated based on US EPA (1991) IUR of 2.2 x10°° per ug/m?
This number for cancer risk due to acetaldehyde exposure should be interpreted with caution
since the EPA value is not recently established (dates from 1991) and it might be questionable
whether linear extrapolation to low doses is justifiable. OEHHA (2000) does perform an
extrapolation to low doses for acetaldehyde. Moreover, acetaldehyde is classified by IARC as
Group 2B (there is inadequate evidence in humans for the carcinogenicity of acetaldehyde;
there is sufficient evidence in experimental animals for the carcinogenicity of acetaldehyde),
which is a less stringent evaluation by IARC as compared to the classification of formaldehyde
(group 1: known human carcinogen); for the latter compound, no cancer cases were calculated
because WHO (2010) considers formaldehyde as a threshold carcinogen, and all
formaldehyde exposures found are below that threshold. However, it should be noted that
formaldehyde is a mutagenic carcinogen recognized by IARC as a human carcinogen class 1,
it is highly unlikely that for mutagenic carcinogens a critical dose exists below which the agent
has no effect at all. WHO (2010) also didn’t include acetaldehyde in the report on IAQ
guidelines.

The latter again points towards sensitivity to the way that risk values for carcinogenicity are
selected. Applying the US EPA (1991) IUR of 1.3 x10° per pg/m?3 (squamous cell carcinoma
and nasopharyngeal cancer) instead of the WHO threshold approach (2010), we would predict
a substantial number of additional cancer cases caused by formaldehyde. Based on the range
of median formaldehyde concentrations across the Belgian surveys (16 — 25 ug/m3), the
formaldehyde-induced cancer risk is 210 — 320 per 1 million (for lifelong exposure). These
numbers are surprisingly high compared to the results bases of the WHO (2010) approach
considering that the RV of 100 pg/m? is protective enough for carcinogenicity.

In conclusion, from the available data, benzene and benzo(a)pyrene seem to be the chemical
stressors having the largest impact on cancers caused by poor IAQ. Impact from exposure to
trichloroethylene is negligible, while the impact of formaldehyde and acetaldehyde on cancer
prevalence is very sensitive to the applied method, and as a consequence very uncertain.
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Is there a concern for health effects driven by mixtures present in indoor air?

Next to the classical substance by substance evaluation, it is important to note that indoor air
contains a variable and diverse mixture of chemical substances to which people may be
simultaneously exposed.

Combined risk assessment, taking into account that several indoor occurring substances may
act on the same target organ/endpoint, they should be evaluated together. Therefore, a substance
by substance evaluation of the risk as elaborated in the previous paragraphs might underestimate
the risk of indoor air ‘cocktails’. Assessing the risk of mixtures is a resource intensive process and
no in depth investigation of cumulative risk assessment of indoor air in Belgium is available in
literature.

A screening exercise for the evaluation of cumulative effects was recently applied on indoor air
mixtures, including 180 samples of the Flemish Surveillance of complaint-free houses (2008-2012)
and 90 Flemish school data originating from the BiBa study (2008-2009) (De Brouwere et al., 2014).
In this screening exercise, the Maximum Cumulative Ratio (MCR) approach, which determines
when cumulative risk assessments are most required, was applied. The aim of using MCR was to
assess whether the risk of an indoor air mixture is dominated by one single compound or by the
contribution of many chemicals. As an outcome, it was concluded that in about 30 % of the Flemish
schools there is concern for combined effects due to exposures to several substances. Those 30
% indoor settings would have been wrongful evaluated as of ‘limited health concern caused by IAQ’
when using a classical substance by substance approach. This illustrates the need to go beyond
the classical substance by substance risk assessment in the field of indoor air. Yet, the MCR
approach should be considered as a screening tool for mixtures. A further in depth investigation,
including endpoint communalities, is currently lacking and would be needed for the 30 % of the
indoor samples. Such an assessment is needed to identify in which of the 30 % ‘concern for
combined effects’ samples, the concern is driven by over-conservative assumptions (i.e. dose
addition of all investigated compounds) and in which samples cumulative risk is effectively present
and caused by common endpoints / mode of action of substances present in the indoor sample
(Meek et al., 2011).

In conclusion, the area of combined assessment is relatively new in the field of indoor air. First
results indicate a concern for combined exposures to multiple substances, and should be further
explored in terms of communalities in endpoints, and common indoor sources.

1.3.2 Impact assessment of IAQ in Belgian indoor settings

The classical risk assessment approach, as described in paragraph 1.3.1.2., evaluates the
compliance of IAQ data to health based RVs and inhalation unit risk factors. The latter allows
predicting the number of additional cancer cases caused by indoor exposure, but the evaluation of
threshold effects is limited to a qualification of IAQ as “below” or “above” reference values. The
technique therefore cannot make any predictions of impacts of exceeding a threshold: what is the
severity of the health effects, what is the health burden and how much is the associated cost?

Methods to quantify the impact and to express the burden of indoor pollution do exist: DALYs. The
DALY measures health gaps (i.e. years of life lost due to death or disability) as opposed to health
expectancies. It measures the difference between a current situation and an ideal or alternative
situation. The DALY combines the time lived with disability and the time lost due to premature
mortality in one measure.
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Human populations experience a certain burden of disease (BoD). Part of this burden is caused by
exposure to environmental stressors (Environmental Burden of Disease (EBoD)). Estimates show
that 10-20 % of the total burden in Europe is caused by environmental stressors (Priss-Ustiin and
Corvalan, 2006). A methodology to calculate the EBoD is presented by De Hollander (1999).

The unit used in the DALY which was initially introduced by WHO and the Worldbank to compare
the BoD worldwide (Murray and Lopez 1990, 1996). The DALY is a measure of health life years
lost and is the sum of years of life lost (YLL) due to mortality before life expectancy and years lost
due to disability (YLD). With DALYSs, diseases are weighted against each other by a severity factor
(disability weight) so that comparison is possible. Both YLL and YLD are in the simplest way (not
discounted; not age-weighted) presented as a multiplication of 3 variables: number of people x
severity weight x duration. With DALYs relative comparisons between different scenarios are
possible. Given absolute value to the DALYs is not recommended seeing the different variables
influencing health (lifestyle, food, smoking behaviour, genetic predisposition, etc.) (Dahlgren and
Whitehead, 1991).

For chronic exposure to benzene and mortality due to leukaemia a static calculation was made in
the EBoDE study (Hanninen and Knol, 2011). The unit risk of 6 x 10° per pug/m3 for lifelong
exposure was applied (WHO, 2000). The yearly average benzene concentration to which persons
in Belgium (Flanders) indoors are exposed to was equal to 1.5 pg/m3 (Swaans et al., 2008).
Average age of dying from leukaemia in the total population is around 70 years, at which the life
expectancy is 84, which means a loss of 14 years per individual. Severity factor for dying is 1. A
similar calculation was done for Flanders with a population of 6 million by Buekers et al. (2012):

DALYs per year = 1.5 pg/m3 x (6 x 10/ 70) x (6 x 10° persons) x 1 x 14 years = 10.8
or per million people in Flanders 1.8 DALYs per year.

Up to date, DALYs have only been applied on scattered Belgian IAQ data: in the EBoDE project,
the EnVie project (2009) and its follow-up study IAIAQ (Jantunen et al., 2010).

In the EBODE project, the health impact associated with exposures to formaldehyde, benzene and
PM2.5 in Belgium was assessed (Hanninen and Knol, 2011). The EBoDE report calculated 3.3
DALYs per million inhabitants per year due to benzene; 0.1 DALYs per million inhabitants per year
due to formaldehyde and 7642 DALYs per million inhabitants per year caused by PM2.5 in Belgium.
For several other indoor stressors (several VOCs, etc.) no predictions of DALYs were made in the
EBoDE report, mainly because of the lack of appropriate dose-response functions, which are
essential for DALYs predictions.

In the EnVie-study, total BoD caused by indoor air (including radon) exposures in Belgium was
estimated in the range of 980-1230 DALY/year x million inhabitants (Jantunen et al., 2011).

The EBODE project used the ‘exposure-based approach’ (initiating calculations with exposure
data), while the EnVie study used the ‘outcome-based approach’ (initiating calculations with health
outcome data). Ideally, the results of both approaches should match. According to Jantunen et al.
(2011) the EBoDE and EnVie results, both obtained by independent and differently performed
environmental BoD assessments for 6 countries, matched surprisingly well; especially when
considering that EBODE considered the total exposure and EnVie - IAIAQ only considered indoor
exposures.

In contrast, Schram-Bijkerk et al. (2012) compared both methods for indoor air impact assessment
in the Netherlands, and concluded that outcomes were not comparable. They recommended a
careful evaluation of burden of disease estimates before using them in policy making. Such an in
depth comparison of both methods is up to now not available for IAQ in Belgium.
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According to Jantunen et al. (2011) in the follow up study of EnVie (IAIAQ), ambient air is
responsible for 2/3 of the total BoD from indoor air exposures in Europe (mostly fine PM and bio
aerosols, but also some VOCs). The other 1/3 of the BoD related to indoor air exposures is caused
by heating and combustion equipment (cooking and heating with solid fuels), water systems, and
water leaks. Condensation and underlying soil as source of radon are other important sources for
the IAQ associated BoD. According to the EnVIE study, the most important indoor contaminants in
terms of BoD were: fine PM, dampness, bio aerosols, radon, CO, VOC'’s.

It is very likely that the burden of disease caused by VOCs is underestimated, both in EnVie and
EBoDE calculations because of two reasons: 1) the lack of epidemiological data on specific disease
dose/response that can be credibly extrapolated to indoor air levels for several VOCs (only
available for benzene, naphthalene and formaldehyde); this burden of disease caused by other
VOCs is ignored in DALYs calculations ; 2) the health problems of VOCs appear mostly in new,
newly renovated or refurbished buildings, which — at any time — represents only a few percent of
the total building stock occupied by the population.

In summary, methods to calculate the health impact caused by non-ideal IAQ do exist in literature,
and have been applied on scattered IAQ exposure data from Belgium. The more complete picture
on IAQ in Belgium that we have collected in this study (as discussed in section 1.2.2) could be used
to improve the existing DALYs calculations. In fact the Belgian data used in the EBODE and EnVie
study were based on a few scattered studies; while the data collected in this review could provide
information to take a major step forward to better, more accurate predictions of DALY’s related to
IAQ in Belgium.

The next step forward is an in depth comparison of the 2 DALY calculations methods (comparable
to the study of the Netherlands, published by Schram-Bijkerk et al., 2012), and the application of
more complete datasets on IAQ in Belgium. Also, the application of the EnVie model for the
calculation of health benefits of IAQ policies in Belgium will be a valuable next step forward. In the
EnVie model, the economic impacts of several IAQ policies (such as harmonized labelling
protocols, outdoor air pollution penetration policy, integration of IAQ in EPBD procedure, heating
and combustion installations policy) in terms of DALYs are incorporated, and could serve as a
powerful tool for the prediction of benefits of IAQ policies in Belgium.

1.3.3 Discussion and conclusions on the IAQ impact in Belgium

In the traditional substance by substance evaluation of the health risk associated to IAQ, the
selection of the health based reference value has a considerable impact on the overall evaluation
of the heath impact; for the considered priority compounds (NO., PM, VOC, TVOC, and
formaldehyde) in this review (Table 1), this impact is most pronounced for formaldehyde.

Based on the available data on IAQ in Belgium, the traditional substance by substance risk
evaluation learned that in 95 % of the studied indoor settings IAQ is to be considered ‘of limited
health concern caused by IAQ’. However, three important considerations have to be made: (1)
there is a need to estimate the magnitude of the health impact in the 5 % of indoor settings
exceeding the RVs, (2) many more VOCs occur in indoor air, which are not considered in this
review, (3) there is a need for more complete reference databases in IAQ in Belgium.
Furthermore benzene and benzo(a)pyrene were, among the indoor stressors, identified as having
the largest impact on cancer incidence.

Exceedances of RVs are most pronounced in indoor settings with reported indoor related health
complaints. This is confirmed by the sensory irritant TVOC, of which considerably higher
concentrations are quantified in health complaint indoor settings.
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Besides the substance by substance risk assessment, a cumulative risk assessment is needed
on a Belgian level. In order to do so, complete datasets on IAQ, representative for Belgian indoor
settings in general are needed.

In order to estimate the severity and associated costs of indoor air, there is a need for a more
accurate calculation of DALYs, but to do so, large and representative datasets on IAQ in
Belgium are needed.

1.4 State-of-the art on product emissions
1.4.1 Context

The objective of this section is to link the chemical compounds listed on the priority list to potential
indoor contaminant sources. The scope is limited to the following indoor sources: building materials
including coatings, furniture, household and consumer products. Human activity controlled
measures (e.g. indoor smoking), HVAC components, combustion devices and air cleaning devices
are excluded from this review. Radon and moulds are discussed in different chapters of this review.
The indoor environments considered are non-industrial buildings.

Most of the priority compounds are VOC, SVOC or VVOC components. The other compounds
listed are respirable particles and the inorganic compound ammonia. Due to the scope of this study
the compounds CO, CO; and NO: are not considered in this analysis. Since the European Union
has banned all uses of asbestos, its occurrence doesn’t result from new materials, and is therefore
also excluded from this review.

To reduce exposures to pollutants affecting health, source control and ventilation are usually
applied. The HealthVent project (www.healthvent.eu, 2013) recommends in terms of strategy to
focus primarily on controlling the sources of air pollutants both outdoors and indoors. Ventilation
should be considered as the ultimate (last resort) strategy. Hence it is very important to establish
the link between the priority compounds and the (potential) sources in Belgian non-industrial
buildings.

1.4.2 Literature review from 2005 — present

The review of Belgian data concerning IAQ and chemical indoor contaminant sources included
studies from 2005 until May 2013. Most of the publications with Belgian data however are focussed
on IAQ without specific attention for source contributions. In order to be able to make the link
between Belgian priority compounds and potential sources, information was compiled from
European and international peer-reviewed journal articles, technical reports from governmental
institutions and organizations, test standards, on-line databases, website resources provided by
governmental institutions, certified laboratories, recognized certification systems and major
organizations on low-emission materials. The availability of up to date data was crosschecked with
available information from the ongoing EOTA (European Organisation for Technical Assessment)
(EOTA PT9) and CEN (European Committee for Standardization) activities (CEN/TC 351,
CEN/TC139, etc.) dealing with material emissions. Due to the limited public availability of recent
material emissions, also data from older (than 2005) “reference” reports were included for the
industrial data part.
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Belgian references
Legislation (in Belgium & European trend)

This section gives a brief overview of the indoor air and product policy measures and regulations
in Belgium. In Belgium products are regulated at the federal level. Buildings are a regional authority
and health is dealt with at community level (Goelen et al, 2003).

The Federal Product Standards Law (1998) and the related implementing orders state that all
products, that are brought on the Belgian market, have to be designed in such a way that their
production, use and removal do not cause any harm to human health and contribute as low as
possible to environmental pollution. The main aims of this law are the creation of an integrated,
sustainable product policy and the implementation of the European Directives, as well as the
integration of dangerous substances into the Belgian policy (Law of 21 December 1998).

Two other policy documents are the strategic product plan 2009-2012 (Belgian strategic product
plan 2009-2012) and the strategic plan air 2009-2012 (Belgian strategic plan Air 2009-2012):
- The strategic product plan 2009-2012 mentions as action 18: adapt legislation in relation to the
ongoing developments of the construction products directive;
- furthermore, it also mentions:

e action 27: criteria for the emissions of construction products,

e action 28: limiting the emissions of benzene and formaldehyde of air fresheners,

e action 29: create a database with emission data of products used indoors,

e action 33: establish an agreement with the sector to decrease VOC emissions of

consumer products.

In 2008 the Federal Minister of Environment decided to organise a major stakeholder consultation
related to the environment identifying new policy actions. Instead of trying to solve all the complex
indoor air problems at once, it was decided to focus on what was manageable, realistic and possibly
ready for consensus: tackling the sources, as complement to efficient ventilation as it falls within
the competencies of the federal government. As a result a Royal Decree concerning floor coverings
and adhesives was drafted and published in 2013 ( “Royal Decree establishing threshold levels for
the emissions to the indoor environment from construction products (Royal Decree 8th May 2014;
published in Belgium’s Official Gazette Bulletin of Decrees 18.08.2014; notification N°2012/568/B).
This Royal Decree is an national implementation of Requirement 3 “Hygiene, health and
environment” of the European Construction Products Regulation (305/2011/EU). This regulation
stipulates provisions with respect to the emissions from construction articles to the indoor
environment, as a function of the intended use of these construction products. The goal is to protect
the public health against harmful effects or to lower the risk on harmful effects. For air fresheners
similar federal actions are expected (the EPHECT project, www.ephect.eu ).

Specific regulations on the indoor environment in Flanders are given in the Flemish Indoor
Environment Decree of 2004. This decree states that everyone who is responsible for the
construction, management and equipment of public buildings is obliged to reduce as far as possible
all health risks of the indoor environment on inhabitants and users. Therefore, this decree regulates
research and measures on the indoor environment in dwellings and public buildings, as well as all
competences of the Flemish Health Inspection (Vlaamse Gezondheidsinspectie) and of all medical-
environmental experts. Furthermore, within this decree, quality standards on the indoor
environment in Flanders are set. In the Walloon Region and in the Brussels Capital Region no
regulations exist on the indoor environment.
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Emissions testing, certification and labelling programs exist in several European Union Member
States (Lor et al., 2010). The European Commission is currently creating (by means of mandate to
CEN: CEN/TC 351) a harmonized emissions test standard for use in evaluating product emissions
of VOCs into indoor air for the implementation of the “Basic Requirement for Construction Works
N°3” of the Construction Products Regulation (CPR) on Hygiene, Health and Environment that
includes consideration of emissions to indoor air (CEN/TC 351; C. Daumling, 2012; Harrison et al.,
2011; ECA-IAQ Report No 27, 2012). The purpose of this regulation is to facilitate international
commerce and reduce trade barriers within the 27 Member States of the European Union. The
European initiative focusses on developing product policy to improve indoor air quality and its
health effects on building occupants.

Another ongoing European initiative is the establishment of a working group for developing
harmonized European Life Cycle Inventory (LCI) values by devising a harmonised procedure for
establishing these values taking into account the existing German (AgBB) and French (ANSES)
procedures (http://ihcp.jrc.ec.europa.eu/our activities/public-health/outcome-workshop-
emissions-building-materials). Under the Belgian Presidency in 2010 also initiatives were
undertaken to develop a Commission product policy that will enhance indoor air quality
(http://www.health.belgium.be/eportal/Aboutus/eutrio/environment/In). The importance of indoor air
was re-emphasized during the workshop “Better indoor air for better health” during the Green Week
Conference 2013 (http://ec.europa.eu/environment/greenweek!/).

Industrial data

Table 9 gives an overview of the correlation between (1) chemical compounds of the priority list
as shown in Table 1, their appearance in (2) product legislation, voluntary product testing
protocols, green codes and guidance documents for indoor air and (3) the potential (emission)
sources of these compounds.

The table indicates that, although a considerable list of national and international product
legislations, voluntary product testing protocols, green codes and guidance documents for indoor
air are available, not all compounds are marked in section 2 (compounds considered in policy) of
Table 9 (Lor et al., 2010; Levin, 2010). The selection that is presented assures maximum overlap
between the Belgian target compounds and the considered importance in other countries.
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Table 9. Overview of the relation between (1) chemical compounds on the priority list, their

appearance in (2) product legislation, voluntary product testing protocols, green codes and

guidance documents for indoor air and (3) the potential (emission) sources
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1.4.3 Compounds and Sources
1.4.3.1 Priority compounds and their sources

All the Belgian priority compounds (Table 1) can be related to building materials and/or
furniture and/or consumer products and/or electronic devices (see Table 9).

