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Executive Summary

Modern European citizens spend on average over @%heir time indoors. Indoor air
originates from outdoors, carrying outdoor air cantinants indoors with varying degrees of
penetration. Also indoor environments contain searof contaminants, which may lead to quite
high exposure levels due to low indoor air excharages.

The combination of the generally higher indoor camtcations and the overwhelming fraction of
time spent indoors results in the overall dominated indoor air in air pollution exposures —
and their respective health consequences - regssdtd whether the sources are indoors or
outdoors. Different pathways from indoor sourcesdl¢éo a broad variety of health outcomes
that are attributable to the indoor environments.

Based on a review of the main important projectsimfoor air related health effects, the
following diseases have been prioritised as beiagsed or aggravated by poor indoor air
quality: Allergic and asthma symptoms; Lung candehronic obstructive pulmonary disease
(COPD); Airborne respiratory infections; Cardiovadar mortality and morbidity; Odour and
irritation (SBS symptoms).

The most widespread and significant indoor polltsaassociated with indoor related diseases
have been identified. Policy options are proposedrder to prevent the onset of indoor related
diseases. Policies should be focused on indoorsexpe to identify, control and eliminate the
indoor sources of pollution.






1. Introduction

Millions of Europeans spend more than 90% of theie indoors: at home, in the office, factory,
school, restaurants, theatres, etc.

The combination of the generally higher indoor antcations and the overwhelming fraction of
time spent indoors results in the overall domimatd indoor air in air pollution exposures and
their respective health consequences. Indoor diutwm may cause or aggravate illnesses,
increase mortality, and have a major economic acdbkimpact.

European citizens want to live longer, healthieran environment of low involuntary risks, and
at an affordable cost. Urban environmental poliglesuld, therefore, manage the determinants
of health as far upstream as possible and imptoveitizens’ quality of life. People are exposed
to a multitude of chemical, physical and biologistiessors in their environment, some of which
are apparently harmless, others of low health 8gamce and some incur significant risks to
health, at least for vulnerable individuals. Humexposure to environmental contaminants
occurs via various pathways (air, water, food,)etnd routes of entry (inhalation, ingestion and
dermal). Exposure via air occurs outdoors and fiiem@int indoor microenvironments; e.g. home,
workplace, transit. Indoor air pollution from diféat sources may cause or aggravate illnesses,
increase mortality, and have major economic andhbkmapacts.
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2. Objectives

The following issues were part of the present study

- to provide a critical review and collection ofudepean (and non-European) research on the
health effects of indoor air relevant contaminants

- to assess the policy relevance of their objestaved conclusions;

- to evaluate the significance of indoor sourceshenonset of asthma and allergy symptoms and
the potential of building envelope and HVAC systenprotect the susceptible individuals.
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3. Materials and methods

The identification of the main health effects wasfprmed by the review of the literature and on
the results of some of the most important Europeah International projects/guidelines dealing
with indoor air quality, including the following search studies/documents:

. ECA reports

In this series the following reports have already ben published.
Report No. 1: Radon in indoor air. EUR 11917 ESB&. *

Report No. 2: Formaldehyde emission from wood-thasaterials: guideline for the determination of
steady state concentrations in test chamber®f E2196 EN, 1989. *

Report No. 3: Indoor pollution by NO2 in Europeanuntries. EUR 12219, EN1989.

Report No. 4: Sick building syndrome - a practguaide. EUR 12294 EN, 1989.

Report No. 6: Strategy for sampling chemical sarsts in indoor air. EUR 12617 EN, 1989.

Report No. 7: Indoor air pollution by formaldehyideEuropean countries. EUR 13216 EN, 1990. *
Report No. 8: Guideline for the characterizatibradatile organic compounds emitted from indoorenials