When looking more in detail at the priority compounds in other national and
international product legislations, voluntary product testing protocols and green codes,
it is observed that the compounds triclosan and permethrin are never considered.
Requirements for brominated flame retardants are limited to VOC content
requirements. This is due to the more difficult analytical determination of such material
emissions (SVOCSs) as evidenced by the ongoing development of an ISO (International
Organization for Standardization) standard for the measurement of polybrominated
diphenylether, hexabromocyclododecane and hexabromobenzene as well as ongoing
research projects investigating the causes and impact of indoor contamination with
flame retardant chemicals (ISO/CD 16000-35; INFLAME project).

The inorganic compound ammonia is only considered in the Finnish M1 system and
the American Greenguard label. Ammonia is usually a secondary emission compound
(secondary emissions are chemical compounds formed by the interactions between
oxidants in indoor air and chemicals on surfaces, and by hydrolysis). See also section
‘Organic compounds in indoor air’, due to moisture induced degradation of materials
(Gustafsson, 1992). The only references where the measurement of particulate matter
emissions during the use phase of a product are included, are the Danish Indoor
climate Label (Danish Society of Indoor Climate, 1997) and the American Greenguard
label (total particles < 10 uym or respirable particles) (Greenguard GGTM.P056.R3,
2007; Greenguard GGTM.P066.R6, 2008; Greenguard UL2819, 2013; in Greenguard
‘particles’ is applicable to fibrous particles releasing products with exposed surface
area in air streams, it consists of a forced air test with specific test method).

1.4.3.2 Organic compounds in indoor air

A myriad of compounds can be found in indoor air. Some substances may have
adverse effects on their own, while others become harmful when they interact with
each other. In addition, people are known to react differently to the same exposure
(Jungsoo et al., 2013). Apart from the compounds covered by the ‘Belgian priority list’
(Table 1), many (S)(V)VOCs (German AgBB list) and other intermediary organic
compounds such as e.g. radicals, hydroperoxides and ionic compounds as well as
species deposited onto particles are not listed. A schematic and tentative visualisation
of the organic compounds in indoor air by Wolkoff and Nielsen (2001) is shown in
Figure 10.
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Figure 10. Presentation of organic compounds in indoor air (from Wolkoff and Nielsen,
2001)

Indoor air contains organic compounds and organic compounds on particles, in addition to
intermediary species (e.g. organic radicals) and ionic species. The molecular weights of the
compounds are tentatively less than 1000 dalton.

According to Wolkoff and Nielsen (2001) four types of organic compounds can be
distinguished in indoor air — according to their expected health effect, including odour
annoyance, different compounds (Wolkoff et al., 2006):

e chemically non-reactive (stable) organic compounds, e.g. butanol;

e chemically “reactive” organic compounds like alkenes (e.g. limonene) that react
with ozone alone or with nitrogen dioxide in presence of light to produce new
oxygenated products;

e organic compounds that form chemical bonds to receptor sites in the mucous
membranes , i.e. biologically reactive e.g. formaldehyde;

e organic compounds with (known) toxic properties e.g. pentachlorophenol,
these compounds are characterized by effects developed over long duration of
exposure.

The variety of chemical compounds in building materials, furniture, household and
consumer products provides potential for chemical reactions in the material, on the
material’s surface and in the gas phase. This indoor chemistry is known as one of the
main reasons for primary (the physical release of compounds present in a product) and
secondary emissions (compounds produced by chemical reaction in the product or in
the indoor environment) (Levin, 2008; Uhde and Salthammer, 2007; Nicolas et al.,
2007; Weschler, 2004; ECA-IAQ Report No 26, 2007).

A non-exhaustive list of possible reaction products and their reactants in indoor air is
given by E. Uhde and T. Salthammer in Table 10.
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Table 10. List of possible reaction products and their reactants in indoor air (from Mendell M.J.,

Mirer, A.G., Cheung, K. Tong, M. and Douwes, J., 2011)

Reactants Products

a-pinene Pinene oxide, pinonaldehyde

Limonene Limonene oxide, carvone, formaldehyde

Oleic acid Heptanal, octanal, nonanal, decanal, 2-decenal

Linolenic acid

2-pentenal, 2-hexenal, 3-hexenal, 2-heptenal, 2,4-
heptedienal, 1-penten-3-one

Linoleic acid

Hexanal, heptanal, 2-heptenal, octanal, 2-octenal, 2-
nonenal, 2-decenal, 2,4-nonadienal, 2,4-decadienal

Hermicelluloses

Furfural, acetic acid

1-phenyl-2-hydroxy-2-methyl-propane-1-
one (PHMP)

Benzaldehyde, acetone, benzil

1-Hydroxycyclohexyl phenyl ketone
(HCPK)

Benzaldehyde, cyclohexanone, benzil

2-ethyl-hexyl acetate

Acetic acid, 2-ethyl-1-hexanol

Zn-2-ethylhexanoate

2-ethyl-1-hexanoic acid

n -butylacrylate

n -butanol

Bis(2-ethylhexyl) phthalate (DEHP)

2-ethyl-1-hexanol

Dibutyl phthalate (DBP)

n -butanol

Di-isobutyl phthalate (DIBP)

2-butanol

Tris (chloroisopropyl) phosphate (TCPP)

1-chloro-2-propanol, 2-chloro-1-propanol

Tris(1,3-dichloro-2-propyl)phosphate
(TDCPP)

1,2-dichloropropane, 1,2-dichloropropanol

Tris(2-chloroethyl) phosphate (TCEP)

2-chloro-ethanol

Tris(2,3-dibromopropyl)
(TDBPP-TBPP)

phosphate

2,3-dibromo-1-propanol, 1-bromo-2-propanol, 2-bromo-1-
propanol

Styrene + cis-1,3-butadiene

4-phenyl-cyclohexene (4-PCH)

Cis-1,3-butadiene+trans-1,3-butadiene

4-vinyl,cyclohexene (4-VCH)

2-chloro-1,3-butadiene

1-chloro-4-(1-chlorovinyl)-cyclohexene

1-chloro-5-(1-chlorovinyl)-cyclohexene

Zn-diethyldithiocarbarnate

CSz, diethylamine

Azodicarbonamide

Semicarbazide

Adipinic acid +1,4-butanediol

1,6-dioxa-cyclododecane-7,12-dione

Dimethylarninoethanol + formic acid

Dimethylformanide

1-triptophane

0-aminoacetophenone

2,3,4,6-tetrachlorophenol

2,3,4,6-tetracholoroanisole

2,4,7,9-tetramethyl-5- dicyne-4,7-diol
(TAMDD)

Methyl isobutyl ketone (MIBK), 3,5-dirnethyl-1-hexyne-3-
ol

Azobisisobutyronitrile (AIBN)

Tetramethyl succinonitrile

There is a clear trend to reduce and/or remove certain (S)(V)VOCs from building
materials, furniture, household and consumer products. Whilst this leads to decreased
VOC emissions, the overall number of chemicals emitted from building materials,
furniture, household and consumer products still increases.
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Research has shown that huge qualitative and quantitative differences exist between
the chemical releases of similar product sources. In fact no existing criteria or priority
list captures all product emissions as a result of frequent modifications in raw materials
and manufacturing processes. This tendency is illustrated for paints in figure 11 and
figure 12.
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Paints total N= 17

Figure 11. Volatile organic compounds emitted by a selection of indoor paints currently on the
Belgian market (from: Lor M., Graindorge, F. Piens, M., Wolfs L. and Remontet P. Conference
Emission and odours from materials, Brussels, 2012)
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Figure 12. Volatile organic compounds emitted by a selection of new indoor paint formulations
(from: Lor M., Graindorge, F. Piens, M., Wolfs L. and Remontet P., 2012)
The horizontal axis pictures 7 different paints, with emission testing after 3 and 28 days.

Health-based ventilation

The importance of ventilation as a factor influencing indoor air quality is widely
recognized (Q-INTAIR, 2009; HESE-project, 2002-2005). Good ventilation is
necessary to limit the accumulation of emissions that cannot be avoided, such as bio
effluents from building occupants (California Environmental Protection Agency, 2009).

Outdoor pollution is an important contributor to indoor pollution, and therefore clean
outdoor air and if necessary, a protection against outdoor pollution, are equally
important for achieving a healthy indoor air quality (http://www.Ine.be/themas/milieu-
en-gezondheid/onderzoek/BiBa). Outdoor air used for ventilation can thus be a source
of pollution containing particulate matter and various gases such as ozone (Os), NO2
and VOCs. Additionally, HVAC (Heating, Ventilation and Air-Conditioning) components
and ventilation ductworks themselves can also be sources of VOC emissions
(Bluyssen, 2007). Poor condition and maintenance of HVAC systems has been
identified as risk factors (Mendel et al., 2006).

Recently (2013) guidelines have been developed for setting health-based ventilation
for public and residential buildings, as part of the EU HealthVent project
(http://www.healthvent.byg.dtu.dk/). The appropriate health-based ventilation rate for
a building assumes that the outdoor air quality meets the WHO outdoor air quality
guidelines and is defined by a reference minimum health-based ventilation rate (= 4
L/s per person) and a suitable multiplication factor. This factor cannot be smaller than
one, and equalizes one in case measures for indoor source control are taken when
selecting used building materials and furniture. In case no source control measures
are taken, the factor equals the value two.

This approach proposes to firstly apply source control measures and only then
establish a minimum required ventilation rate, based on the effectiveness of the initial
source reduction initiatives that were taken (http://www.healthvent.byg.dtu.dk/).

1.4.4 Discussion and conclusions on indoor sources

To be able to assess the emissions of materials and products used indoors and their
resulting exposures and associated acute and chronic health effects this information
has to be readily available. This information is clearly missing as demonstrated by the
limited public availability of recent material and product emissions data even more so
in the Belgian context.

In contrast to the U.S., European certification and rating schemes do not report detailed
chemical emissions data for their new materials and products. Moreover it is
demonstrated that as an increasing number of products are tested an increasing
number of chemicals are detected and that (VOC) priority lists do not always cover all
chemicals detected, especially in recent years of testing.

Existing recent European databases such as BUMA database (and the BUMAC
database) are promising but can’t be considered as exhaustive or representative for
the entire portfolio of products used indoors and such databases are only updated
during the period of the projects lifespan.
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Hence there exists a need for the development of a Belgian emissions database -
of materials/products used indoors - that should be routinely updated to be able to
assess the “new” compounds and adjust the policies accordingly. More complete
reporting of emissions test results would enable both researchers and manufacturers
alike to engage in an on-going process of product improvement that is not limited to
the criteria for a particular certification, label or compliance scenario but focussed on
the improvement of healthy indoor air in general.

To ensure effective implementation of an IAQ policy, harmonisation - at European
level - is needed as well as a careful mapping and combining of already existing
legislations and policies aimed directly or indirectly at chemical substances. The
technical issues related to the testing - of ambient air quality itself and the material
emission tests - are respectively being tackled in the INDOOR-MONIT project
(INDOOR-MONIT and Pilot Indoor Air Monitoring, DG Sanco — JRC, 2009-2012) and
in CEN/TC 351 concerning the building materials. The same progress still has to be
made for other sources (for instance consumer products for which the current
knowledge IS at pre-normative level
(https://esites.vito.be/sites/ephect/Pages/home.aspx) as well as for the monitoring of
chemicals outside the scope of the high priority compounds of the INDEX project. To
be able to adequately measure and monitor the new emerging pollutants more
research is needed. Another gap in knowledge is the important difference in the way
how a material/product is currently evaluated for labelling/certification and how it
behaves in a real indoor environment where secondary emissions occur on top of
the primary emissions. Also in this field more research is needed (DO-IT Houtbouw,
2012-2016; Jarnstrom et al., 2008).

Aside from harmonisation of the technical issues, harmonisation is also needed for
health-based target concentrations for indoor air pollutants of concern (INDEX
report, 2005).

Possibilities for these harmonised criteria are shown in the ECA Report No 27 (EUR
25276 EN, 2012) but this framework should be extended to include evaluation
protocols of other countries and also extended to other sources than only building
materials. The harmonisation of the LCI values needed for the health based evaluation
of indoor product emissions is currently ongoing (Kephalopoulos and Kotzias, 2011).

In order to obtain good IAQ in buildings it is not only necessary to select low-emission
products, but also to properly design, operate and maintain ventilation systems and to
stimulate a responsible behaviour of occupants (by means of sensibilisation and
information of citizens) (Bluyssen et al., 2010). As already mentioned by the EnVIE
project IAQ should be incorporated in the energy efficient procedures of the Energy
Performance of Buildings Directive (EPDB) (EnVIE Co-ordination Action on Indoor Air
Quality and Health Effects, Deliverable 0.1.4, 2009).

The same discrepancy can be observed in most of the green building assessment
schemes (BREEAM, Valideo, LEED, etc) which rise in influence and where IAQ has a
relatively light weighing (Yu and Kim, 2011; Referentiekader voor duurzame woningen,
WTCB, 2010).

Hoge Gezondheidsraad - 55 -
www.hgr-css.be


https://esites.vito.be/sites/ephect/Pages/home.aspx

1.5 Conclusies en aanbevelingen wat betreft prioritaire chemische
verontreinigende stoffen binnenshuis in Belgié

Sinds 2005 werd een groot aantal chemische stoffen beoordeeld in minstens
788 Belgische binnenruimtes, in de meeste gevallen gezondheidsklachtenvrije
woongelegenheden, scholen en créches. Op grond van dat onderzoek beschikken we
over uitgebreide kennis over de aanwezigheid van chemische stoffen in het
binnenmilieu waarvoor er degelijke steekproef- en analysemethodes bestaan en
waarvan de toxicologische invioeden gekend zijn (zoals BTEX, formaldehyde,
acetaldehyde, trichloorethyleen, tetrachloorethyleen, pineen, limoneen en ook PM,
CO, CO: en radon). Er is echter veel minder bekend over de aanwezigheid
binnenshuis van chemische agentia met minder degelijke steekproef- en
analysemethodes. Uit een klassieke beoordeling van de gevolgen voor de gezondheid
van NOz, PM, VOS, TVOS en formaldehyde in deze review komt naar voren dat 95%
van de onderzochte Belgische binnenruimtes kan worden geclassificeerd als een
'‘beperkte bedreiging voor de gezondheid door IAQ' inhoudend, maar ook dat 5% van
de onderzochte sites zeer zorgwekkend is. Op grond van de beschikbare Belgische
data blijkt overschrijding van de gezondheidskundige referentiewaarden en hoge
TVOS-concentraties het vaakst voor te komen in gebouwen waar
gezondheidsklachten optreden. Er werd vastgesteld dat benzeen en benzo(a)pyreen
potentieel de grootste impact hebben op de incidentie van kanker in de onderzochte
binnenruimtes. Het is belangrijk om te weten dat die conclusie gebaseerd is op een
klassieke stof-per-stofanalyse van enkele stoffen en op een selectie van beschikbare
gezondheidskundige referentiewaarden. Om het gezondheidsrisico van blootstelling
binnenshuis te verlagen, is er een specifieke controle van de bron nodig. De beperkte
openbare beschikbaarheid van emissiedata staat echter nog altijd een accurate
beoordeling van de impact van materiaalemissies op IAQ en op het daarmee gepaard
gaande gezondheidsrisico in de weg.

De algemene analyse van de huidige kennis over IAQ in Belgié bracht hiaten in de
nationale kennis en de behoefte aan verder onderzoek aan het licht. Die behoeften
betreffen het domein van de typering en beoordeling van IAQ, beoordeling van de
blootstelling en van de gevolgen voor de gezondheid, en ook productemissies en
bronidentificatie. Er is ook behoefte aan harmonisatie op nationaal niveau.

1. Baselineniveaus. Meer gegevens over baselineniveaus van verontreinigende
stoffen van de binnenlucht die onlangs als prioritaire stof zijn gekenmerkt (bv.
gebaseerd op gegevens over productemissie) of over verontreinigende stoffen
waarvoor onderzoek gebeurt naar de gevolgen voor de gezondheid en de
blootstellingsroutes zullen leiden tot een accuratere beoordeling van het
gezondheidsrisico en tot de bepaling van geschikte preventieve acties. Een van
de manieren om representatieve datasets te verkrijgen, is de implementatie van
een continu IAQ-controlenetwerk op basis van vrijwillige medewerking van
eigenaars van gebouwen en/of eigenaars van geselecteerde woningen.

2. Referentiedatabase voor IAQ en bronnen van binnenhuisvervuiling.
Opstellen van een grootschalige referentiedatabase voor IAQ in Belgié die
representatief is voor binnenmilieus en bronnen van binnenhuisvervuiling in
Belgié, en geschikt voor datamining. In die database moeten dan verschillende
binnenmilieus, (toekomstige) prioritaire stoffen en ook emissiegegevens voor alle
soorten producten die binnenshuis worden gebruikt opgenomen zijn. De start van
die actie zou kunnen worden geimplementeerd door het oprichten (onder
overheidstoezicht) van een permanente Belgische IAQ-commissie.
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Gelpdatete lijst van prioritaire stoffen. Lijsten van prioritaire stoffen regelmatig
aanvullen met nieuwe chemische stoffen die zijn vastgesteld tijdens
productemissietests. Zo bevat de Belgische prioritaire lijst geen stoffen zoals ftalaten
(SVOS, vermoedelijke hormoonontregelaars) (Carlstedt et al., 2013) en voor
bepaalde stoffen die al op de lijst staan (bv. vlamvertragers en ammoniak) moet de
testmethode nog worden ontwikkeld of geoptimaliseerd.

Geharmoniseerde  steekproefstrategieén voor brontoewijzing. De
harmonisatie van strategieén voor geschikte tools voor brontoewijzing voor IAQ-
beoordelingen bij binnenmilieus die gezondheidsklachten veroorzaken
(brontoewijzing) en gezondheidsklachtenvrije binnenmilieus zal resulteren in een
gerichtere anticipatie op bronnen en gezondheidsklachten.

Geharmoniseerde analysemethodes en -tools. |AQ-gegevens zijn
vergelijkbaar als ze zijn gebaseerd op geharmoniseerde steekproef- en
analysemethodes en -strategieén. Zo zal harmonisatie de validiteit en het gebruik
van een referentiedatabase voor IAQ en bronnen van binnenhuisvervuiling
verhogen. Die behoefte geldt voor (1) prioritaire stoffen in tabel 1, met focus op
opkomende verontreinigende stoffen, (2) nieuwe stoffen die buiten de IAQ-
richtlijnen van INDEX, de WGO en Vlaanderen vallen (bv. SCHER-opinie 1AQ,
opgenomen in IAQ-richtlijinen van andere landen), prioritaire stoffen volgens
andere landen (bv. OQAI (Observatoire de La Qualité de L’Air Intérieur) in
Frankrijk, GerES (German Environmental Survey) in Duitsland enz.) en stoffen die
als 'zorgwekkend' zijn bestempeld (zoals acroleine enz.), en (3) stoffen die als
prioritaire stof zijn gekenmerkt op basis van gegevens over materiaalemissie,
substituten voor verboden stoffen, secundairereactieproducten.

Geharmoniseerde gezondheidskundige streefwaarden en
referentiewaarden. De beoordeling van gezondheidskundige streefwaarden voor
zorgwekkende verontreinigende stoffen van de binnenlucht moet geharmoniseerd
worden. Voorts moet het aantal chemische stoffen die worden uitgestoten door
andere producten dan bouwmaterialen en die buiten het bereik van de WGO
vallen uitgebreid worden. Bovendien zal een uitgebreide en geharmoniseerde lijst
van RW, met inbegrip van opkomende verontreinigende stoffen, zorgen voor een
accuratere beoordeling van de impact van IAQ. Momenteel bestaat dit werk uit
een 'lappendeken’ van RW met verschillend gebruik van beoordelingsfactoren.

Nieuwe steekproefmethodes en analysetechnieken. De ontwikkeling en
optimalisatie van nieuwe steekproeftools, -methodes en analysetechnieken die
geschikt (en specifiek bedoeld) zijn voor steekproeven in het binnenmilieu van
nieuwe en opkomende verontreinigende stoffen.

Follow-up op lange termijn van IAQ. Het opstellen van een IAQ-follow-
upprogramma op lange termijn in een representatieve woningvoorraad (zie Britse
privéwoningen in Engeland — tijdstrends over tien jaar) zal informatie verschaffen
over de impact van bouwtrends en het gedrag van bewoners op IAQ en toelaten
om de werking van geschikte datamanagementtools te tonen. IAQ in energie-
efficiénte  woningen, renovaties van gebouwen, nieuwe (duurzame)
bouwmaterialen, luchtdichtheid, mechanische ventilatie en de impact van
menselijk gedrag op IAQ moeten speciale aandacht krijgen. Er zijn ook follow-
upstudies op lange termijn nodig die focussen op omgevingen waar kwetsbare
groepen wonen en op micromilieus met vermoedelijk hogere concentraties van
opkomende verontreinigende stoffen.
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10.

11.

12.

Cumulatieve blootstelling en beoordeling van het gezondheidsrisico. Een
complex mengsel van stoffen kan worden aangetroffen in het binnenmilieu als
gevolg van de enorme kwalitatieve en kwantitatieve verschillen in de afgifte van de
bronnen van contaminatie van het binnenmilieu en hun potentiéle gevolgen voor de
gezondheid. Een diepgaandere analyse van de gevolgen die voortvloeien uit
gecombineerde blootstelling aan verschillende stoffen in de binnenlucht (bv.
groepering van stoffen die dezelfde/vergelijkbare gevolgen veroorzaken) is nodig
voor een preciezer antwoord in de follow-up van screening. Er is meer onderzoek
nodig om de beperkte kennis over de gevolgen voor de gezondheid en voor het
comfort door blootsteling aan de complexe mengsels die voorkomen in
binnenmilieus uit te breiden.

Certificering en secundaire emissies. We moeten een beter inzicht krijgen in
hoe materialen/producten momenteel worden beoordeeld voor
labelling/certificering met betrekking tot hun gebruik binnenshuis en tot het gedrag
van bewoners in een echt binnenmilieu. Ook gecombineerd gebruik van producten
en reactieve chemie behoren daartoe. In een tweede fase moet er ook rekening
mee worden gehouden dat er secundaire emissies plaatsvinden naast de primaire
emissies.

Kostenraming van IAQ: Een verkennende studie naar de socio-economische
kosten van de binnenluchtkwaliteit is vereist, met inbegrip van een preciezere
berekening van DALY’s.

Een goede IAQ in gebouwen. Om een goede IAQ te bereiken in gebouwen
moeten er zo vaak mogelijk producten met lage emissie worden gebruikt, maar
het is ook onontbeerlijk dat het ontwerp, het gebruik en het onderhoud van de
ventilatiesystemen degelijk zijn (Bluyssen et al., 2010). IAQ moet worden
geintegreerd in de energie-efficiéntieprocedures van de richtlijn betreffende de
energieprestatie van gebouwen (EPDB); voorts is er een aanzienlijke behoefte
aan een grondigere integratie van IAQ in beoordelingsprogramma’s voor groene
gebouwen (BREEAM, Valideo, LEED enz.).
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2. Indoor microbiological pollutants in Belgium
2.1 Overview of indoor microbial pollutants
2.1.1 Introduction

Common biological indoor contaminants include bacteria, viruses, moulds, fungi,
house dust mites and allergens of animals. They are often found in areas that provide
moisture or water. Still waters, water-damaged materials or wet surfaces may serve as
a breeding ground for moulds, mildews, bacteria and insects. Biological pollutants may
have their sources inside buildings or outdoors. Contaminated central air handling
systems may be even more problematic because they can distribute these
contaminants throughout the building. By controlling the air relative humidity level, the
growth of some biological contaminants can be minimized.

On the other hand, socio-economic problems, global warming and profound
behavioural modifications could indicate in the future great changes of indoor
environments, with maybe new adverse effects on human health.

2.1.2 Main microbial pollutants
2.1.2.1 Natural sources

The origin of most microbial indoor pollutants is natural. Airborne dust of external origin
is regularly introduced, accumulates in our houses (Horner et al., 2004) and may
constitute a reservoir with a great biodiversity.

Presence of animals, plants and human beings inside the building is an important
source of allergens. Sebaceum glands, saliva and urine of animals contain specific
proteins that are allergenic to humans. These proteins are deposited on the animal’s
dander where they dry-out and become airborne. Cat and dog allergens are carried by
small airborne patrticles, and may remain suspended in the air for long periods of time.
Due to the adherent nature of cat and dog dander, these allergens may also be
transported easily from room to room and from one building to another. Clothing can
thus be an important source of cat and dog allergens indoors. This explains why cat
and dog allergens are even present in settled dust of dwellings without pets, although
concentrations found in homes housing these animals are clearly higher (Wood et al.,
1992; Custovic et al., 1998; Macher et al., 2005).

# Presence of animals, plants and human beings inside the building is an important
source of allergens.

Bacteria are naturally present in indoor environment. Most of them originate from
humans and pets, but may also originate from outside air, vegetation and soil. Indoors,
the predominant natural bacteria are Gram-positive, and belong to the Micrococcaceae
and especially Staphylococcus species (Gorny et al., 1999, 2002; Bouillard et al., 2005;
Stryjakowska-Sekulska et al., 2007; Golofit-Szymczak & Gorny, 2010).

In a study made in Poland, it was found that the typical level of bacterial aerosol
indoors, determined using a six-stage Andersen impactor, was about 102 CFU (Colony
Forming Unit)/m? in homes and 102 CFU/m?3 in offices. Staphylococcus epidermidis
was found to be the second most frequent occurring species (after Micrococcus spp.),
present in 76 % of homes.
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In a study concerning 100 large US office buildings (Tsai et al., 2002) the Gram-positive
cocci was the only group that occurred significantly higher indoors (39 vs 24 CFU/m3
with a single-stage multiple-hole Agar impactor), especially in summer (116 vs 87
CFU/m?®). Rintala et al. (2008) also concluded that the bacterial flora of indoor dust is
complex and dominated by Gram-positive species. But in public buildings, some Gram-
negative bacteria may also be present on surfaces. In shopping, day-care and office
environments, total and faecal bacteria for instance were detected on 20% and 7% of
the surfaces, respectively (Reynold et al., 2007).

# The bacterial flora of indoor dust is complex and dominated by Gram-positive
species. But in public buildings, some Gram-negative bacteria may also be present on
surfaces.

Outdoor air is also a considerable source of natural airborne fungal spores, which
present an important seasonal character and may be collected in high concentrations.
According to the fungal calendar of outdoor air in Brussels (Air Allergy, 2014), this is
mainly the case for three allergenic moulds: Alternaria alternata (June-September) and
Cladosporium spp., mainly C. herbarum and C. cladosporioides (May-October). They
are moulds that typically live on plants, which explains their increase during the
vegetation season. Sterile mycelia on agar cultures are also well represented during
this season.

Outdoor airborne moulds can be introduced inside buildings and accumulate in settled
dust. The analysis of dust for cultivable fungal colonies (Horner et al., 2004), shows
that leaf surface fungi constitutes a considerable portion (> 20 %) of the total colonies
in at least 85 % of the samples. The two Cladosporium species origin mainly from
outdoors but the analysis of fungal flora in indoor dust by ribosomal DNA sequence
(Pitkaranta et al., 2008), indicates that C. cladosporioides and C. herbarum are among
the dominant species. Alternaria alternata antigens in US homes were also common;
95 % to 99 % of the collected dust samples had detectable levels of A. alternata
antigens (Salo et al., 2006).

Other airborne fungal spores, also present outdoors, and found in indoor settled dust,
are basidiospores for example, produced mainly in autumn but found all year long in
indoor settled dust (Pitkaranta et al., 2008). In the case of seasonal clinical symptoms
in the patient, the calendar of the main outdoor airborne fungal spores may help the
doctor to find a possible link between health and natural environment. But, exposure
to seasonal moulds accumulated in indoor settled dust may be prolonged throughout
the year.

Settled dust thus contains many microbial pollutants in varying amounts (Macher et al.,
2005). Taking into account dust resuspension in the air (Gomez et al., 2007; Rajah et
al., 2010), the accumulation phenomenon of settled dust may be a significant source
of harmful effects all year long.

# Outdoor air is also an important source of natural airborne fungal spores which can
be introduced inside buildings and accumulate in settled dust.

Settled dust contains many materials in varying amounts. Taking into account dust
resuspension in indoor air, the accumulation phenomenon of settled dust may be a
significant source of harmful effects all year long.
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2.1.2.2 Anthropogenic outdoor sources

In addition to the natural airborne moulds and bacteria outdoors, specific
contaminations may be produced by human activities. These contaminations can be
introduced into neighbouring buildings and accumulate in settled dust. In cities, the
demolition of an old building always constitutes a temporary but often significant source
of dust containing a variety of moulds, especially from genus Penicilium and
Aspergillus. A garbage dump, a public waste sorting or an industrial composting centre
release lots of bacteria and moulds in a permanent way.

In the surrounding of composting centres for example, the thermophilic mould
Aspergillus fumigatus and some thermophilic bacteria such as Bacillus
stearothermophilus, Thermus thermophilus or Thermoactinomyces vulgaris (Strom,
1985, Beffa et al., 1996) were well represented. In a study (Albrecht et al., 2008) the
authors noted that, under the wind, abnormal microbial concentrations were still
measurable at a distance of 800 to 1400 meters. The thermotolerant moulds and
Thermoactinomyces were at this distance still one to two orders of magnitude higher
than the natural microbial background levels. Some Microbial Volatile Organic
Compounds (MVOCs) were also produced. Heer et al. (2003) carried out
measurements of bacteria, moulds and Thermoactinomyces in the air nearby a
composting centre. They noted that up to a distance of 1400 meters, the microbial
concentration, especially for thermophilic bacteria, was higher than the natural
background levels. As regards health, the highest prevalence of complaints
corresponded to the people living closest to the composting centre (150 to 200 m). The
period of residence near the site also seemed a significant factor.

# In addition to the natural airborne moulds and bacteria outdoors, specific
contaminations in the surrounding of the dwellings may be produced by human
activities (anthropogenic sources). These contaminants can be introduced into
neighbouring buildings and accumulate in settled dust.

2.1.2.3 Microorganisms developments due to moisture sources in buildings

In our areas, moisture excess in buildings is frequently occurring and is responsible for
the development of specific microorganisms. Moisture in buildings may have different
origins. Origins can be external to the building, such as rainwater leakage or seeping
groundwater. It can also be produced indoors, for example due to the leakage in water
pipes, human activities like breathing, cooking, washing, perspiration, etc. in
combination with insufficient building ventilation. Moisture is an essential element for
microbiological development, which is characterized by a phenomenon of amplification
of specific microorganisms.

Table 11. Examples of human moisture production sources in building

Human sources of moisture Moisture production
People at rest 40 g/hour

People with a moderate activity 60 g/hour

Cooking 2 Kg/day

Laundry drying 1.5 Kg/day

Visible fungal developments due to water damages are often considered as the major
microbiological contamination in the habitat. However, these contaminated surfaces
can accommodate an unsuspected biodiversity (Park & Cox-Ganser, 2011). Other
microorganisms, more discreet by their size, cohabit with these moulds. It is the case
of fungi eating mites and many bacteria (Mehrer et al., 2005; Anderson et al., 2003).
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More than one hundred moulds species were listed on water damaged building
materials. The most frequent species identified in dwellings are Cladosporium
sphaerospermum, Aspergillus versicolor, several species of Penicillium, followed by
Alternaria, Chaetomium and Stachybotrys chartarum (Beguin & Nolard, 1994; Reboux
et al., 2009).

Some bacteria, mainly Streptomyces spp., co-occur with moulds in moisture-damaged
residences. They produce several toxic metabolites like monoactin, nonactin,
staurosporin and valinomycin, which were exclusively detected in building wet
materials (Taubel et al., 2011).

It should be noted that a fungal development, with all related microorganisms such as
bacteria and mites, is not always visible. Moulds can develop in hidden wet places for
example under floors, behind boardings, inside hollow partitions, etc. Mattresses,
fabric armchairs, carpets, cloths, and shoes may also constitute a privileged substrate
for mould and mite (Dermatophagoides) development.

Cockroaches also require a detailed attention. Concentrations of cockroach allergen
are typically at their highest in kitchens and bathrooms, and humidity seems to be an
important determinant in cockroach infestation (Eggleston and Arruda, 2001).

# Moisture in buildings is frequent and may have various origins. In our areas, visible
fungal developments due to moisture excess are frequent and often considered as the
major microbiological contamination in the habitat. But other microorganisms, more
discreet by their size, often cohabit with these moulds: it is the case of fungus eating
mites and many bacteria. Humidity also seems to be an important factor in mites or in
cockroach infestation.

2.1.2.4 Central air conditioning system and other varied ventilation systems

A number of health complaints and pathologies have been reported with the
generalization of heating, ventilation and air-conditioning (HVAC) systems and some
of them were found to be related to specific contaminations present in the installations.

The filtration of air supply may for instance cause an accumulation of dust in the ducts
and cause an impact on the quality of the indoor air. However in office buildings
equipped with HVAC, the most important source of microorganism development is the
water in the tank in the humidifier and surfaces inside cold humidifiers.

The most common moulds isolated in humidifiers are Exophiala jeanselmei,
Acremonium strictum, Phoma spp., Phialophora spp. (Heinemann et al.,, 1994).
Bacteria concentrations are sometimes also very high.

If technical maintenance of air conditioning systems is performed on a regular basis,
microbiological contamination due to HVAC systems is usually absent. However the
absence of guidelines (standard procedures) and only limited studies (Chasseur et al.
2003; Chasseur et al, 2000; Malchaire et al, 1999) on cleaning protocols for an effective
microbiological maintenance still contribute to this fact.

Other mechanised systems for air treatment and heating (or cooling) are more
common in collective and individual habitats. The ground-air heat exchangers (also
called Canadian airshafts or “puits canadiens”) for example, may be a significant
source of microorganism development because of the high risk of condensation inside
the airshaft.
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# In indoor environment, several origins of microbial contaminations must be taken
into account. The natural and anthropogenic outdoor sources, accumulated in settled
dust, are sometimes enriched with specific microorganisms originating from indoor
sources. These developments are always due to water presence, as damage sources
in buildings which are frequent in our areas. But multiple and varied other sources of
water exist, as, for example, during the humidification process in the HVAC system or
because of condensation in ground-air heat exchangers (also called Canadian
airshafts or “puits canadiens’).

2.1.2.5 Societal changes

Forced by new regulatory standards to achieve an enforced energy-efficiency of
buildings, our indoor environment has greatly changed over the past few years,
sometimes leading to adverse effects on human health. This evolution is likely to
accelerate in the next decades due to various factors. Socio-economic problems for
instance, force more and more people to live in increasingly reduced and badly
adapted spaces, meanwhile the scale and frequency of floods are likely to increase in
the future as a result of climate change.

Other behaviour changes may also contribute to pollute the air we breathe, such as
the need to be surrounded by pets, plants or by a lot of technological gadgets which
are supposed to improve our environment and our health.

Resulting from the increasing awareness of the role of our environment on our health,
new products or concepts are introduced to the market, benefitting from a legal vacuum
imposing to justify their utility or effectiveness, but especially the absence of health
risks. Among doubtable examples are acaricides or other sophisticated concepts
meant to avoid mites in mattresses or carpets. Also the useless variation of biocides
intended to cleanse mouldy areas and even the pulverisation of "good” bacteria, so-
called probiotics, under the pretext to cleanse the environment, are in seldom
supported by any scientific study that guaranties their harmlessness.

# With the increasing awakening of the role of environment on health, new products
or concepts appear on the market, benefitting from a legal vacuum imposing to justify
the utility, the effectiveness, and especially the absence of health risks.

2.1.3 Sampling methods

Sampling procedures have greatly evolved in recent years due to new microbiological
techniques. Consequently, microorganisms are no longer identified and counted under
the microscope or after culture. Different biochemical, immunological and molecular
identification and quantification techniques are now available, although they are still
academic.

Furthermore, this growing number of new techniques does not favour the formation of
a consensus on sampling procedures and analyses standardization, and consequently
contributes in the difficulty of establishing standards and guidelines.

At present, methods based on cultures remain the most studied and developed for field
investigations. Since they are limited to the viable germs, a consensus on standardized
protocols remains difficult. The choice of agar medium, the temperature and incubation
duration are critical. For pathologies of allergic, irritating or toxic nature, the non-viable
microorganisms must be taken into account as well; the contribution of their fragments
is difficult to estimate but could reach up to 90 % (Alvarez et al., 1995).
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There is also a large variety of sampling strategies. Air is the most commonly
characterised matrix, although its composition is often unstable. This instability leads
to the requirement of a longer sampling duration and the need for repetitive samplings,
which is difficult to perform using agar media. Moreover many types of air samplers
are available, with various characteristics and performances and different use
instructions (in terms of sampling duration, use of different agar media, variable
incubation temperatures). These differences hamper a comparative evaluation of
results available in literature and do not facilitate the formulation of a consensus on air
sampling of microbiologic pollutants. Nevertheless, air sampling can provide useful
information, but, because of its instability, it must be supported by the analysis of other
matrices such as settled dust on furniture and other horizontal surfaces or accumulated
dust in carpets, armchairs and mattresses.

# Presently, there is no consensus about the large variety of sampling strategies.
During a microbiological audit, air sampling can provide useful information, but is not
sufficient in itself because of air instability. Air sampling data must be consolidated by
the analysis of other matrices such as settled dust on furniture and other horizontal
surfaces or accumulated dust in carpets, armchairs and mattresses.

2.1.4 Laboratory analyses

As for sampling strategies, a consensus for standardized laboratory analysis protocols
remains difficult. In the laboratory, microbial analysis is not always performed with the
same precision. Concerning moulds for instance, the identification is sometimes limited
to the genus (Cladosporium spp., Penicillium spp.), and even only to some groups of
species with simple macroscopic criteria (Black yeasts). In other cases, the
identification may be performed up to species level. It is then important to apply a
uniform nomenclature of the species. For instance Penicillium chrysogenum and
Penicillium notatum are not two distinct species but synonyms.

In recent studies, the development of new molecular technigques such as sequencing
ITS (Internal Transcribed Spacer) of the ribosomal DNA (DeoxyriboNucleic Acid) and
the use of PCR methods have allowed to refine identifications, from the more traditional
means to the identification of not easily cultivable species and/or dead in cultures.
These novel molecular tools are promising, especially for bacteria, but they still remain
very academic and expensive for environmental screenings of microorganisms.