and products using small test chambers. EUR 1858§3.991.
Report No. 9: Project inventory ™aipdated edition. EUR 13838 EN, 1991.
Report No. 10: Effects of indoor air pollution oarhan health. EUR 14086 EN, 1991.
Report No. 11: Guidelines for ventilation requirersein buildings. EUR 14449 1992, EN.
Report No. 12: Biological particles in indoor emmviments. EUR 14988 EN, 1993.
Report No. 13: Determination of VOCs emitted fraxddor materials and products.
Interlaboratory comparison of small chamber measents. EUR 15054 EN, 1993.
Report No. 14: Sampling strategies for volatileamig compounds (VOCS) in indoor air. EUR 16051 E®94.
Report No. 15: Radon in indoor air. EUR 16123 E®93.
Report No. 16: Determination of VOCs emitted fravddor materials and products:
Second interlaboratoriy comparison of small chanmbeasurements., EUR 16284 EN, 1995.
Report No. 17: Indoor air quality and the use argg in buildings. EUR 16367 EN, 1996.
Report No. 18: Evaluation of VOC emissions fromiding products —solid flooring materials., EUR 123N, 1997
Report No. 19: Total Volatile Organic Compounds QW) in indoor air quality investigations. EUR 176ZH, 1997
Report No. 20: Sensory evaluation of indoor ailigy&EUR 18676 EN, 1999.
Report No. 21: European Interlaboratory Compar@oOCs emitted from building materials and prodpct
EUR 18698 EN, 1999.
Report No. 22: Risk assessment in relation to indoayuality, EUR 19529 EN, 2000.
Report No. 23: Ventilation, Good Indoor Air Qualdaypd Rational Use of Energy, EUR 20741 EN, 2003.

Report No. 24 Harmonisation of indoor material esoiss labelling systems in the EU, Inventory obérg
schemes, EUR 21891 EN, 2005.
Report No. 25: Strategies to determine and cothietontributions of indoor air pollution to totahalation exposure
(STRATEX), EUR 22503 EN, 2006
. INDEX project (Kotzias et al, 2005),

. SCHER opinion on indoor air (SHER, 2007)

. REPORT ON RISK ASSESSMENT ON INDOOR AIR QUALITY (Q0)

It was reported that a number of factors in theoordenvironment can affect well-being and
health. The main factors include: chemicals foemuted use or unintentional emissions from
different sources (formaldehyde, carbon monoxidd#togen dioxide, benzene, lead and
organophosphate pesticides), ETS, radon, particlespbes, humidity, pets and pests.

. THADE project (Franchi et al., 2006),
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. YEARLY DIRECT MEDICAL COSTS OF INDOOR RELATED DISEBES IN
ITALY Italian National Commission “Indoor”, Ministeof Health, (G.U. n. 276, 27/11/2001)

. US National Occupational Research Agenda on Inddork Environments (Mendell et
al, 2002),

For the priority area “Indoor work environment” tteeam identified three types of heath effects
as priorities for increased research, namely:

1. building-influenced communicable respiratory infens, due to occupant sources (e.g.
influenza, common cold, tubercolosis) or buildimyces (Legionnaires’ disease, Pontiac fever,
fungal infections);

2. building-related asthma, hypersensitivity pneumserand allergic diseases;

3. non-specific building-related symptoms (includirmgcalled sick building syndrome).

. WHO working group on indoor air quality guidelingyHO, 2007).

The working group outlined three tasks requirediierguideline development in 2007-2009:
1.To list the specific chemicals for which numeligaidelines can be prepared

2.To assess the biological contamination of indoor

3.To assess the effluents of indoor combustiorolid $uels.
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4. Results

Based on this review the following diseases hawen lpioritised as being caused or aggravated
by poor indoor air quality: allergic and asthma gyoms; lung cancer; chronic obstructive
pulmonary disease (COPD); airborne respiratory cindes; cardiovascular mortality and
morbidity; odour and irritation (SBS symptoms).

4.1 Allergic and asthma symptoms

Respiratory allergies are very common and incrggsiroughout Europe.

They include asthma, allergic diseases and airwagieactivity. The impact of asthma on the
life quality is particularly severe, but also thiaer allergic diseases, like allergic rhinitis stibu
not be viewed as a minor irritation, as can cauewel of discomfort in the patient equivalent to
that of moderate asthma.

Asthma affects between 3% and 8% of the adult @aul in Europe, and the prevalence is
even higher in infants, in particular the ISAAC dyureported that in children of the European
centres involved in the study the prevalence dfraatsymptoms ranged from 2.5 to 37%. For
the period 1995-1996, the International Study ofhAsa and Allergies in Childhood (ISAAC)
found an 11.5% annual average prevalence of satifed asthma symptoms in children aged
13-14 years Europe-wide. The rate ranges from 24664n Albania, Romania, Georgia, Greece
and the Russian Federation to 29.1-32.2% in Iredembdthe United Kingdom (Beasley, 2000).
Asthma places a high burden on the health caremgsin many European nations. In the UK
and Republic of Ireland, there are over 4 milliaommary health care consultations for asthma
each year. In the Netherlands it has been estihth&t the annual direct medical cost per person
with asthma is about US$500, while in Switzerlahdré are over 40,000 hospitalizations for
asthma annually, representing the largest categbrgirect medical expenses related to the
disease.

In 2004, the Fourth Ministerial Conference on Eonment and Health adopted the Children’s
Health and Environment Action Plan for Europe, viahiccludes four regional priority goals to
reduce the burden of environment-related diseaseshildren (CEHAPE). One of the goals
(Regional Priority Goal, RPG lll) aims to prevemareduce respiratory diseases due to outdoor
and indoor air pollution, thereby contributing toreduction in the frequency of asthmatic
attacks, and to ensure that children can live irranronment with clean air.

Allergic diseases are supposed to be caused bymgler interaction between genetic and
environmental exposures. Asthmatic patients aresitpem to allergens present in indoor
environments and are often hyperreactive to a nuwibgasses and particles.

The different types of key exposure agents of tluwor environment that may have a role in
development of allergy and asthma include microdal chemical agents.

Microbial agents — They include endotoxin of Gram negative bactefimgal spores and
fragments, bacterial cells, spores and fragmenitobiial metabolites and allergens like house
dust mites, pet allergens and fungal allergensk@nl et al, 1998). The evidence for a causal
link between dampness and “mold” and risk of afjeagd asthma is strong, but the causal links
are yet to be documented. The presence of dampreeases the onset of asthma as well.
Chemicals- Chemicals that may play an important role iggering asthma symptoms include
in particular formaldehyde; aromatic and aliphatiemical compounds, phthalates or plastic
materials and indoor chemistry products resultimgnf ozonolysis of terpenes may also play a
role, but the evidence is more limited (ECA, 2008).
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Particles - ETS and Indoor ultrafine particulate matter méypmn important role in triggering
asthma symptoms (Strachan, 2000), as well as wooid emoke, soot, or exhaust.

4.1.1 Conclusions as to policy making

Asthma, allergy and airway hyperreactivity are @aging throughout.

Indoor allergen exposure is recognized as beingrtbst important risk factor for asthma in
children, in particular for sensitisation duringtfirst years of life. The indoor environment in
general can give symptoms of a non-specific natuhggh is called ‘sick-building syndrome’.
Different studies have shown that dwellings andsthfrequently have severe indoor problems
because of poor building construction and mainteeapoor cleaning and poor ventilation; in
addition, high levels of VOCs, allergens and meyldumidity) have often been found.

The following measures should be promoted and adopt

- avoidance of environmental tobacco smoke;

- avoidance of moisture/moulds in the building;

- avoidance of allergen sources;

- adequate cleaning and maintenance, practical shapitme interior to facilitate cleaning and
maintenance;

- good control of the maintenance of heating and ilioin to ensure a satisfactory
temperature and ventilation in the classroom;

- adequate periodical monitoring of the IAQ paranster

- appropriate training of students, teachers and ddclstaff who are responsible for
management, maintenance and cleaning.

4.2 Lung cancer

In the EU lung cancer is the most common causeatidfrom cancer.

It is estimated that in 2006 about 20% of all cardsaths in the EU in 2006 were due to lung
cancer, that 236,000 lung cancer deaths occurredagFet al, 2007). About 375,000 new cases
of lung cancer occur every year.

The majority of the case are due to active smoKkuga not negligible proportion of the disease
also occurs in persons who have never smoked. #&laildata in the literature indicate the role
of the following indoor pollutants:

Radon - Radon is considered to be the second causengfdancer. From the pooling of 13
residential radon epidemiological studies in 9 Eurdries it has been estimated that about 9%
of lung cancer deaths may be due to radon expasuhe home (Mc Laughlin and Bochicchio,
2007).