# The variety of the samplers’ performances and sampling procedures for moulds and
bacteria adds up to the diversity of the methods in the different levels of analysis,
making a consensus of standardization even more complicated.

2.1.5 Standards, guidelines, results interpretation
2.1.5.1 No Health Based standards

At present it is not possible to give health-based standards on the acceptable number
of microorganisms in indoor environments. Little is known about the exact causal
relationships between certain microorganisms and their effects on human health.
Microorganisms are part of the normal living environment, they have always been
present both in indoor and outdoor air. Where exposure to microorganisms or their by-
products is much higher than in a normal living environment, their presence may be
hazardous to health.
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# At present it is not possible to formulate health-based standards on the acceptable
number of microorganisms in the indoor environment, but some threshold values have
been calculated and used by the different laboratories. These values are related to a
specific methodology used by the laboratory and permit to detect microbial anomalies
in environments.

On visible mould areas, the presence of mites has also often been reported (33.1%).
This microscopic element is generally not taken into account in epidemiologic studies.
In Taiwan, a significant dose-dependent relationship was found between the severity
of indoor visible mould growth and the serum total IgE (Immunoglobuline E) level in
resident children (Hsu et al., 2010). However, the IgE that is specific to commonly
examined fungal allergens didn’t explain this correlation, while the IgE specific to mite
allergen was found to be better associated with the ranked severity of indoor mould
growth. This study suggests that mite allergen seemed to play a crucial role whereby,
additionally, fungal exposure can enhance sensitization in indoor environments
(Chasseur et al., 2014).

In fact, the exposure to mould can be accompanied by simultaneous exposure to other
microbial and chemical agents in the indoor environment. It is one of the reasons why
specific causal relationships between mould exposure and health effects are not yet
understood and need more in-depth study (Hossain et al., 2004; Park & Cox-Ganser,
2011).

2.1.5.2 Federal Legislation

The well-being of workers

Concerning indoor microbial contaminants and health, we can draw on information in
the work regulation.

The Welfare Act (Act of 4 August 1996 on the welfare of people at work) is the basis
for the legislation on health and safety at work in Belgium. This Act transposes into
Belgian law the framework Council Directive 89/391/EEC of 12 June 1989 on the
introduction of measures to encourage improvements in the safety and health of
workers at work.

But microorganisms that can be manipulated and used are also taken into
consideration. The Royal Decree of the 4th of August 1996 referring to* Biological
agents “ (Welfare at Work Code, Title V, Chapter 3) specifies the regulations/rules for
the protection of workers against biological agents. This decree specifies the legal
framework concerning the exposition to biological agents and divides it into 4
categories depending on the potential danger. The decree also describes different
management measures to be taken into account by the employer, to respect the basic
principles of avoiding any exposure. Workers exposed to biological agents have to
undergo a medical examination, at least once a year (or more frequently, depending
on the advice of the consultant/occupational physician).

»~In the Decree of the 4th of August 1996, always implemented, the biological agents
are classified in four groups according to the infectious diseases risks. But the health
risks of environmental and non-infectious germs are completely forgotten. The
definition of the biological agents of group 1, defined as not being able to cause a
disease to people, is not conceivable for allergy.
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Specific Recommendations for Legionella spp.

In Belgium, several institutions contribute to the control of exposure to Legionella: the
Federal Public Service for Employment, Work and Social Solidarity for occupational
health and safety matters, the Superior Health Council for public matters and the
Environmental authority. Belgium is also a member of the European Study Group for
Legionella Infections (ESGLI, 2014).

The Superior Health Council has produced two reports concerning Legionella and has
formulated an advisory report for health care facilities in order to prevent Legionella
infections (HGR, 2002).
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2.1.5.3 Legislation in the different regions: Flanders, Wallonia and Brussels Region

Table 12. Overview of the Regional Regulations on micro-organisms

Overview of the Regional Regulations on microorganisms

déterminant les conditions sectorielles
relatives aux bassins de natation
couverts et ouverts utilisés a un titre autre
que purement privatif dans le cadre du
cercle familial, lorsque la surface est
inférieure ou égale a 100 m2 ou la
profondeur inférieure ou égale a 40 cm
utilisant un procédé de désinfection autre
que le chlore ou en combinaison avec du
chlore

(M.B. 12 juillet 2013) »

e 2 sanitary water analyses a year of
Legionella pneumophila (every 6 months) +
each sampling: 2 samples are taken, one
without flushing, second after flushing 2 till 3
minutes

e Hot water production temperature for the
showers is 65°C

Requirements for cooling towers are specified in the
environmental licence/permit

Community | Biological agents Legislation Contents SHC comments
Flanders Legionella “Besluit van de Viaamse Replaces the earlier regulation on Legionella in the | +
Regering van 9 februari 2007 sanitary system, cooling towers and humidifiers.
betreffende de preventie van de | Identifies different rules for institutions with high or
veteranenziekte op publiek | moderate risk for patients.
toegankelijke plaatsen. (B.S. 4 mei | Expresses the importance of a control plan,
2007)” supported by Legionella analyses in water:
L. pneumophila in sanitary water samples,
Legionella species in samples from cooling towers
Biotic factors in the | “Vlaams Binnenmilieubesluit Specifies orientation values for biotic factors in the
indoor air Besluit van de Vlaamse Regering | indoor air of domestic and public buildings
(Dust mites houdende maatregelen tot bestrijding van - Dust mite < 0.2 mg guanine/g dust +
Microorganisms de gezondheidsrisico’s door - Microorganisms < 500 CFU/m3 -
Moulds verontreiniging van het binnenmilieu (11 - Moulds <200 CFU/m? -
Cockroach juni 2004)” No methodology, no
Rat / Mouse references, no
Mites) microorganisms
definitions
Wallonia Legionella «Arrété  du Gouvernement wallon | Only specifications for public swimming pools: +




wo91BY-SSO" MMM

ajues e| ap Inauadns |1I8SU0D

-69-

Moulds / Fungi

« Code wallon du Logement

30.08.2007 - Arrété du Gouvernement
wallon déterminant les critéres minima
de salubrité, les criteres de
surpeuplement et portant les définitions

Presence of mould >1mz2in one room or in a sanitary
room could be harmful, the investigator has to take
samples for further analyses (by authorised
laboratories)

+/- Easy, but the
simplicity can
underestimate the
situation

visées a larticle 1¢", 19a22bis du Code | The presence of Serpula lacrymans or similar fungi | +

wallon du logement (M.B. du | could bring in danger the security of the structure

30.10.2007) »
Brussels Legionella “Besluit van de Brusselse Hoofdstedelijke | Specifications for swimming pools. +l- Only
Region Regering van 10 oktober 2002 tot e Analyses of L. pneumophila in the water | specifications  for

vaststelling van de
exploitatievoorwaarden voor
zwembaden

(B.S. 8.11.2002)"

For cooling towers: see environmental
permit

from the showers .
e  Minimum once a year.

The requirements for cooling towers are specified in
the environmental licence/permit

swimming pools.

+

Moulds/Fungi

« Code Bruxellois du logement
(28.07.2013) “

The salubrity requirement consists on the absence
of fungi, parasites, insects volatiles and rodents
dangerous or harmful for the health of the occupants

+/- The word
“absence” is not
defined.

Comments from the Belgian Superior Health Council (SHC)
+ Sufficient approach and based on scientific studies

+/- Insufficient approach able to lead to errors of evaluation

- Incorrect, and leading to errors of evaluation




In the different guidelines and regulations, details or references concerning the
recommended sampling and analysis methodologies are frequently missing, making
them unusable, and sometimes leading to a wrong environmental diagnosis.

It is the case with the “Besluit van de Vlaamse Regering houdende maatregelen tot
bestrijding van de gezondheidsrisico’s door verontreiniging van het binnenmilieu”
(June 11, 2004). The absence of references or details concerning sampling and
analyses and the use of non-precise terminology, as total microorganisms (bacteria,
protozoa, etc. ) or total moulds (mesophilic, thermophilic, xerophilic, etc.), makes this
regulation unusable. Moreover, without precise methodology and studying only the
quality of air, known to be an instable matrix, a serious undervaluation of
microbiological contamination is possible.

A simple and arbitrary approach is often preferable, even if it proves to be insufficient
for an exhaustive evaluation of the biocontaminants. It is the case of an only visual
evaluation of mould suggested in the «Code wallon du Logement» (August 30, 2007).
It is a simple visual approach based on an arbitrary evaluation of mouldy surfaces.

However, too much simplicity may lead to a tool which is difficult to use. In the «Code
Bruxellois du logement» (July 28, 2013), the salubrity requirement stipulates absence
of fungi, parasites, flying insects and rodents, dangerous or harmful for the health of
occupants. The definition of “absence” for fungi, insects or bacteria in indoor
environments is however unclear, and one should question whether it could even be
possible for a dwelling to have no moulds or bacteria indoors.

# Within the different threshold values concerning microbiological agents proposed in
regional regulations, an imprecise terminology and a lack of detail or references
concerning sampling and analysis methodology prevails, making the values unusable
and a source of misinterpretation of results.
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2.1.5.4 Guidelines in the different regions: Flanders, Wallonia and Brussels Region

Table 13. Overview of the Regional Guidelines on micro-organisms

Overview of the Regional Guidelines on micro-organisms

gezondheid, 3¢ editie,
Ministerie van de
Vlaamse
Gemeenschap
2005/2009”

e verylow < 100 CFU/m?3

low < 500 CFU/m3

moderate < 2500 CFU/m3

high < 10.000 CFU/m3

very high > 10.000 CFU/m3 ( = maximum value)

Table biotic factors:
e recommended value for bacteria: 10.000 CFU/m3
(overload of gram+)

Communi Guideline Contents SHC comments
ty
Flanders Moulds “Brochure Wonen | Interpretation for the occurrence of moulds in indoor air; -
gezondheid, 3¢ editie, e verylow <50 CFU/m3 No precision or references
Ministerie  van de e low <200 CFU/m3 on sampling and impactor
Viaamse e moderate < 1000 CFU/m3 type, and approach only
Gemeenschap  high < 10.000 CFU/m3 quantitative.
2005/2009" e very high > 10.000 CFU/m3 ( = maximum value)
Table biotic factors : No precision or references
e orientation value total moulds: on sampling and impactor
< 200 CEU/m?3 type. Stll_l a good
e recommended value for individual moulds ;nethodolog%al approali:h,
< 50 CFU/m3 (exception Cladosporium), Alternaria sp < 500 ror mou resufts
CFU/m3, Cladosporium sp < 500 CFU/m?, E]terpretanons, beczla_ltht(_a it
e Toxic moulds: recommended absence (Aspergillus sp, a?)[SJroacha quairtative
Fusarium sp, Penicillium sp, Stachybotrys sp) '
Bacteria “Brochure Wonen | Interpretation for the occurrence of bacteria in indoor air: -

No precision or references
on sampling and impactor

type.

No references on
methods, arbitrary.
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Bacterial toxins: maximum value < 100 ng/m3
Legionella in the air: advise absence

- unspecified toxins
- unspecified method

Dust mites | “Brochure Wonen e Dust mite: < 0.2 mg guanine/ g dust +
gezondheid, 3¢ editie, e Maximum value 0.6 mg guanine/ g dust +
Ministerie van de But no cited references.
Vlaamse
gemeenschap
2005/2009”

Brussels Moulds « Info Fiches Batiment | Interpretation for the occurrence of moulds in indoor air (dwellings): | -

Region Durable e verylow < 50 CFU/m3 No precision or references
Recommandation e low <200 CFU/m3 on the sampling and
pratigues CSS11 e medium < 1000 CFU/m3 impactor  type. Only
Limiter les sources de e high < 10.000 CFU/m? guantitative. Unusable.
poliution  intérieure : e very high > 10.000 CFU/m3 ( = maximum value)

Biocontaminants, -
(07.2010) » Interpretation for the occurrence of moulds in office indoor air: No precision or references
e very low < 25 CFU/m3 on the sampling and
e low < 100 CEU/m? |mpac_tor. type. Only
e moderate < 500 CFU/m3 quantitative. .
. Unusable (Used neither by
¢ high <2.000 CFU/m? CRIPI/RCIB nor WIV-ISP)
e very high >2.000 CFU/m3 +-
Easy, but the simplicity
Classification based on th taminated surf can bring underestimation
assification based on 2e contaminated surfaces of the situation. Arbitrary
o Lowrisks<0.3m scale and not a ‘“risk”
e Moderate risks 0.3 — 3 m? scale.
e High risks :> 3 m2
Dust mites | « Info Fiches Batiment | Risk on allergy 100 dust mites/ g +/-

Durable
Recommandation
pratiques CSS11

Risk on asthma 500 dust mites / g

Presently, the evaluation
is based on the allergens
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Limiter les sources de
pollution intérieure :
Biocontaminants,
(07.2010) »

or guanine and not on the
mites numbers.

Used neither by
CRIPI/RCIB nor SAMI/LPI

pratiques CSS11
Limiter les sources de
pollution intérieure :
Biocontaminants,
(07.2010) »

>10.000 CFU/lI important contamination: closing
installation actions are needed (disinfection and control)

nor WIV-ISP
Legionella | « Info Fiches Batiment >50 CFU/I : surveillance +
pneumophi | Durable >1000 CFU/I : contamination: actions are needed
la Recommandation the

Comments from the Belgian Superior Health Council (SHC)

+ Sufficient approach and based on scientific studies
+/- Insufficient approach able to lead to errors of evaluation

- Incorrect, and leading to errors of evaluation




# Within the different threshold values concerning microbiological agents proposed in regional
documents, imprecision in terminology and absence of details or references about the sampling
and analysis methodology prevail, making them often unusable or a source of misinterpretation of
results. This is often expressed by contradictions between proposals in official recommendations
and what is experienced by local field actors.

2.1.5.5 Declaration of insalubrity: Flanders, Wallonia and Brussels Region

The different Regions have specified a policy on how to deal with the presence of visible
mould/fungi in dwellings and declare a dwelling inhabitable.

o Flanders: The “presence” of visible mould growth on ceilings and walls is also taken into
account in the document “Wonen Vlaanderen” to declare a dwelling unfit for human
habitation. The evaluation scale for mould growth refers to the specification ‘generalised or
not generalised’, in relation to different humidity problems (condensation, capillarity, etc.).
The presence of visible mould contributes to the final evaluation score to declare the
dwelling unfit to live in. (Technisch Verslag voor woningen, January 01, 2013)

e Wallonia: Within the « Code Wallon du Logement » the presence of visible mould in
dwellings is considered as an ‘intrinsic characteristic’ of the building that harms the health
of the occupants. The presence of moulds exceedance 1mz2 in one single room of the
habitation or in a sanitary room should be submitted to further analysis (at the investigator’s
request).

o Brussels Capital: The «Code Bruxellois du Logement, July 17, 2003, Art 3 83» declares
the evaluation of the presence of fungi, parasites, insects,... harmful for the health of
building occupants. By selecting “Yes or No”, in the evaluation grid (Région de Bruxelles-
Capitale, 2006), the presence of fungi in the dwelling is taken into account. The document
«Normes de Qualité des logements, notice explicative, édition 2013» (Direction du
Logement, 2013) stipulates that lodgings should be clean and dry without any trace of fungi
or humidity.

2.1.5.6 International guidelines

Currently, there are no health based standards on the acceptable number of microorganisms in the
indoor environment and there are no international regulations for airborne concentrations of mould
or mould spores. Several international organisations (WHO, EPA, Santé Canada, Centers for
Disease Control and Prevention US (CDC), American Conference of Governmental Industrial
Hygienists (AGCIH), etc.) have made up guidelines in order to facilitate results’ interpretation.

Many publications provide data about total concentrations of fungi encountered in the indoor air.
These values help for the interpretation of measurement results but are no threshold values for
health effects. Other important tools include visual inspection of the building for evidence of water
damage and mould growth. Basing remediation decisions on the amount of visible mould
contamination is an approach based on practical considerations that has been accepted in the field
and adopted by almost all guidelines. Between the different guidelines, there is some variation in
size classification of visible mould.

# Currently, there are no health based standards on the acceptable number of micro-organisms
in the indoor environment and there are no international regulations for airborne concentrations of
mould or mould spores.
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2.1.5.7 Tools for interpretation of the sample results: consensus from investigators
e Moulds

The presence of any mould, either alive or dead, in any area or location within a building, presents
a health risk and must be eliminated. The level of risk and mitigation is primarily dependent on the
extent of the contamination, but the presence of potentially toxic moulds is also taken into
consideration. Currently, there are no international regulations for airborne concentrations of mould
or mould spores, but in practice, some consensus exists to characterize the fungal contamination
in an indoor environment.

The most evident and easiest tools include a visual inspection of the building for evidence of water
damages and mould growth. Basing remediation decisions on the amount of visible mould
contamination is an approach founded on practical considerations that are accepted in the field and
adopted by almost all guidelines.

Table 14. Assessment of visual mould growth, reference: AGCIH

Classification Description

Small Total area < 0.3 m2 of visible mould growth

Moderate Total area between 0.3 m2 and 3 m? of visible mould growth
Large Total area > 3 m?2 of visible mould growth

Most guidelines also recommend that occupants clean up areas of less than 1mz2, without special
training, but with personal protective equipment (US Environment Protection Agency EPA, 2012).

Hidden contaminations may also often be present and request sampling methods such as air or
settled dust examination. These quantitative and qualitative methods are highly dependent on the
method used and on other environmental conditions. Concerning airborne contamination, for
example, instability of airborne mould concentration, the choice between different impactors, and
consequently of sampling methods are the most difficult factors to establish a consensus.
Presently, threshold value proposals are avoided (WHO, 2009) or sometimes become rather
complicated to use (WHO, 2003).

This is unfortunate because the quantitative aspect remains crucial to evaluate the exposure and
consequently the risks for health that it represents.

And thus, in practice, different quantitative threshold values are used but it obviously implies an
interpretation depending on the expert’s experiment and judgement, i.e. a subjective contribution,
which can consequently be quite variable.

To reduce this part of subjectivity, a benchmarking from beginning to end is essential for final
conclusions establishment. For environmental moulds, this benchmarking had already been
proposed for airborne mould at the beginning of the 1990s and could be a starting point for the
establishment of a consensus.

In 1995 (Table 15) in «The fungal contamination in Public buildings: a guide to Recognition and
Management» published by Environmental Health Directorate Health Canada, Ottawa, Ontario,
thresholds are given but they are integrated in a protocol benchmarked in 9 points (Annex B). This
document should serve as the basis for the fungal contamination assessment in non-industrial
indoor environments because its environmental approach taking into account the qualitative criteria
can be extended to other microorganisms such as bacteria for example. The methodology was
firstly described (RCS, 4 minutes for sampling).
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Then, the audit began with the observation (Annex B, §1), followed by search for specific moulds
(82, what requires identification in a specialized laboratory), the persistence of the detected
contaminations was taken into account (83: the air is unstable). And concerning threshold values
(85, 6, 7), the emphasis on the specificity was made, which allows for example to distinguish indoor
from outdoor sources.

Table 15. Threshold values proposal for airborne moulds in houses, taking into account to the
mould specificity (Env Health Directorate Health Canada, Ottawa, Ontario, 1995)

Moulds in indoor air | “Normal” Weak Acceptable
of dwellings
Concentration CFU/m3 | < 50* >50 >150 >500
(RCS device,
4-minute sampling)
if indoor and | acceptable BUT IF only | acceptable in
BUT: outdoor air are | one single species other | summer IF only
gualitatively than Cladosporium and | one single
and Alternaria further | species other than
guantitatively | investigations are | Cladosporium
similar needed and Alternaria
further
investigations are
needed

Following the same process used in Canada and using a rather similar protocol (RCS+, 80 liters,
25°C) an index with threshold values for specific moulds was recently proposed by CRIPI for
Brussels Habitat. This index is based on several airborne concentration percentiles obtained for
some specific moulds (Table 16) (Chasseur et al, 2015).
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Table 16. Threshold values proposal for specific airborne moulds in Brussels Habitat (Chasseur et al, 2015)

Percentiles 0-P75 P75-P85 | P85-P90 | P90-P95 P95-P99 | >P99 Origin Main substrates
Aspergillus versicolor 0-25 25-38 38-75 75-200 200-2550 | >2550 | Frequent indoor and high Plaster, wood, tissue
: amplification potential on damp
Cladosporium 0 0-25 25-38 38-88 88-765 2765 | puilding materials
sphaerospermum
Penicillium spp. 0-113 113-225 | 225-338 | 338-838 838-2550 | >2550 | Frequent indoor and high Plaster, wood, tissue,
amplification potential on various | leather, but also
substrate fruits, cheese, etc.
Chaetomium spp. 0 0 0 0 0-13 >13 | Less frequent but with high Damp paper
amplification potential on cellulose | (wallpaper, books,
chartarum cardboard boxes, etc.)
Cladosporium Important natural outdoor origin, Mainly plants
herbarum, with important seasonal variations
Cladosporium Not to be taken into account (highest in June-September)
cladosporioides,
Alternaria
Aspergillus fumigatus 0-7 7 7-14 14-20 20-47 >47 | Important natural or Garden soil
anthropogenic outdoor origin and potting, compost,
(thermophilic species) natural humus
Sterile mycelia 0-50 50-75 75-100 100-138 138-288 >288 | Fungus not able to sporulate on Mainly plants
synthetic media; often epiphytic
fungus
Yeasts 0-13 13-25 25-38 38-63 63-250 >250 | Mainly epiphytes, but also some Mainly plants,
dermatophytes, intestinal or drug | but also diverse
related origins
Other species 0 0 0 13 13-75 >75 | Special indoor contamination or /
anthropogenic one
Satisfactory | Average Bad Alert Unacceptable




To illustrate the importance of the sampling protocol, especially the type of impactor, the example
in Table 15 presents threshold values obtained with a more powerful impactor than with the RCS,
the 6-stage-Andersen impactor (COST, EUR14988EN, 1993).

Table 17. Threshold values proposal for airborne moulds in houses (EUR14988EN, 1993)

Moulds in indoor air of | Very Weak Medium High Very high
dwellings limited

Concentration CFU/m3 <50 <200 <1000 <10000 |>10000
(6-stages Andersen device,

MEA)

The values (Table 17. 7) are very different between an RCS and an Andersen impactor. But used
with the same approach and the same benchmarks as previously stipulated (Table 15), the
interpretation of the results becomes more rigorous and should in principle reach the same
conclusions concerning the patient’s exposition. However, all available categories are only based
on the range of values obtained in indoor environments and not on a health evaluation!

# Currently, there are no official threshold values for airborne concentrations of mould or mould
spores, but in practice, some consensus exists to characterize the microbial exposition in an
environment. The results interpretation gathered over a microbiological sampling must under no
circumstances be limited to a solely quantitative aspect.

2.1.6 Situation in Belgium
2.1.6.1 Structures and resources

In Belgium, in the early 1980s, the section of Mycology in WIV-ISP (Wetenschappelijk Instituut
Volksgezondheid — Institut Scientifigue de Santé Publique, previously named Institute of Hygiene
and Epidemiology), was already focused on health issues due to airborne fungal exposure,
including those from home environments. With doctors’ collaboration, the first fungal surveys were
conducted in the homes of patients suffering from respiratory disorders. Later, different kinds of
environments were investigated such as offices with air conditioning systems, hospitals, schools,
etc. Presently, the laboratory continues to conduct these investigations in the occupational
environment and, concerning houses and public environment, works with the regional structures
(Indoorpol, 2012). Research projects are also implemented.

Late 1990s, to reduce health complaints related to the indoor environment in dwellings, local
governments in Wallonia and Brussels created indoor air services, also called "green ambulances”
(APW, 2014; IBGE-BIM, 2008). The aim of these services was to detect sources of pollutants in
dwellings and to propose appropriate mitigation methods. Analyses in dwellings are carried out on
a physician's request when an influence of indoor environment on health of its occupants is
suspected. The indoor air services follow a common protocol that includes a specially developed
questionnaire, inspection of the building, measurements and relevant analyses, as well as
proposition of mitigation actions.

At about the same time, the Flemish Government also took steps to combat health risks due to
contaminated indoor environments (MMK, 2014). Upon specific request, the environmental health
experts and the Flemish Agency for Care and Health examine possible health hazards in homes
or public buildings and offer advice or take measures to remediate these problems.
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# In Belgium, there are public local structures which carry out interventions on site. The results
help the doctors in their diagnosis and coordinated actions may contribute to a better
comprehension of pathologies with an environmental etiology.

2.1.6.2 Some results

2.1.6.2.1 Regional Projects

Wallonia

Study in nurseries and primary schools in the Province of Luxembourg (SAMI-Lux, 2010)

The indoor air service of the province of Luxembourg (SAMI-Lux or Service d’Analyse des Milieux
Intérieurs de la Province de Luxembourg) conducted a study of 72 (20 %) nursery and primary
schools of the province.

Visible moulds were observed in 50 % of the schools, most often in basements and toilets. Signs
of humidity were observed in 15 of the analysed classes (11 %). Visible moulds were observed in
18 classes (18 %). In general, mould development was limited and never exceeded 3m?Z.
Cladosporium, Penicillium and Aspergillus were the most frequent species. In 34 classes (25 %)
the quantity of spores in indoor air was higher than outside. Penicillium was the most frequent
mould in indoor air. The quantity of spores in indoor air was positively correlated with relative
humidity and with the quantity of spores on horizontal surfaces.

Dust mite allergens were detected using a colorimetric test (Acarex-Test). Pillows and carpets are
the most frequent potential sources. About half (45.5 %) of the analysed objects may cause
sensitization (contamination class 1 of Acarex-Test); 7.5 % of them may cause allergic symptoms
(class 2 or 3). Mattresses and small armchairs in tissue were the most frequent sources of high
level of dust mite allergens (class 2 or 3 of Acarex-Test).

Study in nurseries in the Province of Hainaut

In 2004, a regional public health authority in Belgium (Hainaut-Vigilance Sanitaire) is keen to learn
more about the environmental health of young children in day-care nurseries. The concern was
prompted by the “Green Ambulance” programme which undertakes investigations inside schools,
nurseries and homes when an indoor environment is suspected to be the cause of a child’s illness.

The indoor air service of the province of Hainaut (LPI: Laboratoire d’études et de prévention des
Pollutions Intérieures) linked to the regional Public Health Institute, gained the agreement of 46 out
of the 50 nurseries (ONE (Office de la Naissance et de I'Enfance) certified) in the Province of
Hainaut for a study. The team took air samples to test for atmospheric humidity and toxics, made
a systematic search for moulds, dust mites and dampness, and checked tap water for lead and
Legionella. They also completed questionnaires with the parents on children’s illnesses and
medications.

The results showed that children in nurseries are exposed to a mixture of compounds that could
be hazardous. About 30 % of the nurseries had moulds and dust-mites, and the tap water in 40 %
of the facilities contained Legionella and lead. The Legionella was a surprise finding and the team
believes that it may be responsible for a recent unusual respiratory problem in children. The medical
community has been alerted.
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Brussels (CRIPI-RCIB)

Until now, CRIPI-RCIB (Cellule Régionale d’Intervention en Pollution Intérieure - Regionale Cel
voor Interventie bij Binnenhuisvervuiling) has investigated more than 1600 dwellings on a
physician’s request (with a partnership between the Brussels Administration Environment IBGE-
BIM (Bruxelles Environnement - Leefmilieu Brussel), the Institute for Public Health and a NGO
working on respiratory health problems (FARES — Fonds des Affections RESpiratoires ASBL))
(Chasseur et al., 2014). The patient’s bedroom has the highest percentage of mould contamination:
9 % has more than 3m2 of moulds. On visible mouldy surfaces, the examination of cello tapes
indicates that Cladosporium sphaerospermum is present in 50 % of the samples, mites of faeces
in 33 %, and Acremonium spp. and Ulocladium spp. in 10 % of the samples.

In the air, the most frequent airborne moulds are Penicilium spp. in 83 % of the samples,
Cladosporium spp. in 48 %, Aspergillus versicolor in 40 % and Cladosporium herbarum in 38 %.

During investigations carried out by CRIPI/RCIB, the dust of 1.919 mattresses was also vacuumed
and analysed. The xerophilic moulds among the genera Penicillium and Aspergillus were
particularly frequent and abundant.

A project on the indoor air quality in nurseries in Brussels enabled to carry out enquiries in 31
nurseries. Concerning the microbiological contamination, the genus Staphylococcus was the most
represented and could possibly be used as a hygiene indicator to evaluate the efficiency of
cleaning. The dispersion is quite high with outliers reaching 228 CFU/25cm?. 15 nurseries showed
problems of humidity with sometimes development of moulds.

In 2012 new study started in primary-schools with a special attention concerning some allergens
such as cat allergens.

Flanders (Milieugezondheidszorq)

In Flanders, the impact of anthropogenic sources in the surrounding of dwellings has been noticed
several times. In 2010 for example, a housing near a site with mulch storage and another with linen
were investigated because of respiratory problems. In the 2 cases, a high Aspergillus fumigatus
spore load was measured in indoor settled dust. In 2011, the requests remained mainly centred on
the problems of Aspergillus. Among the requests, the case of a patient suffering from a
bronchopulmonary aspergillosis was investigated. The survey conducted by WIV-ISP initially
excluded a fungal contamination in his residence. But a second intervention conducted at his
workplace, revealed high level of Aspergillus fumigatus spores, particularly in the centralised air
conditioning installation. This contamination originated in the neighbouring wood treatment facility
(> de 500 000 CFU/m3® Aspergillus fumigatus). Also in 2011, several fungal measurement
campaigns were carried out in the immediate vicinity of various composting facilities. In some
cases, high levels of specific pollutants (Aspergillus fumigatus, Thermoactinomyces, etc.) were
noticed at distances further than 1200m.

2.1.6.2.2 Belgian Projects
Indoor environment in Belgian nurseries: from the demand to the offer (Dewolf et al., 2008)

The purpose of the study was to identify problems in the indoor environment of nurseries, enhance
the awareness of the staff, suggest efficient solutions to identified problems and support
participating nurseries towards a better quality indoor environment. The project combined the use
of an auto-assessment tool, extensive field analyses and awareness raising and training materials.
The results showed that most of the nurseries are installed in buildings built for another purpose.
This explains why about half of the participants had to manage important fitting works over time.
Many participants identified humidity and mould problems.
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The use of pesticides (occasionally) and deodorising products in rooms where children are living
was quite common. Analyses confirmed some elements highlighted through the auto assessment
tool, but also detected new ones. In order to increase the long term impact of the action,
participating nurseries received targeted recommendations, trainings have been organized, and a
toolkit was developed.

In conclusion, the action has been positively accepted by nurseries. Other children settings should
be considered in the future.

2.2 Health effects of microbiological pollutants
2.2.1 Introduction

The cause of indoor air pollution is a combinatory effect of physical, chemical and biological factors
and the adequacy of ventilation in the environment. There is a correlation between the
concentrations of the pollutants and onset of health problems, predominantly respiratory symptoms
such as a higher prevalence of respiratory diseases like asthma and allergies (Cartieaux et al.,
2011).

The most frequent health problems related to the presence of microbiological pollutants are:
respiratory irritation, allergies, asthma, airway infections and general symptoms like headache,
fatigue or digestive troubles. Health effects depend on the microorganism present, its concentration
in the air and the individual sensibility. Some persons are more vulnerable to microbiological
pollutants indoors:

- atopic subjects;

- persons suffering from chronic respiratory diseases like asthma and chronic obstructive
bronchitis;

- subjects with immune deficiency (patients on chemotherapy, AIDS);

- young children, because they inhale proportionally more air than adults, their immune
system is not yet completely developed and their pulmonary maturation is critical during the
two first years of life;

- elderly, because of different diseases and lower resistance towards pathogens in old age.

Children are particularly vulnerable to the impact of microbiological air pollution. Exposure to
various air pollutants from early life might be associated with increased oxidative stress,
inflammation and endothelial dysfunction which in turn might have long-term effects on chronic
non-communicable diseases. Asthma exacerbations are commonly triggered by exposure to
allergens and irritants within the home. Home-based, multi-trigger, multicomponent interventions
with an environmental focus are effective for improving the overall quality of life and productivity in
children and adolescents with asthma (Crocker et al., 2011).

2.2.2 Allergies and asthma

Allergies are abnormal reactions of the immune system that occur in response to otherwise
harmless substances. Their development results from complex genetic and environmental
interactions. Allergies are responsible for a variety of symptoms: allergic rhinitis, (sneezing, running
nose, clogging/obstruction and anosmia in the nose), asthma, allergic conjunctivitis
(watering/reddening eye) and atopic eczema (Medical-dictionary, 2014).

In Belgium, 11.7 % of persons declare being allergic (Enquéte de Santé, 2004). Nearly half of them
(45.5 %) are allergic to house dust mites and pollens.
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2.2.2.1 Asthma

Asthma is a chronic inflammatory disease of the airways. Its main feature is exaggerated
constriction of bronchi in response to a variety of nonspecific provoking stimuli. Asthmatic subjects
with increased airway responsiveness may develop attacks of breathlessness, chest tightness,
coughing and wheezing due to a variety of provoking factors. In most cases, asthma is caused by
inhaling an allergen, but continuing inflammation makes the airways hyper-responsive to stimuli
such as cold air, exercise, infections, certain pollutants and even stress and anxiety (Kelley, 1989;
Medical-dictionary, 2014).

The prevalence of asthma in Belgium is 4.7 % for men, and 3.9 % for women (Enquéte de Santé,
2001). Children aged 0-18 years have higher asthma prevalence (8 to 10 %) than adults. In
children, asthma is the most frequent chronic disease (Education Santé, 2014). However, many
cases of asthma are not diagnosed (FARES, 2014). A study conducted in Brussels (Michel et al.,
1999) revealed that asthma prevalence among school children was 13.8 % while only 6.8 % of
them had diagnosed asthma.

2.2.2.2 Atopic dermatitis or atopic eczema

Atopic dermatitis or atopic eczema is an inflammation of the skin. It often occurs together with other
atopic diseases like asthma or allergic rhinitis. Symptoms may vary from person to person but they
are usually present as a red, inflamed, and itchy rash. Some of the most common allergens that
can cause atopic eczema include: food allergens, house dust mites, and animals.

The prevalence of eczema is higher in early age. In Belgium, it concerns between 15 and 30 % of
children and between 2 and 10 % of adults (Mutualité Chrétienne, 2012).

2.2.2.3 Indoor allergens

The relationship between allergen exposure and subsequent disease development is complex, and
is confounded by a number of important factors. Individuals are exposed to a mixture of different
pollutants and allergens that may interact and we know very little about the impact of these mixtures
and their possible synergistic effect. The dose-response relationship between allergen exposure
and allergic disease may not be linear. It may be different for various allergens as well as the
underlying genetic susceptibility (Arshad, 2010; Brussee et al., 2005; Chen et al., 2007; Cole et al.,
2004; Custovic & Woodcock, 2001). House dust mite and cockroach allergens appear to have a
positive linear relationship, whereas cat allergens cause maximum sensitisation developing at
moderate exposure levels. Very low levels of cat allergen exposure are likely to induce no
response, and very high levels are likely to develop a form of tolerance (Murray et al., 2001).

In genetically susceptible children, exposure to allergens (with the exception of pet allergens)
during postnatal period may lead to sensitisation in early childhood. Consistent evidence indicates
that children sensitised to common indoor allergens are at higher risk of asthma and allergy.
Childhood asthma was associated with exposure to early life environmental factors, such as
cockroaches, visible mould (OR (Odds Ratio) = 1.75; 95 % CI (Confidence Interval), 1.15-2.67),
mildew odours (OR =5.04; 95 % ClI, 2.42-10.50), carpet (OR = 2.36; 95 % Cl, 1.38-4.05), pets (OR
= 2.11; 95 % CI, 1.20-3.72), and more than one hour of exposure to tobacco smoking (ETS) per
day (OR =1.93; 95 % ClI, 1.16-3.23) (Chen et al., 2011).

A wide range of indoor allergens have been identified in indoor environment. The most common
are those of house dust mite, animal dander, mould and cockroach.
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House dust mites

House dust mites are major indoor allergens. They are the most frequent causes of allergy and
asthma in Belgium and in the world. Dermatophagoides pteronyssinus and Dermatophagoides
farinae are two predominant species. The main protein responsible for allergy from dust mite is Der
p | which is found in mite faeces and in decomposed body parts. Sensitised persons may develop
asthma, allergic rhinitis, conjunctivitis and eczema. A threshold level for sensitisation to house dust
mites allergen has been found to be 2 p/g dust or 100 mites/g dust. Sensitised persons may develop
an allergic response at concentration of 10 ug/g dust or 500 mites/g dust. (Platts-Mills et al., 1997).

Pets

Animals are the second frequent source of indoor allergens. The impact of pets on health is being
discussed controversially in the literature (Salo, 2009). On the one hand, findings suggest that
animals are associated with an increase in sensitisation towards allergens but, on the other hand,
allergy-protective effects have been reported. Other authors report marginal effects of animal
allergens or no effect at all. Nevertheless, pets with a proven effect on sensitisation rates mainly
concern cats and dogs.(Baseline Report on respiratory health in the framework of the European
Environmental and Health Strategy, 2003).

The allergens from cats are secreted by sebaceous glands and saliva. Allergen within cat saliva is
transferred to the fur during grooming. Once the saliva is dry, the allergen and the particle on which
it is carried can become airborne. As the particles have a degree of ‘stickiness’ they easily attach
to soft furnishings and fabrics (chairs, curtains, clothing, bedding, carpet and alike) (Kelly et al.,
2012). Cat allergen concentrations of 2 pg/g may be enough to initiate sensitisation (Ahlbom et al.,
1998).

The major dog allergen, called Can f 1, is primarily found in dog saliva. The fur by itself rarely
causes an allergic reaction; a short-haired dog potentially causing just as many allergy problems
as a long-haired dog. The symptoms of dog allergens are thought to be not as severe as those
resulting from cat allergens (Ahlbom et al., 1998).

Cockroach

Cockroach is thought to be one of the most important of all the insect allergens. Most common in
Europe is the German cockroach Blattella germanica. Cockroach allergens are found in their
excrements as well as in shed skins and different body parts. They are involved in allergic asthma,
allergic rhinitis and atopic eczema. Cockroach allergies are especially common in crowded
multifamily dwellings in deprived urban areas. The prevalence of sensitisation to cockroach in
atopic patients is about 10 % in Europe (Van Lynden-Van Nes et al., 1996). Exposure to cockroach
allergen early in life may contribute to the development of asthma in susceptible children (Litonjua
et al., 2001).