Indoor pollutants

Environmental Tobacco Smoke (ETS) ETS has been classified as a Group 1 carcinbgen
IARC. Studies conducted in the ‘90s have elucidéedrelationship between exposure to ETS
from spouse and lung cancer risk and relative r(848) have been provided, resulting in 1.36
for men and 1.22 for women. A recent study (Quatiti¢ Estimation of Lung Cancer Deaths
Attributable to Passive Smoking Exposure in Eurdpd)cated a total of 916 (54-1928) lung
cancer cases due to exposure from spouse wereagstirior males and 2,449 (1,424-3,357) for
females. These figures correspond to an attribetplbdportion of 0.5% in males and 4.6% in
females. The largest burden of attributable caset/al from Western and Southern Europe
(Porta, 2008).

The proportion of lung cancer cases attributabl€&ET® is about 0.5 in males and 4.6% in
females (Boffetta et al 1998; Hackshaw et al, 1997)

Combustion particles The initial suggestion that lung cancer incidenueeases due to long-
term exposure, low-level exposure to PM was pravidy the Harvard Six Cities study
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(Dockery, 1993). These findings were confirmed he tong-term follow-up of the American
Cancer Society, consisting of ~500,000 adults froetropolitan areas throughout the USA.
Results indicated that eachpfdm’ elevation in PM2.5 was associated with approxilgate
14% increase in lung cancer mortality. Evidencenserging that long-term exposure to low
concentration of PM is associated with mortality.

European studies of PM exposure and lung cancenatoshow a clear association, but
uncertainties remain for the measurement of exjgoand latency (Gallus et al, 2008).The main
problem affecting these type of studies is reprieskhy exposure assessment and its consequent
role in cancer development. The presence of adgtafier exposure in the onset of cancer also
represents an element to be accounted for in thay stesign. Further observations are hence
required to corroborate the hypothesis of an irsgdaisk of lung cancer.

As to diesel exhaust exposure, there is evidenae ithmay pose a risk as to lung cancer
development.

Exposure to cooking oil vapours and indoor coahing has been shown to be associated with
an increased risk of lung cancer.

4.2.1Conclusions asto policy making

In Europe, to reduce ETS exposure, legislative smes (smoking ban or restriction in
workplaces or public places) have been adopted wostntountries, but no legislative
interventions can be made for home or other priradeor environments, besides information
campaigns for the public on both health effectsnoipor pollution and maintenance of a healthy
indoor environment (to avoid smoking at home, usahganing products that do not emit
polluting substances, to ensure adequate ventilagitt.). The public-at-large is more conscious
of the negative effects of bad outdoor than indooguality.

As to PM, exposure threshold levels are not yetifipally stated for indoor air. The American
Society of Heating, Refrigerating, and Air-conditiog Engineers (ASHRAE) has adopted, for
indoor air, the outdoor limits of the US-EnvironnenProtection Agency - National Ambient
Air Quality Standards (US-EPA-NAAQS), as concern 1gNL50 pg/m*/24h). This value is
higher than the corresponding limit for outdoor gurality reported by WHO (2000), that is 50
Hg/m*24 h. There are no indoor standards for,BMVHO suggests, for outdoors, R§/m*/24

h and 1Qug/m*/1 year respectively (WHO, 2000).

Radon: The most common residential radon referénead being used in EU countries is 200
Bg/m®. This reference level is a recommended value amubt a mandatory regulatory level
unlike an Action Level such as 400 or 500 Bijfor radon in workplaces set by some Member
States in their implementation of the EU Basic Sa8tandards Directive (UNSCEAR, 2000).
WHO Air Quality Guidelines for Europe also suggestt building codes should include sections
to ensure that radon daughter levels do not exd®8dBg/n? EER (Equilibrium Equivalent
Radon concentration) which is similar to a radoncemtration of about 200 Bg#m

Cost-effective measures and technology to improdeadr air quality, available guidelines and
legislation on indoor air pollution in Europe, apdtential action al EU and national levels are
well resumed in the report of The Towards Healthy iA Dwellings in Europe (THADE)
(http://www.efanet.org/activities/publications).