Principal allergenic moulds

Principal allergenic moulds are Alternaria, Aspergillus, Cladosporium and Penicillium. Mould
allergens are found mainly on their spores. Mould spores can deposit on the lining of the nose or
reach the lungs. The symptoms of mould allergy are very similar to the symptoms of other allergies,
such as sneezing, running nose, nasal discharge, congestion, cough and wheezing or itchy eyes.
Evident dampness or melds have consistent positive associations with multiple allergic and
respiratory effects (Mendell et al., 2011).

Cladosporium herbarum represents one of the most important world-wide occurring allergenic
fungal species. The prevalence of IgE reactivity to C. herbarum in patients suffering from allergy
varies between 5 and 30 % in different climatic zones.
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Alternaria alternata is well known for seasonal respiratory allergies. Already in 1991, O’Hollaren et
al. presented a study concerning 11 patients (11 to 25 years old) with asthma and sudden
respiratory arrest. Ten out of 11 patients presented specific IgE to Alternaria and the episode of
respiratory arrest occurred during the Alternaria season. Andersson et al. (2003) also showed that
the proportion of children atopic to Alternaria reporting symptoms of rhinitis was significantly higher
in summer, when airborne concentrations of Alternaria were higher than in winter, when airborne
concentrations were low (66.2 % vs. 38.2 % for nasal symptoms at night, p = 0.0001, 70.6 % vs.
51.52 % for nasal symptoms during the day, p = 0.02). The prevalence of current symptomatic
asthma increased with increasing Alternaria concentrations in US homes (Salo et al., 2006).

A multicentre epidemiological study sponsored by the European Commission and based on the
analysis of more than 18 000 adults with allergy living in different European countries (Zureik et al.,
2002) has clearly demonstrated that the severity of asthma was strongly associated with the
sensitisation to two moulds of outdoor environment, Alternaria alternata and Cladosporium
herbarum. A meta-analyse of about 30 studies (Fisk et al., 2007) showed that moisture in buildings
and exposure to moulds were associated with an increase of approximately 30 to 50 % of
respiratory problems such as upper respiratory symptoms (OR = 1.7), cough (OR adults = 1.52;
OR children = 1.75), wheezing (OR = 1.5) and asthma (OR = 1.56), whereas another meta-analysis
covering 61 studies (Tischer et al., 2011) confirmed a positive association between visible moulds
and asthma (OR = 1.49), wheezing (OR = 1.68) and rhinitis (OR = 1.28) among children. Other
studies have also demonstrated the association between exposure to specific moulds (particularly
A. alternata) and fatal exacerbations of asthma (Black et al., 2000; O’Driscol et al., 2005). In the
United States, 16 million cases of asthma were recorded in 2002, including 10 to 20 % classified
as “severe asthma”; 30 to 70 % of these severe cases were sensitised to at least one species of
moulds while the frequency of sensitisation to moulds in general population is usually between 2
and 5 %. Similar associations were also demonstrated between sensitisation to moulds and other
allergic diseases such as rhinitis and conjunctivitis.

Green plants

Some green plants are responsible for occupational allergies in plant keepers but sensitisation is
also found in non-occupationally exposed patients. The allergen of Ficus benjamina is located in
the plant sap, also-called latex, but it is found also in dust collected from leaf surfaces and from the
floor of rooms where the plant was placed (Bircher et al., 1995). The main route for sensitisation is
probably by inhalation of airborne dust emanating from the leaves of the plant. The main symptoms
include conjunctivitis, rhinitis, asthma, and eczema (Axelsson et al. 1987; Schenkelberger et al.,
1998; Karimain-Techerani et Hentges, 2002).

2.2.3 Hypersensitivity pneumonitis

Hypersensitivity pneumonitis, called also extrinsic allergic alveolitis, refers to an inflammation of
the lungs caused by repeated breathing in of animal or vegetal particles. It is linked to exposure to
thermophilic Actinomycetes, moulds and animal proteins. The body's immune system reacts by
producing acute inflammation, which can develop into chronic lung disease. Symptoms include
fever, chills, malaise, headache, cough, and chest tightness. The chronic response is marked by
increasing shortness of breath, weight loss, and general fatigue. Some of the more common forms
are: farmer’s lung, pigeon breeder’s lung, and humidifier fever (Kelley, 1989; Medical-dictionary,
2014).

Outbreaks of hypersensitivity pneumonitis in office buildings have been linked to air conditioning
and humidification systems contaminated with bacteria and moulds (Consumer Product Safety
Commission CPSC, 2014). In dwellings, hypersensitivity pneumonitis is infrequent and most often
caused by contaminated humidifiers or by pigeon or pet bird antigens (EPA, 2014).
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Humidifier fever has been related to exposure to various bacteria, endotoxins and moulds found in
humidifier reservoirs, air-conditioners and aquaria. The symptoms usually begin a few hours after
exposure. Humidifier fever is a flu-like illness marked by fever, headache, chills, muscle aches, and
fatigue. Humidifier fever usually subsides in 24 hours and medical care is rarely needed.

2.2.4 Respiratory irritation

An irritant is a non-corrosive compound that causes a reversible inflammatory reaction upon direct
contact with the skin, eyes, nose or respiratory system. The actions of irritants are non-specific and
do not entail an immunological mechanism (Brooks, 2005). They cause loss of the protective
epithelial cells, increased permeability and chronic inflammation of the mucous membrane.
Symptoms of an irritant reaction are similar to an allergy and include eye dryness, runny nose,
cough, voice hoarseness, itchy skin. Long term exposures to irritants result in heightened
respiratory and systemic symptoms in response to low concentrations of irritants.

Any microbial particle may provoke airways irritation by its mechanical action on mucous
membranes but also due to chemical composition. Concerning moulds, the [-1,3-glucans
(Pasanen, 2001) play a role in triggering inflammatory reactions of mucous membranes
(macrophage activation), as well as some of irritating volatile organic compounds (MVOCS)
(Matysik et al., 2008; Moularat et al., 2008; INSPQ, 2002; Kim et al., 2007; Vojta et al., 2002).

2.2.5 Airway infections

Airway infections associated to indoor microbial exposure may be of bacterial, viral or fungal origin.
They include upper and lower respiratory tract infections and otitis media. Upper respiratory tract
infections include common colds, pharyngitis and sinusitis. Lower respiratory tract infections
include pneumonia, acute bronchitis, acute exacerbation of chronic bronchitis, and invasive
pulmonary aspergillosis (Fisk et al., 2010).

The increase in respiratory infections in association with mould exposition might result from
impairment of immune defences. Studies both in vitro and in vivo have demonstrated inflammatory
and immunosuppressive responses to the spores, metabolites and components of specific
microorganisms found in damp buildings. Repeated activation of immune responses and
inflammation from microbiologic exposures may contribute to inflammation-related diseases, and
the inflamed mucosal tissue may provide a diminished barrier to respiratory infections. In result,
increased number of infections or more serious infections can be observed (Fisk et al., 2010).

2.2.5.1 Aspergillose

Invasive pulmonary aspergillosis occurs in subjects with immune deficiency. It is a rapidly invasive
and usually fatal form of pneumonia. The causative agents are Aspergillus species. Aspergillus
fumigatus is the most frequent pathogenic species but A. niger and A. flavus are not uncommon.
Aspergilloma is a localized Aspergillus infection occurring in chronic lung cavities. It is usually a
silent disease, but it may cause cough, intermittent fever, local pleuritic chest pain and hemoptysis.

2.2.5.2 Legionellose

Legionella spp. is probably the most common bacteria mentioned in association with indoor
expositions. It may provoke illnesses called Legionnaires’ disease. The disease is not contagious
and cannot be spread directly from person to person. It is caught by breathing in small droplets of
contaminated water.

Different forms are distinguished and include a severe form of pneumonia (Legionnaires’ disease
or legion fever), as well as a less serious infection of upper airways (Pontiac fever).
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The symptoms are similar to those of flu, i.e. fever and chills, cough, muscle pains and headache.
Persons with Pontiac fever generally recover in 2 to 5 days without treatment. Persons with
Legionnaires’ disease develop diarrhoea, vomiting, mental confusion and a potentially fatal form of
pneumonia. Some people are at higher risk: people over 50 years old, smokers, heavy drinkers,
people suffering from chronic respiratory or renal diseases or with an impaired immune system
(WIV-ISP, 2009; HSE, 2013).

Legionnaires’ disease is rather rare: 2 % of non-hospitalised pulmonary diseases, but the mortality
rate is relatively high: 12 % (https://indoorpol.wiv-
isp.be/fr/methodologie/microorganismes/Microorganismes/Bact%C3%A9ries.aspx?PageView ). In
Belgium, from 50 to 100 cases of Legionnaires’ diseases were recorded every year between 1999
and 2010.

2.2.6 General symptoms

A spectrum of nonspecific complaints is often linked to the presence of microbial agents in the
indoor environment. These complaints may include headache, inability to concentrate, memory
loss, irritability, articulation pains, gastro-intestinal troubles, and general malaise. Several recent
studies associate different health symptoms with damp indoor environment and the exposure to
moulds and bacteria (Haverinen et al., 2001; Pasanen, 2001; INSPQ, 2002; Bornehag et al., 2004;
Nevalaines et Seuri, 2005).

2.2.6.1 Endotoxins

Inhaled endotoxins induce an inflammatory response in the lungs. The systemic effects like fever,
malaise and headache occur at higher exposure levels. The inflammatory reaction can lead to
acute (respiratory and systemic) effects including fever, shivering, dry cough, chest tightness,
dyspnae, joint aches and influenza-like symptoms, which are all symptoms of the Organic Dust
Toxic Syndrome (ODTS). Epidemiological and animal studies suggest that chronic exposure to
endotoxins may lead to symptoms indicative of chronic bronchitis and asthma and reduced lung
function, most likely via chronic inflammation. In case of prolonged exposure, an accelerated
decline in lung function and increased bronchial reactivity can lead to chronic obstructive pulmonary
disease (Health Council of the Netherlands, 2010).

2.2.6.2 Mycotoxins

Mycotoxins and other secondary metabolites are also present in fungal spores and fragments of
mycelium (Jarvis et al., 1998). Many moulds produce more than 300 mycotoxins that can have
toxic effects (Reboux, 2006), best known from ingestion of contaminated food. This is the case of
aflatoxins, tricothecenes, etc., which can cause serious health problems leading even to death. The
toxicity of inhaled mycotoxins remains controversial. However, the research of mycotoxins inside
buildings is not useless. In a recent study (Blomme et al., 2013), one hundred samples of materials
and 18 dust samples collected in damp buildings were analysed. Several mycotoxins were
investigated (trichothecenes and trichodermin, sterigmatocystin, gliotoxin B and satratoxin G and
H). Some 66 % of materials and 11 % of dust samples were positive for at least one of the
mycotoxins. Macrocyclic trichothecenes were measured in the air (Brasel et al., 2005), and the
sterigmatocystins in the presence of Aspergillus versicolor in carpet dust (Engelhart et al., 2002).
Biomonitoring provides also heckling elements. This is the case for the presence of trichothecenes
(Brasel et al., 2004; Straus, 2009) or stachylysin (Van Emmon et al., 2003) in the serum of patients
highly exposed to Stachybotrys chartarum.

This is also the case for patients with chronic fatigue syndrome; in 104 of 112 patients, urine
contained at least one mycotoxin among aflatoxins, ochratoxins and macrocyclic trichothecenes
(Brewer et al., 2013).
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2.3 Conclusies en aanbevelingen wat betreft microbiologische verontreinigende stoffen in
het binnenmilieu in Belgié

Er bestaan bepaalde bases in het domein van de microbiologische verontreinigende stoffen:

de aanwezigheid van dieren, planten en mensen in het gebouw is een belangrijke bron van
allergenen. Ook buitenlucht is ook een belangrijke bron van natuurlijke, via de lucht verspreide
schimmelsporen die gebouwen kunnen binnendringen en zich opstapelen in neergeslagen stof.
van buiten afkomstige bacterién en specifieke contaminaties in de omgeving van de woningen
die te wijten zijn aan menselijke activiteiten kunnen naburige gebouwen binnendringen en zich
opstapelen in neergeslagen stof;

rekening houdend met de resuspensie van stof in de lucht kan het fenomeen van accumulatie
van neergeslagen stof het hele jaar door een belangrijke bron van schadelijke gevolgen zijn;
vocht in gebouwen komt vaak voor en kan verschillende oorzaken hebben. In onze streken
komt zichtbare schimmelvorming als gevolg van overmatig vocht regelmatig voor en wordt het
vaak beschouwd als de voornaamste microbiologische contaminatie in de woning. Vochtigheid
lijkt ook een belangrijke factor te zijn voor een mijten- of kakkerlakkenplaag;

in Belgié bestaan er plaatselijke openbare diensten die ter plekke komen voor bestrijding. Het
resultaat van die acties helpt artsen bij hun diagnose en gecodrdineerde acties kunnen
bijdragen tot een beter inzicht in milieugerelateerde aandoeningen;

het is niet mogelijk om gezondheidskundige normen voor het aanvaardbare aantal micro-
organismes in het binnenmilieu te definiéren, maar er werden bepaalde drempelwaarden
berekend en die worden gehanteerd door de verschillende laboratoria. Die waarden worden
gelinkt aan de specifieke steekproef- en analysemethodologie die elk laboratorium gebruikt en
maken het mogelijk microbiéle afwijkingen in omgevingen te detecteren.

Verschillende punten dienen echter verder ontwikkeld te worden:

1.

doeltreffendheid en potentiéle bijwerkingen van nieuwe producten: als gevolg van de
maatschappelijke evolutie (groeiend besef van de invioed van de omgeving op de gezondheid)
verschijnen er nieuwe producten of concepten op de markt die profiteren van een wettelijk
vaculm in verband met de verplichting om het nut, de doeltreffendheid en vooral de
afwezigheid van gezondheidsrisico's aan te tonen;

geharmoniseerde steekproefstrategieén: er bestaat geen consensus over de grote
verscheidenheid aan steekproefstrategieén. Bovendien kunnen luchtstalen tijdens een
microbiologische audit wel nuttige informatie verschaffen, maar dat volstaat niet omdat de lucht
onstabiel is. Die informatie dient bevestigd te worden door de analyse van andere matrixen,
zoals neergeslagen stof op meubilair en andere horizontale oppervliakken of stofophoping in
tapijten, zetels en matrassen. De verscheidenheid van de prestaties van de samplers en van
de steekproefprocedures voor schimmels en bacterién komen nog bovenop de diversiteit van
de methodes in de verschillende analyseniveaus, wat een consensus voor standaardisatie nog
ingewikkelder maakt;

gelpdatete classificatie van biologische agentia: volgens het Koninklijk Besluit van
4 augustus 1996, dat momenteel van kracht is, worden biologische agentia geclassificeerd in
vier groepen, afhankelijk van het risico op besmettelijke ziekten. De gezondheidsrisico's als
gevolg van niet-infectieuze pathogene bacterién in de omgeving komen totaal niet aan bod.
De definitie van de biologische agentia van groep 1, gedefinieerd als niet in staat om ziektes
uit te lokken bij mensen, klopt niet voor allergieén;

transparantie: in de verschillende drempelwaarden voor microbiologische agentia die worden
vermeld in de regionale regelgeving krioelt het van de onnauwkeurigheden op het viak van
terminologie en ontbreken er ook details of referenties voor de steekproef- en
analysemethodologie, zodat ze onbruikbaar zijn en een bron van foute interpretatie van de
resultaten vormen. Dat uit zich vaak in contradicties tussen uitspraken in officiéle
aanbevelingen en de ervaring van mensen die plaatselijk actief zijn in het veld;
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behoefte aan gezondheidskundige normen en internationale regelgeving: er bestaan
geen gezondheidskundige normen voor het aanvaardbare aantal micro-organismes in het
binnenmilieu, en ook geen internationale regelgeving voor concentraties van via de lucht
verspreide schimmels of schimmelsporen. Die behoefte sluit nauw aan bij de relevantie van
aanbevelingen voor het ontwerp, de bouw en het onderhoud (renovatie) van gezonde
woningen en ventilatiesystemen;

er bestaan geen drempelwaarden voor via de lucht verspreide concentraties van
schimmels of schimmelsporen, maar in de praktijk heerst er een zekere consensus over de
karakterisering van de microbiéle blootstelling in een omgeving. De interpretatie van de
resultaten die zijn verzameld voor een microbiologische steekproef mag in geen geval beperkt
blijven tot louter het kwantitatieve aspect.

Daarom wordt het volgende aanbevolen:

1.

2.

er moet een consensuskader voor microbiologische steekproeven en interpretatie van de
resultaten in termen van gezondheidsrisico's komen;

de wetgeving voor microbiologische en gezondheidsgerelateerde verontreinigende stoffen
dient te worden herzien en verduidelijkt op basis van een methodologische consensus;

er moeten specificaties voor de voornaamste types microbiologische sanering worden
opgesteld, rekening houdend met de geassocieerde gevaren. Dat zal vervolgens leiden tot de
formalisering van praktijken in verband met gezondheidsaspecten;

het is nodig om een observatiecel op te richten op Belgisch niveau die het mogelijk maakt om
te bepalen voor welke aspecten er een wettelijk kader moet worden gecreéerd, zoals in het
geval van een verzoek om een vergunning voor het in de handel brengen van nieuwe producten
of concepten (bv. probiotica).

Er moet extra aandacht gaan naar stoomreinigers, die vocht toevoegen aan matrassen, tapijten
enz., en bijdragen tot meer huisstofmijten. Andere aspecten die ook meer aandacht moeten
krijgen zijn vochtwerende chemische behandelingen zoals behandeling van muren tegen
opstijgend vocht (techniek van injectie in de muren). De gebruikte stoffen kunnen schadelijk zijn
voor de gezondheid.
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3. Radon in indoor air in Belgium
3.1 Problem

Radon is a radioactive gas coming from radioactive decay of radium in the uranium and thorium
series, naturally present in soil, rock and building materials. The decay products of radon are alpha-
and beta-emitting particles of lead and polonium that can irradiate the respiratory system when
inhaled. That is why the WHO IARC Agency has classified radon as a certain carcinogen since
1988 (IARC, 1988). The ventilation of buildings leads to a concentration indoor that is at least as
high as the concentration in outdoor air. The higher values measured in indoor air result from the
infiltration and accumulation of radon from soil and building materials. The main cause of high
radon concentrations in (the Southern part of) Belgium is the soil and its rock substratum. That is
why the indoor radon concentrations are generally higher in areas where the pre-Tertiary geological
basement is close to the surface (in the Ardennes, parts of the Condors, the area between Sombre
and Meuse and the Brabant massif) than in areas covered by thick Tertiary and Quaternary
deposits. Radon from building materials is an important but less variable source of exposure for
the population, while radon in drinking water is seldom an important radon source. There is an
exposure-effect relationship between the indoor concentration of radon and the incidence of lung
cancer; therefore efforts to improve indoor air quality (IAQ) are welcome to help reducing the
incidence of lung cancer, which is associated with substantial mortality. Contrarily to other
pollutants, radon is of natural origin and not man-made. Its presence in our environment can be
man-enhanced, associated with activities, such as the way private and public buildings are
designed and constructed, or by using or recycling materials (such as fly-ash) that may contain
small concentrations of radioactive materials. At local scale, efforts to reduce radon indoor
concentrations are simple and relatively cheap, especially for new buildings. At nation scale, this
requires more efforts, not only in technical terms but also in terms of policy making. These aspects,
together with the current evolution to more air-tight buildings with the risk of lower ventilation rates,
make radon an important indoor air pollutant that has to be considered in public health policies
regarding indoor air quality. The current text gives a review of the current relevant knowledge on
radon in Belgium, and formulates some recommendations to the way how to deal with radon in
public health policies. The subject is important in the medium term health context, since the only
way the problem can be tackled over the next decades is at the policy level. The framework of the
current document limits itself to residential exposure and exposure in public buildings and does not
address occupational exposure.

3.2 Outline and current status (review)
3.2.1 International context

The first extensive reports mentioning the important health effects of the exposure to radon have
been published in 1977 and 1982 by the United Nations Scientific Committee on the Effects of
Atomic Radiation (UNSCEAR, 1977 and 1982), as well as in 1984 and 1987 by the International
Commission on Radiological Protection (ICRP, 1984 and 1987), in the BEIR IV report (BEIR, 1988)
and the IARC publication of 1988 (IARC, 1988). In 1990, ICRP 60 (ICRP, 1990) stated that ‘action
levels’ should be introduced, for which an appropriate intervention is always justified when passed.
The ICRP recommends protective measures for new buildings in radon-prone areas. In 1993, ICRP
dedicates its full publication n° 65 (ICRP, 1993) to the radon problem, proposing the delimitation of
‘radon prone areas’, and proposing policies for radon prevention (in new buildings) and remediation
(in existing buildings). The commission judges that for an annual dose of 10 milliSievert (mSv),
intervention is almost always justified. Dose conversion coefficients have been derived from
epidemiological studies, leading to a value for residential exposure of 6.1 nanoSievert (nSv) per
Bgh/m3 (Becquerel hour per cubic meter) equilibrium equivalent concentration. This dose
conversion factor was implemented in the European and Belgian legislation and is still used today.

Hoge Gezondheidsraad - 88 -
www.hgr-css.be

be



The United Nations in the United Nations Scientific Committee on the Effects of Atomic Radiation
(UNSCEAR) 2000 report (UNSCEAR, 2000) adopted a higher dose conversion factor based on the
combination of dosimetric calculations and epidemiological studies. The UNSCEAR dose
conversion value of 9 nSv per Bgh/m? equilibrium equivalent concentration leads to 400 becquerel
(Bg)/ms3 corresponding to 10 mSv per year for residential radon exposure (7000h).

The European Commission published its first recommendations regarding radon in 1990
(90/143/EURATOM, 1990). The text was based on the early publications of ICRP (ICRP, 1987)
and proposed 400 Bg/m3 as an action level for existing buildings and 200 Bg/m?3 as a design level
for new buildings. Although Directive 96/29/Euratom (96/29/EURATOM, 1996) explicitly deals with
radon in workplaces (including public buildings), the practical implementations, treated in the
publication Radiation Protection 88 (Radiation Protection 88, 1997), conclude that occupational
exposure and residential exposure are clearly linked and that a common approach dealing with
both situations should be followed.

The drinking water directive of 2013 (Council Directive 2013/51/EURATOM) sets maximal values
of 100 Bg/l for public water supplies and 1000 Bg/I for private wells.

During the early years of the third millennium, several pooled epidemiological studies have been
completed providing new and strong evidence of increased radon risk for domestic exposures
(Baysson et al., 2004; Lubin et al., 2004; Darby et al., 2005; Krewski et al., 2005). Importantly, for
the first time at such a scale, radon concentrations ‘'measured at individual homes, rather than
averaged regional data, were used for studying a potential dose-relationship between individual
radon exposure and health effects (Darby et al., 2005). International organisations have therefore
recently strengthened their positions on the indoor radon issue. ICRP published its new
recommendations in 2007 (ICRP, 2007), proposing to treat residential radon as an existing
exposure situation and apply the source-related concepts of radiation protection (reference levels,
optimisation, etc.). UNSCEAR published in 2009 a report on levels of radon exposure and health
effects, concluding that radon exposure leads to increasing the underlying risk of lung cancer
(UNSCEAR, 2009). This is particularly relevant for smokers (or previous smokers) as the combined
effect of smoking and radon was found to be almost multiplicative. The WHO 2009 handbook on
indoor radon focuses on the exposure from a public health perspective and provides
recommendations and policy options for reducing health risks (WHO, 2009). The handbook
recommends a national reference level of 100 Bg/m3. However, if this level cannot be reached
under the prevailing country-specific conditions, the reference level should not exceed 300 Bg/ms3.
ICRP issued also in 2009 a statement recommending a dose conversion factor almost twice the
value previously used by the ICRP in publication 65 (ICRP, 1993) and regulatory authorities
worldwide. The ICRP statement on radon has been published in Publication 115 related to the lung
cancer risk from radon and progeny (ICRP, 2010).

The European Commission has recently published the Basic Safety Standards (BSS) directive
(2013/59/EURATOM, 2014) taking into account the most recent general recommendations of the
ICRP in publication 103 (ICRP, 2007). The new BSS directive incorporates the Commission
Recommendation of 1990 on the protection of the public against indoor exposure to radon
(90/14/EURATOM, 1990). The Directive introduces the use of a reference level for radon in
dwellings and in workplaces, implying optimisation of the protection above as well as below the
reference level (Article 7). Regarding the higher risks (ICRP, 2007; ICRP, 2010), the European
Commission proposes to lower the maximum value for the reference level in existing dwellings to
300 Bg/m3. Member States also have the obligation to establish a national radon action plan to
address all radon exposure in both an integrated and graded approach. Also building materials are
considered in the new BSS as an existing exposure situation and should be characterised by the
activity concentration index for gamma radiation?.

C(Ra-226) | C(Th—232) C(K-40)

3 - . _
The gamma activity concentration Index [ = 300 Ba/ke T 200Ba/kg T 3000 Ba/ke
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Complying to this index (<1) should also limit the derived contribution to the indoor radon
concentration to values below the reference level under normal ventilation circumstances. The
Directive has to be transposed into national legislation by February 2018.

3.2.2 National context

In Belgium, regulations on ionising radiation are a federal competence, with the competent authority
being the Federal Agency for Nuclear Control (FANC). Following the European and international
recommendations, a national radon action plan is in application since 1995. After several
reconnaissance studies (Vanmarcke et al., 1988; Poffijn et al., 1990) highlighting the presence of
affected areas in the south of the country and the low radon concentrations in the north, a first
national indoor radon measurement campaign selecting representative dwellings homogeneously
spread over the territory produced the first national radon maps (Zhu et al., 1998; Zhu, 2001) and
revealed the average indoor exposure of the Belgian population of around 50 Bg/m3. Subsequently,
municipal measurement campaigns in the affected areas lead to higher levels of detail, allowing
more detailed mapping of the radon-prone areas. The FANC decree of August 10, 2011, has
classified the Belgian territory in three risk levels (FANC, 2011) on the basis of the percentage of
dwellings above the action level of 400 Bg/ms3, the reference level recommended by the European
Commission to reduce radon concentrations in existing dwellings (UNSCEAR, 2000). Radon
measurements (and if necessary remediation) have to be carried out in workplaces and public
buildings in radon class 2 (the highest risk level where more than 5% of the measured houses
exceed the action level of 400 Bg/m3).

% > 400 Bg/m?®

T <1%

[ 11%-2%
| 2,1% - 5%

Bl 5.1 - 10%

I 0% 0

Figure 13. Distribution of indoor radon risk (percentage above the action level of 400 Bg/m3) for the Belgian
municipalities (situation 2012). Radon class 0 (< 1 %), radon class 1 (1.1 to 5 %) and radon class 2 (> 5 %).

In the frame of the radon action plan, FANC, in collaboration with the local authorities, has initiated
over the last few years a series of projects to increase public awareness on radon, especially in the
radon prone areas of Belgium.
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The main communication tool is an extensive website (part of http://www.fanc.fgov.be/) available
in French, Dutch and German with information on the health risk, the average radon concentration
in each municipality, the Belgian radon action plan, radon in workplaces, how to measure and
mitigate, and prevention for new buildings. There are several leaflets and brochures about radon
published, with advice for reducing radon exposure in existing buildings and for preventing radon
ingress in new buildings.

An important aspect of the radon action plan is the collaboration with local and regional authorities,
competent for related issues such as preventive health, building regulations, education and land
management. The municipalities, provinces and federated entities (i.e. regions and communities)
all have a specific role in the management policy of radon, especially in the affected areas.

As a matter of continuous public awareness effort, radon information and measurement campaigns
are organised annually (during the winter season) in different regions in order to inform the public,
the employers and the local authorities, to provide low-level measurement possibilities to the
population and to public buildings, and to stimulate and promote preventive measures for new
buildings.

Based on the available indoor radon measurements, an estimate can be made concerning the
exposure of the Belgian population to radon. This estimate is influenced by the lack of detailed and
representative measurements in flats and apartments located not on the ground floor. However,
based on all available measurement data it can be deduced that these types of dwellings,
characterized by average ventilation rates, almost never have high radon concentrations, and
therefore they have never been the subject of detailed study. Indoor radon measurements taken
into account for mapping purposes and for the estimation of the indoor radon exposure are purely
based on ground-floor measurements of single-family houses. Since in Belgium about 75 % of the
population lives in these kind of dwellings, it nevertheless gives a good and conservative estimate
of the population exposure. Table 18 shows the statistical variations (population weighted) in the
different regions and for the radon prone areas (RPA). Table 18 gives an estimate of the number
of dwellings (single family houses) for each category of radon exposure. As the population of radon
measurements generally (as it is the case in Belgium) have a log-normal distribution, the geometric
mean (and geometric standard deviation) is used in this estimation.

Table 18. Average radon exposure of the Belgian population (population data for 2010). AM:
arithmetic mean, MED: median, GM: geometric mean, GSD: geometric standard deviation. Values
are in Bg/m3. RPA: radon prone areas. % gives the percentage of single family houses above the
indicated radon concentration (in Bg/m3)

Population | dwellings | AM MED | GM | GSD | %>100 | % >200 | % >300 | % >400 % >800
Belgium 10584534 3742000 57 44 46 1.7 10.0 2.1 0.9 0.6 0.2
Wallonia 3435879 1325000 84 60 75 1.7 26.0 4.5 2.6 1.6 0.4
Flanders 6117440 2191000 44 37 36 1.2 3.2 0.1 0.05 0.0 0.0
Brussels 1031215 226000 44 37 36 1.2 4.0 0.1 0.1 0.0 0.0
RPA 376568 130000 220 127 137 | 1.9 43.0 33.0 17.0 13.0 4.3

In the radon prone areas, about 43 % of the dwellings have indoor radon concentrations above 100
Bg/m3 (Table 18), corresponding to about 56.000 dwellings (Table 19). In this area, we find nearly
all of the very high radon concentrations (about 5.600 dwellings with concentrations above 800
Bg/m3). The vast majority of dwellings with radon concentrations above 200 Bg/m? are situated in
the southern part of the country.
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Table 19. Estimate of the number of dwellings (single family houses) in the different categories of radon
exposure (Bg/m?3)

dwellings | >100 | >200 | >300 |>400 | >800

Belgium 3742000 | 360000 | 84000 | 36000 | 21000 | 5600
Wallonia 1325000 | 280000 | 79000 | 35000 | 21000 | 5600
Flanders 2191000 | 70000 |some |some |O 0
Brussels 226000 9000 5000 |some |0 0

Radon prone areas | 130000 56000 | 43000 | 22000 | 17000 | 5500

The Belgian population is clearly not homogeneously exposed to radon, due to the highly significant
regional variations of the soil- and rock composition. The very high values are almost exclusively
restricted to the radon prone areas (although very local hot-spots do occur in some places), and
the Walloon region is in its entity much more exposed than the Brussels and Flemish regions. Only
a few buildings are thought to have radon concentrations above 200 Bg/m? in these last two regions.
Activities to reduce radon therefore have to be adapted to the regional differences and specific
situations.

Detailed measurement campaigns in schools and public buildings have highlighted the same
regional variations in these types of buildings as in dwellings. In the case of schools, high radon
concentrations often coincided with other IAQ problems such as high carbon dioxide (CO,)
concentrations. Remediation solutions in these cases should always aim at a general improvement
of IAQ.

Concerning radioactivity of building materials, a recent research project B-NORM investigated the
situation in Flanders (B-NORM, 2013). All of the 120 bulk building materials had activity indexes
below 1, classifying them as sufficiently safe for use from a gamma radiation point of view. All
surficial materials (tiles) had activity indexes below 6, indicating that they will not lead to gamma
doses above the reference level of 1 mSv/year.

For radon in drinking water, the available FANC measurements do not indicate concentrations
above 100 Bqg/l in water distribution networks. In specific situations, where local well water is used,
the concentrations can reach several 100 Bg/l.

In general, apart from increasing the ventilation rate, there are two main groups of mitigation
techniques. The first consists of improving the air-tightness of the contact zone between the ground
and the building, or between basement (or crawl-space) and the rest of the building. Sealing
conduits and ducts or installing air-tight basement doors are some examples. The second group of
mitigation techniques consists of changing the pressure difference between the ground and the
building. This can be achieved by creating a low pressure zone in the basement or crawl space
using an fan, by depressurisation of the soil (using a fan) or by changing the pressure inside the
inhabited rooms by mechanical ventilation or supplementary air-inlets. If properly done, these
actions may have very limited energy costs. It is important to point out that the exposure to indoor
radon can significantly increase when the ventilation is not well balanced or malfunctioning.

Very often, efficient mitigation in existing buildings with very high radon concentrations can be only
achieved by active measures such as sub-floor ventilation or air extraction from basement or crawl-
space, combined with passive measures of sealing pathways.

For new buildings, prevention techniques consist of assuring the air-tightness of the building with
respect to the soil (sealed conduits and ducts, radon-proof membrane, air-tight basement doors)
and by the installation of a permeable layer below the slab that can be depressurised if necessary
by means of a fan. Radon prevention is in general less expensive and easier to achieve than radon
mitigation.
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3.3 Impact on public health

The short lived progeny from the decay of radon gas in air can deposit in the lungs. Since the
biological clearance of the radon decay products in the lungs exceeds a few hours, there is time
for decay to lead-210. In this process, two alpha particles are emitted from polonium-218 and
polonium-214. These alpha particles can damage the stem cells of the respiratory tract. There is
now compelling evidence from cohort studies of underground miners and from case-control studies
of residential radon exposures that radon progeny can cause lung cancer. The linear increase
without threshold of the relative risk with indoor radon concentration has been estimated in various
recent studies (Baysson et al., 2004; Darby et al., 2005). The European pooled residential study
(Darby et al., 2005) is in good agreement with the pooled North American (Krewski et al., 2005)
and Chinese studies (Lubin et al., 2004). As the European study has a better statistical power,
UNSCEAR (2009) and ICRP (2010) adopted the measurement corrected estimate of excess
relative risk for developing lung cancer from the European pooled study of 0.16 per 100 Bg/m3.
This would mean that indoor radon may have a role in a bit less than 10 % of all lung cancer in
Europe (Baysson et al., 2004), of which a major part are smokers. One of the conclusions of the
study (Darby et al., 2005) is that residential pooled studies may indicate a no-threshold effect of
radon. Accordingly, following the “as low as is reasonably achievable” (ALARA) principle, any
reasonable efforts to reduce the exposure and concentrations to levels less than 100 Bg/m3 should
be considered.

Estimation of radon induced lung cancers in Belgium can be done based on the estimated mean
of the radon concentration (Table 18). Applied to the different regions in Belgium and to the radon
prone areas, this gives the distribution of the estimated lung cancer (LC) risk and estimated annual
LC incidence rates (Table 20) in different parts of Belgium. The LC risk is given per thousand
persons for non-smokers (NS) and for smokers (S), in function of different radon exposure levels.
The basic risk, without exposure to radon, is taken to be 4.1 LC per thousand persons (for NS) and
101 LC per thousand persons (for S). The table is only indicative, taking into account the large
uncertainties of the regional variations in smoking habits in the past.

Table 20. Estimated annual lung cancer (LC) incidence rate in Belgium for non-smokers (NS)
and smokers (S). Lifetime LC risk (0.16% increase per Bg/m3)* expressed per thousand.
Lifetime =70y

LCrisk NS | LCrisk S | LCNS | LC S | total | Due to radon
Belgium 4.4 108.4 399 6558 | 6958 | 477 (27 NS and 450 S) (7%)
Wallonia 4.5 113.1 135 2221 | 2356 | 252 (14 NS and 238 S) (11%)
Flanders 4.3 107.0 228 3740 | 3967 | 222 (13 NS and 209 S) (6%)
Brussels 4.3 107.0 38 630 | 669 | 37 (2 NS and 35 S) (6%)
Radon prone areas | 5.0 122.0 16 263 | 279 | 48(3NSand45S) (17%)
No radon* 4.1 101.0

*After Darby et al., 2005

The number of lung cancers estimated corresponds well with the observed LC incidence rates for
the years 2004-2005 (Belgian cancer registry), when the basic risk (LC incidence rate without
radon) from Darby et al. (2005) is used, and when the smoking part of the general population is
taken to be 40 %. This rather high value seems to be justified taking into account the importance
(with respect to LC risk) of the long term exposure and the fact that the smoking percentage of the
population has been higher in the past.
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The estimation of the annual LC incidence rates show that about 7 % of the LC in Belgium can be
attributed to radon. In the radon prone areas this increases to about 17 %. For smokers, the LC
risk in absolute numbers increases strongly when they are exposed to high concentrations of radon.
The data show that, if the average radon concentration in the radon prone areas could be reduced
to levels close to the Belgian geometric mean (46 Bg/m3), about 30 LC (11 %) in this areas could
be avoided every year. If the average radon concentration in the Walloon Region could be reduced
to levels around the Belgian average, about 100 LC per year could be avoided.

This estimation illustrates the importance of the implementation of a general strategy in radon
policy. If the objective is to have an impact on the LC incidence rate, the actions to reduce the
radon exposure should not be restricted to radon prone areas, but also to reduce the average
concentration in less exposed areas. This also illustrates the importance to avoid in the future an
increase of the average radon exposure in areas where this exposure is still low today. Possible
risk factors for such an increase are changing building techniques and a general trend towards low-
energy building, implying possible risks of lowering ventilation rates to levels where indoor
pollutants such as radon are no longer efficiently removed from the indoor air. In the context of low-
energy building and energy-saving measures, the radon concentration in the case of a constant
source-term (exhalation rate) is inversely proportional to the ventilation rate. Also, the use of new
energy-friendly heating techniques such as air heat-pump systems can potentially increase the
indoor radon concentration (and negatively influence the IAQ in general). Therefore, a close follow-
up of these technological progresses is deemed necessary.

The general implementation of radon resistant building techniques for new buildings as discussed
in chapter 2 is probably the only efficient tool to achieve this reduction of the general exposure (not
only in the radon prone areas).

3.4 Conclusies en aanbevelingen wat betreft radon in het binnenmilieu in Belgié

1. Doelstelling. Omdat radon sterk bijdraagt aan de blootstelling van de Belgische bevolking en het
verband met een verhoogd risico op longkanker bewezen is, bestaat de doelstelling op lange
termijn erin om de gemiddelde blootstelling van de bevolking aan radon te verlagen. Voor het
zuiden van het land kan dat door radon te voorkomen in nieuwe gebouwen en door metingen en
verlagingen van de niveaus in bestaande gebouwen. Om extra toename van de blootstelling aan
radon te vermijden, moet de radioactiviteit van bouwmaterialen nauwlettend in het oog worden
gehouden en moet er rekening worden gehouden met radon bij de ontwikkeling van energiezuinig
bouwen (aangepaste ventilatienormen, vermijding van direct contact met bodem/lucht enz.). Voor
het noorden van Belgié zal dat leiden tot het behoud van het huidige blootstellingsniveau. Het is
belangrijk om te weten dat minder roken een lager radonrisico als gevolg zou hebben wegens
het bijna synergetische effect tussen radon en roken.