Indoor risk factors are modifiable through improveentilation, moisture control to prevent
accumulation of moulds, control of the sources afypion, e.g., tobacco smoke (avoidance of
smoking indoors), combustion appliances, consumytts.

As to indoor generated particulate matter, measumetide the control of the source,
improvement of ventilation, better cleaning and $ing hygiene and avoiding of carpets. The
use of vacuum cleaners and central vacuum cleaysigms should be encouraged, along with
the development of performance criteria for vacutleaners, the cleaning after or before the
operation hours of the schools and offices shoaldrxouraged.
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Strategies for radon exposure avoidance may bealativinto the following three principal
categories:

(1) Identification of houses with high radon levatsl the remediation of these houses.

(2) Reduction of the average indoor radon level aountry.

(3) Coupling radon reduction strategies with natlorstrategies aimed at reducing the
consumption of cigarettes.

4.3 Chronic obstructive pulmonary disease (COPD)

COPD is “a preventable and treatable disease cta®cterised by airflow limitation that is not
fully reversible. The airflow limitation is usuallgrogressive and associated with an abnormal
inflammatory response of the lungs to noxious pkesi or gases, primarily caused by cigarette
smoking. It also produces significant systemic egpences” (Celli, 2004).

COPD is a chronic respiratory disorder responditriea major burden to the society worldwide.
Currently, approximate estimates indicate COPDhasfifth leading cause of global morbidity.
WHO predicts that COPD will become the third legditause of death worldwide by 2020
(Annesi-Maesano et al, 2006; de Marco et al, 200RA0, 2004).

Variable definitions and lung function criteria f@OPD have made it difficult to quantify the
prevalence of the disease around the world; intmaglia large proportion of patients with
COPD in the community remain undiagnosed.

A recent summary of the world literature on COPBvatence and the European Lung White
Book (ERS, 2003) reports the prevalence of clitycadlevant COPD varying in Europe from 4
to 10% of the adult population.

Active smoking is the most important risk factor €@OPD. It has been estimated that about 70%
of COPD related mortality is attributable to cigsgesmoking.

Although most COPD cases are current or former smspka not negligible proportion of the
disease also occurs in persons who have never sinttke prevalence of COPD in never-
smoker people in studies performed in differentdpean countries varied from 4 to 20%.

Other risk factors than smoking may play an impdrtale in pathogenesis and development of
chronic bronchitis and COPD.

In general, we found that few studies investigabedassociation of non-smoking related COPD
with indoor air exposure. Most studies assesseddlaionship between COPD and specific
occupational exposure, or the health effects of EXj®sure.

ETS exposure may increase the frequency of respjratymptoms in adults, and that these
effects are estimated to be 30-60% higher in ET@®&ad compared to unexposed nonsmokers.
Significant relations between ETS exposure and C@eielopment have been found in the
elderly, too, with an OR range of 1.68-5.63 (Jakkd?002). The results of the reviewed
epidemiological studies underline the relevance poéventative policy to reduce indoor
environmental risk factors for respiratory diseades instance, as indicated by PAR%, the
elimination of home/work ETS exposure would abae risk for COPD of about 12% (9% for
chronic cough/phlegm) in Italian never smoking wong8imoni, 2007). A study performed in
the USA found that, by eliminating work exposureges/vapors/fumes/dusts, the incidence of
COPD would be reduced of 30% (WHO, 2000).

Biomass combustion was widely investigated as faskor for COPD, in developing countries.
Few studies evaluated the effects by directly meagulevels of pollutants. Information on such
exposure has been more likely collected by interwiéth questions on the presence of known
sources of indoor pollution. Through an extensexaw of epidemiological studies around the
world, the estimation of the risk by biomass use @®PD results in ORs of 1.8 (1.0-2.8) in
males and 3.2 (2.3-4.8) in females (Smith, 2002).

Particles from outdoor pollution are also invokadpassible risk factors of COPD.
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There is evidence that long-term exposure to mdaldpness is linked to higher risk for cough,
phlegm, or dyspnoea, in adults (Alipour et al, 2006 Hartog et al, 2005; Gea, 2006; Simoni et
al, 2007).

4.3.1 Conclusions as to policy making

Unfortunately, studies on the relation between CQPBDother respiratory diseases) risk and
directly measured concentration of indoor pollusardre still poor. Thus, some exposure
threshold levels are not yet stated for indoorspgcifically.

The American Society of Heating, Refrigerating, akidconditioning Engineers (ASHRAE)
has adopted, for indoor air, the outdoor limitstisé US-Environmental Protection Agency -
National Ambient Air Quality Standards (US-EPA-NASY as concern PM (150ug/m*/24h) ,
NO, (100pg/m*1 year), and CO (35 ppm/1 h, 9 ppm/8 h).

These values are higher than corresponding linaitsofitdoor air quality reported by WHO
(2000), that are 5Qg/m*/24 h for PMg, 40 ug/m/1 year for NQ , and 25 ppm/1 h for CO.
There are no indoor standards for RMWHO suggests, for outdoors, 2%/m*/24 h and 10
ng/m’/1 year respectively (WHO, 2000). As regards tepttommon indoor pollutants, such as
formaldehyde or moulds, ASHRAE reports specificoad standards (100 mg#80 min and
150 CFU/ni - Colony Forming Units — for formaldheyde and nusylrespectively).

Reduction of indoor air pollution requires a condtion of public health policy and protective
measures taken at individual levels. The actioasdhn be taken at political and industrial levels
are the elimination of sources of pollution, whepsgible, and substitution of materials and
equipment that are sources of pollution, with memegironmental-friendly materials.

Indoor risk factors are modifiable through improveentilation, moisture control to prevent
accumulation of moulds, control of the sources afytion, e.g., tobacco smoke (avoidance of
smoking indoors), combustion appliances, consunmetytts.

In Europe, to reduce ETS exposure, legislative smes (smoking ban or restriction in
workplaces or public places) have been adopted wostntountries, but no legislative
interventions can be made for home or other priwaeor environments, besides information
campaigns for the public on both health effectsnoipor pollution and maintenance of a healthy
indoor environment (to avoid smoking at home, usahganing products that do not emit
polluting substances, to ensure adequate venhlagitzc.). The public-at-large is more conscious
of the negative effects of bad outdoor than indooguality.

4.4 Airborne respiratory infections

Microbiological contamination of indoor environmeist common and can evoke infectious
diseases, especially in susceptible people.

Most common route of transmission is airborne, @et® person or from a source, in particular
from aquatic systems like air conditioning systewgporative condensers, humidifiers.

The infection diseases include both well-known atifins like Legionnaire's disease (the
incidence of Legionnaire's disease increased fré® &ses in 2000 to 765 cases in 2005),
tubercolosis, flu;and new threats like Severe amegpiratory syndrome (SARS).

Legionellosis is a respiratory disease caused layelda Legionellae. Most frequently human
disease Legionnaire's diseaisecaused by L. pneumophila. Case-fatality rate banhigh
especially among elderly and immunocompromisedviddals. Legionella is an organism that
resides in the environment in pools of stagnantwad?lost common route of transmission is
airborne. Person to person spread does not ocharregervoirs are aquatic systems like cooling
towers, evaporative condensers, humidifiers, déeerdountains etc. Outbreaks of pneumonia
have been associated with contamination of watelirap towers in large buildings, with spread
of the bacteria mostly through air conditioningteyss. Nowadays the new threat comes from
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tap water during shower or aerosolization the tapew e.g. by spraying etc., so it could be a
severe problem of hospital environment.

Chronic pulmonarytuberculosis caused byMycobacterium tuberculosis is still, despite of the
vaccination, severe threat. Over one-third of tleeldis population now has the TB bacterium in
their bodies and new infections are occurring edta of one per second. Not everyone who is
infected develops the disease and asymptomatiaitlai® infection is most common. In
developed countries is the prevalence low but imynaf them the number of cases is slowly
growing up in last years. Unfortunately the peragetof resistant chains of mycobacterium is
increasing and also those of atypical tuberculegmsch are very often multiresistant, too.