2. IAQ. Radon moet worden opgenomen in een algemene geintegreerde benadering van IAQ.
Op het vlak van preventieve gezondheidszorg hangt de garantie van een gezond binnenklimaat
sterk af van een aangepast en efficiént ventilatiesysteem. De blootstelling aan verontreinigende
stoffen van de binnenlucht (o.a. radon) neemt toe als de ventilatie van lage-energiewoningen
niet goed is afgesteld of slecht werkt.

3. Referentieniveau. In het kader van de nieuwe Europese basisveiligheidsnormen en volgens
de algemene benadering van de ICRP 103-publicatie om radon te bekijken in een kader van
bescherming tegen straling wordt aanbevolen een referentieniveau te gebruiken dat wordt
gedefinieerd als de maximale dosis of het maximale risico waarvoor blootstelling doorgaans
toegestaan is. Onder het referentieniveau moet er worden gezorgd voor optimale bescherming.
Als doelstelling op lange termijn wordt 3 mSv/j (of ongeveer 100 Bg/m3) voorgesteld, met een
overgangsniveau voor bestaande gebouwen van circa 10 mSv per jaar (ongeveer 300 Bg/m3).
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Preventie en anticiperen voor nieuwe gebouwen. Voor het halen van de doelstelling om de
gemiddelde blootstelling van de bevolking te verlagen, moet radonpreventie in nieuwe
gebouwen georganiseerd en gecontroleerd gebeuren. Het is aanbevolen om
bouwvoorschriften op te stellen op elk wettelijk bevoegdheidsniveau, met inbegrip van
radonpreventie. Er kan een stapsgewijze benadering van de bescherming afhankelijk van het
risiconiveau van de bouwzone worden toegepast, met verhoogde bescherming in de zones met
een grote kans op radon.

Beheersing van radongerelateerde risico's in zones met een grote kans op radon. Er
moeten continue publieke bewustmakingcampagnes worden gevoerd en de bevolking moet de
kans krijgen om radonmetingen te verrichten en informatie te krijgen over corrigerende
maatregelen. Een systeem met financiéle steun voor verlaging van de radonniveaus zou een
gunstig effect kunnen hebben. Corrigerende maatregelen die niet aansluiten bij de state-of-the-
artpublicaties ter zake en die commerciéle bedrijven soms aanbieden, moeten worden
genegeerd, want ze hebben mogelijk geen impact of zelfs een negatieve impact op de
blootstelling van de bewoners van het gebouw aan radon binnenshuis.

Vastgoedtransacties. Het verdient aanbeveling om een informatiesysteem over de radon-
concentratie in een gebouw op te stellen ten behoeve van vastgoedtransacties (verkoop of
verhuur). Zo kan de nieuwe gebruiker/eigenaar van een gebouw indien nodig corrigerende
maatregelen treffen (en bijgevolg de blootstelling aan radon van toekomstige bewoners verlagen).

Radondatabase. Het verdient aanbeveling om een centrale database met alle informatie over
radonmetingen aan te leggen. Dat maakt een regelmatige update van de risicokartering voor
radon en een meet- en evaluatietool voor de impact en doeltreffendheid van het
radonprogramma op lange termijn mogelijk.

Bouwmaterialen en water. Het verdient aanbeveling om een beoordelingssysteem voor de
trend en de evolutie van radon afkomstig uit bouwmaterialen en drinkwater op te stellen om
zo optimalisatiemaatregelen te kunnen bepalen volgens het ALARA-principe.
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V. CONCLUSIES EN AANBEVELINGEN

Naar verluidt is in Europa de omgevingslucht de oorzaak van twee derde van de totale ziektelast
(ZL) als gevolg van blootstelling aan het binnenmilieu (Jantunen et al., 2011). Het resterende deel
van de ZL als gevolg van blootstelling aan het binnenmilieu is te wijten aan verwarmings- en
verbrandingstoestellen (koken en verwarmen met vaste brandstoffen), watersystemen en
waterlekken. Condensatie en de bodem als bron van radon vormen andere belangrijke bronnen
voor de IAQ-gerelateerde ZL.

Voor een goede IAQ in gebouwen moet er een holistische geintegreerde benadering van 1AQ
worden toegepast, die maatregelen voor broncontrole van chemische en microbiéle
verontreinigende stoffen, preventieve maatregelen voor radon en ook aangepaste en efficiénte
ventilatie van gebouwen en strategieén voor gedragaanpassing van de bewoners omvat. Uit
ervaring is gebleken dat de blootstelling aan verontreinigende stoffen van de binnenlucht
(chemische verontreinigende stoffen, microbiéle verontreinigende stoffen en radon) doorgaans
toeneemt als de ventilatie van gebouwen niet goed is afgesteld of slecht werkt. Daarom verdient
het aanbeveling om IAQ te integreren in de energie-efficiéntie- en ventilatievereisten
en -procedures van de richtlijn betreffende de energieprestatie van gebouwen (EPDB). Voorts is
er een aanzienlijke behoefte aan een grondigere integratie van IAQ in beoordelingsprogramma’s
voor groene gebouwen (BREEAM, LEED enz.). Recente gegevens benadrukken het belang van
een gezonde IAQ in energie-efficiénte woningen, na energie-efficiénte renovaties, bij gebruik van
nieuwe (duurzame) bouwmaterialen of bij aanpassing van de luchtdichtheid of mechanische
ventilatie van het gebouw.

Complexe mengsels van chemische stoffen in het binnenmilieu zijn te wijten aan grote
kwalitatieve en kwantitatieve verschillen in de afgifte van de bronnen van contaminatie van het
binnenmilieu en hun potentiéle gevolgen voor de gezondheid. Een diepgaandere analyse van de
vorming van secundairereactieproducten en van de cumulatieve gevolgen die voortvloeien uit de
gecombineerde blootstelling aan verschillende stoffen (bv. groepering van stoffen die
dezelfde/vergelijkbare gevolgen veroorzaken) is nodig om het huidige inzicht in de gezondheid en
het comfort binnenshuis van de bewoners te vergroten. Er moet in het bijzonder aandacht worden
besteed aan stoffen met een verschillend maar complementair werkingsmechanisme voor het
uitlokken van bepaalde gevolgen voor de gezondheid, zoals mutagene agentia die kanker kunnen
uitliokken en agentia die tumoren stimuleren. Wat de chemische verontreinigende stoffen betreft,
moeten er zoveel mogelijk producten met lage emissie worden gebruikt. Bovendien is het
aangeraden om regelmatig de lijsten van prioritaire stoffen aan te passen in verband met nieuwe
chemische stoffen die zijn aangetroffen bij het testen van productemissies. Zo bevat de Belgische
prioritaire lijst geen stoffen zoals vlamvertragers of ftalaten (SVOS, vermoedelijke
hormoonontregelaars) en voor bepaalde stoffen op de lijst van prioritaire stoffen (bv. ammoniak) is
er dringend nood aan de ontwikkeling/optimalisatie van een referentietestmethode. Voorts moet er
rekening worden gehouden met het aspect van de chemische eigenschappen van de
binnenlucht bij de chemische typering van de binnenlucht en de emissietests. Bijgevolg moet er
meer onderzoek gebeuren naar hoe materialen/producten worden beoordeeld voor
labelling/certificering met betrekking tot hun gedrag in een echt binnenmilieu waar secundaire
emissies plaatsvinden naast de primaire emissies. Er dienen nieuwe steekproeftools, -methodes
en -analysetechnieken die geschikt zijn voor steekproeven binnenshuis voor nieuwe en
opkomende verontreinigende stoffen te worden ontwikkeld en/of geoptimaliseerd.

Er is behoefte aan harmonisatie van steekproefstrategieén, analysemethodes en
dataverwerkingsstrategieén. Voor microbiéle en chemische verontreinigende stoffen werd
besloten dat er een consensuskader moet worden vastgelegd dat rekening houdt met de grote
variéteit aan steekproefstrategieén, -analysemethodes en -tools, en gegevensbeoordelingstools op
het vlak van gezondheidsrisico's, accuraatheid en representativiteit. De wetgeving voor
microbiologische verontreinigende stoffen moet worden herzien en verduidelijkt op basis van een
methodologische consensus.
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Er moet een speciale IAQ-werkgroep op nationaal niveau komen, die vervolgens zou leiden tot de
identificatie van aspecten die wettelijk bepaald moeten worden. De harmonisatie van strategieén
voor geschikte tools voor brontoewijzing voor |AQ-beoordelingen bij binnenmilieus die
gezondheidsklachten veroorzaken (brontoewijzing) en gezondheidsklachtenvrije binnenmilieus zal
resulteren in een gerichtere anticipatie op bronnen en de gezondheid van de bewoners. Nationale
IAQ-gegevens zijn vergelijkbaar en toepasbaar op grotere schaal als ze gebaseerd zijn op
geharmoniseerde (referentie)steekproef- en analysemethodes en -strategieén. Zo zal harmonisatie
de validiteit en het gebruik van een referentiedatabase voor IAQ en bronnen van
binnenhuisvervuiling verhogen.

Met het oog op de vrij grote blootstelling aan radon van de Belgische bevolking en het bewezen
verband met de incidentie van longkanker, bestaat de doelstelling op lange termijn erin om de
blootstelling aan radon te verlagen. Voor het zuiden van het land kan dat via initiatieven om radon
te voorkomen in nieuwe gebouwen en via metingen en verlagingen van de niveaus in bestaande
gebouwen. Om extra toename van de blootstelling aan radon te vermijden, moet de radioactiviteit
van bouwmaterialen nauwlettend in het oog worden gehouden en moet in het ontwerp van
energiezuinige gebouwen rekening worden gehouden met radon (aangepaste ventilatienormen,
vermijding van direct contact met bodem/lucht enz.). Voor het noorden van Belgié zal dat leiden tot
het behoud van het huidige blootstellingsniveau.

Het verdient aanbeveling om een grootschalige referentiedatabase voor IAQ in Belgié op te
stellen die representatief is voor binnenmilieus en bronnen van binnenhuisvervuiling in Belgié en
geschikt is voor datamining. In die database moeten dan verschillende binnenmilieus,
(toekomstige) prioritaire stoffen (chemische stoffen, radon en microbiologische verontreinigende
stoffen) en ook emissiegegevens voor alle soorten producten die binnenshuis worden gebruikt
opgenomen worden. De database zal een beoordeling van blootstellingstrends over een langere
periode mogelijk maken en gegevens verschaffen voor de evaluatie van (beleids)maatregelen
voor preventie en verlaging van de blootstelling in het binnenmilieu en voor een verkennende
studie naar de socio-economische kosten van de binnenluchtkwaliteit, om zo tot een preciezere
berekening van de DALY’s te komen. Dat zou een regelmatige update van de risicokartering voor
radon en een meet- en evaluatietool voor de impact en doeltreffendheid van het radonprogramma
op lange termijn mogelijk maken. Voor andere chemische stoffen kunnen meer data op
baselineniveau van verontreinigende stoffen van de binnenlucht die onlangs als prioritaire stof zijn
gekenmerkt (bv. gebaseerd op gegevens over productemissie) of opkomende verontreinigende
stoffen resulteren in een accuratere beoordeling van het gezondheidsrisico en de bepaling van
geschikte preventieve acties. Voor preventiedoeleinden zal het opstellen van een follow-up op
lange termijn van IAQ in een representatieve woningvoorraad bijdragen tot de kwantificering
van de impact van bouwtrends en het gedrag van bewoners op IAQ en toelaten om de werking van
geschikte datamanagementtools te tonen.

Er is behoefte aan een grondige validatie en communicatie van saneringsmaatregelen voor
zowel chemische als microbiologische verontreinigende stoffen. Voor microbiéle sanering dienen
er specificaties te worden opgesteld, rekening houdend met de geassocieerde risico's van
verschillende saneringstypes. Voor radonpreventie is het aanbevolen om bouwvoorschriften op te
stellen op elk wettelijk bevoegdheidsniveau. Een stapsgewijze benadering voor de bescherming
van bewoners verdient aanbeveling, afhankelijk van het risiconiveau van de bouwzone, met
verhoogde bescherming in de zones met een grote kans op radon. Een systeem dat voorziet in
financiéle steun voor verlaging van de radonniveaus zou een gunstig effect kunnen hebben. Ook
voor blootstelling aan chemische agentia binnenshuis is er behoefte aan duidelijke communicatie
over de doeltreffendheid van verschillende saneringsmaatregelen.
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De beoordeling van gezondheidskundige streefconcentraties voor zorgwekkende chemische
en microbiéle verontreinigende stoffen van de binnenlucht moet geharmoniseerd worden. Voor
via de lucht verspreide concentraties van schimmel of schimmelsporen ontbreken er
drempelwaarden. Voorts dient er bij de beoordeling van blootstelling aan chemische stoffen in het
binnenmilieu rekening gehouden te worden met een groter aantal uitgestoten stoffen, wat verder
strekt dan emissies van bouwmaterialen en dan het bereik van de WGO. Bovendien zal een
uitgebreide en geharmoniseerde lijst van gezondheidskundige referentiewaarden, met inbegrip van
opkomende verontreinigende stoffen, zorgen voor een accuratere beoordeling van de gevolgen
voor de gezondheid van IAQ. Momenteel bestaat dit werk uit een 'lappendeken' van RW met
verschillend gebruik van beoordelingsfactoren.
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Annex 2.

In Fungal contamination in public buildings: a guide to recognition and management, Ontario, 1995

p. 59/60: Indoor Air Quality in Office Buildings: A Technical Guide, Health Canada, 1993
5.2.8.4 Interpretation of Results.

Since 1989, the ACGIH Bioaerosols Committee has recommended rank order assessment as a
means of interpreting air sampling data. This interpretation has been part of the practice in
Government of Canada investigations since 1986.

The presence of one or more species of fungi indoors, but not outdoors, suggests the presence of
an amplifier in the building. Species identification is critical to the analysis. Because of the problems
noted above, numerical guidelines cannot be used as the primary determinant of whether there is
a problem. However, numerical data are useful under defined circumstances. Information from a
large data set obtained by experienced individuals using the same instrument has practical value.
Investigations of more than 50 federal government buildings over several years has resulted in the
creation of such a data set. Fungal data from about 600 samples taken between 1986 and 1991
with a Reuter centrifugal sampler with a 4-minute sampling time have been used to prepare the
interpretation notes shown below. Data acquired with other samplers require similar analysis.
However, if a 4-minute sampling time is used, the numerical data from any proprietary sampler will
probably be comparable.

1. Significant numbers of certain pathogenic fungi should not be present in indoor air (e.g.,
Aspergillus fumigatus, Histoplasma, and Cryptococcus). Bird or bat droppings in air intakes,
ducts or rooms should be assumed to contain these pathogens. Action should be taken
accordingly. Some of these species cannot be measured by air sampling techniques.

2. The persistent presence of significant numbers of toxigenic fungi (e.g., Stachybotrys atra,
toxigenic Aspergillus, Penicillium, and Fusarium species) indicates that further investigation
and action should be taken accordingly.

3. The confirmed presence of one or more fungal species occurring as a significant percentage
of a sample in indoor air samples and not similarly present in concurrent outdoor samples
is evidence of a fungal amplifier.

4. The “normal” air mycoflora is qualitatively similar and quantitatively lower than that of
outdoor air. In federal government buildings, the 3-year average has been approximately
40 CFU/m? for Cladosporium, Alternaria, and non-sporulating basidiomycetes.

5. More than 50 CFU/m3 may be reason for concern if there is only one species other than
Cladosporium or Alternaria present. Further investigation is necessary.

6. Upto 150 CFU/m3 is acceptable if there is a mixture of species reflective of the outdoor air
spores. Higher counts suggest dirty air filters or other problems.

7. Up to 500 CFU/m3 is acceptable in summer if the species present are primarily
Cladosporium or other tree and leaf fungi. Values higher than this may indicate failure of
the filters or contamination in the building.

8. The significant presence of fungi in humidifiers and diffuser ducts and on mouldy ceiling
tiles and other surfaces requires investigation and remedial action regardless of the airborne
spore load.

9. There are certain kinds of fungal contamination not readily detectable by the methods
discussed in this report. If unexplained SBS (sick building syndrome) symptoms persist,
consideration should be given to collecting dust samples with a vacuum cleaner and having
them analysed for fungal species.
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Over de Hoge Gezondheidsraad (HGR)

De Hoge Gezondheidsraad is een federaal adviesorgaan waarvan de FOD Volksgezondheid,
Veiligheid van de Voedselketen en Leefmilieu het secretariaat verzekert. Hij werd opgericht in 1849
en geeft wetenschappelijke adviezen i.v.m. de volksgezondheid aan de ministers van
Volksgezondheid en van Leefmilieu, aan hun administraties en aan enkele agentschappen. Hij doet
dit op vraag of op eigen initiatief. De HGR probeert het beleid inzake volksgezondheid de weg te
wijzen op basis van de recentste wetenschappelijke kennis.

Naast een intern secretariaat van een 25-tal medewerkers, doet de Raad beroep op een uitgebreid
netwerk van meer dan 500 experten (universiteitsprofessoren, medewerkers van
wetenschappelijke instellingen, praktijkbeoefenaars, enz.), waarvan er 300 tot expert van de Raad
zijn benoemd bij KB; de experts komen in multidisciplinaire werkgroepen samen om de adviezen
uit te werken.

Als officieel orgaan vindt de Hoge Gezondheidsraad het van fundamenteel belang de neutraliteit
en onpartijdigheid te garanderen van de wetenschappelijke adviezen die hij aflevert. Daartoe heeft
hij zich voorzien van een structuur, regels en procedures die toelaten doeltreffend tegemoet te
komen aan deze behoeften bij iedere stap van het tot stand komen van de adviezen. De
sleutelmomenten hierin zijn de voorafgaande analyse van de aanvraag, de aanduiding van de
deskundigen voor de werkgroepen, het instellen van een systeem van beheer van mogelijke
belangenconflicten (gebaseerd op belangenverklaringen, onderzoek van mogelijke
belangenconflicten en een Commissie voor Deontologie) en de uiteindelijke validatie van de
adviezen door het College (eindbeslissingsorgaan van de HGR, samengesteld uit 30 leden van de
pool van benoemde experten). Dit coherent geheel moet toelaten adviezen af te leveren die
gesteund zijn op de hoogst mogelijke beschikbare wetenschappelijke expertise binnen de grootst
mogelijke onpartijdigheid.

Na validatie door het College worden de adviezen overgemaakt aan de aanvrager en aan de
minister van Volksgezondheid en worden ze gepubliceerd op de website (www.hgr-css.be).
Daarnaast wordt een aantal onder hen gecommuniceerd naar de pers en naar bepaalde
doelgroepen (beroepsheoefenaars in de gezondheidssector, universiteiten, politiek,
consumentenorganisaties, enz.).

Indien u op de hoogte wilt blijven van de activiteiten en publicaties van de HGR kunt u een mail
sturen naar info.hgr-css@health.belgium.be.
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