The symptoms of the airborne infectious diseases ba aggravated by exposure to
environmental tobacco smoke and combustion pasticle

4.4.1 Conclusions as to policy making

1. To avoid overcrowded spaces if possibésp. in schools, health care facilities, etc.

Main source of infectious agents in indoor enviremiare people. From that point of view is
difficult to regulate source, it is not possiblenave any threshold limit. But indoor environment
plays important role in transmission of infectiagents — ventilation, air-conditioning, water or
sewage ducts can transmit several infectious agentther long distances. Also overcrowded
spaces increase risk of transmission of the irdastagents.

2. To guarantee the minimum air exchange raten the buildings where people have to stay.
The process of person- to- person transmissiondcand must be regulate especially in
buildings where children and young people are cotnated, also in health-care facilities. For
such buildings is suitable to use the minimal aitkeinge rate per person as a sort of regulation
of infections agents concentration. To achieve mweasair exchange is necessary to have either
air condition systems or mechanical ventilationterys in all such buildings. Using natural
ventilation is mostly subjective measure and daguiarantee the minimum air exchange
especially in cities.

3. To guarantee safe water & air(limits for microbiological contamination).

Also secondary source (water, dust) can play ingmbrtole even in other type of infections
(alimentary — e.g. water-born cholera or some wsusausing alimentary problems). This
transmission is possible to regulate also durirg tlansmission process (limits of infection
agents for drinking water, air-condition systemshaut water stagnation, priority of cleaning
procedures of air ducts especially in health caetres and facilities for children & young
people). As to Legionellosis, prophylactic measuimetide regular cleaning and maintenance of
different water systems.

4. To achieve even better quality of the environmeénn health care facilities (more strict
limits than for the other buildings).

There are several other facultative or obligatoayhpgens with low effect for healthy people
who spent their time either in well-maintained inde@nvironment or mostly outdoors; these
agents could be harm for immunocompromised people.

One can assume that if we will be able protectelues against these threats, probably we will
be successful also in other battles against irdastdisease, either those we know or any new
still unknown.

4.5 Cardiovascular morbidity and mortality

Cardiovascular disease (CVD) is the leading cads#eath in the industrialized world: CVD
accounts for over 4.35 million deaths (49% of &iath) each year in Europe and over 1.9 million
deaths (42%) in the European Union (EU).

Causes of CVD include:
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Secondhand smoke Reviews summarizing the epidemiological studiesualibe association
between ETS and increase risk for CVD concludetttieestimate risk for CVD related to ETS
is about 25-30 (He et al, 1999).

Particles - Evidence is emerging that exposure to low cotraéon of PM is associated with
cardiovascular mortality. Several studies have sheame link between outdoor PM and gases
exposure and cardiovascular disease mortality aothidtity (Rich et al, 2005).

Short-term effects of PM10 exposure include angase in the overall cardiovascular mortality.
Long-term exposure to PM2.5 has been demonstratedbet independently related to
cardiovascular mortality in general, and in patacuo mortality for ischemic heart disease,
arrhythmia, heart failure and cardiac arrest. Gurexvidences suggest a link between exposure
to indoor PM and cardiovascular diseases onsetetemmore research is needed. Also there is
a need to identify the role of the ultrafine fracti

Elevations in air pollution have also been assediatith increased blood pressure.

Current evidences suggest a possible link betwepnseire to indoor PM and cardiovascular
diseases onset, however more research is needsathre is a need to identify the role of the
ultrafine fraction.

Carbon monoxide -At CO levels typically encountered in indoor envineents, health effects
are most likely to occur in individuals who are plojogically stressed, either by exercise or by
medical conditions that can make them more suddept low levels of CO. Subpopulations at
increased risk of adverse effects include: indiglduwith cardiovascular diseases, pregnant
women also with respect to fetal exposure, childseibjects with chronic obstructive pulmonary
disease, individuals with reduced blood haemoglabimcentrations (Raub, 2002).

Gaseous pollutants -Epidemiological evidences of cardiovascular effeatsNO, exposure
proceeds form studies on outdoor air pollution. &bwer, it is very difficult to differentiate the
effects of nitrogen dioxide from those of otherlptants in epidemiological studies.

Literature about cardiovascular effects of SO2 asrpand it prevalently includes studies on
outdoor air pollution health effects.

4.5.1 Conclusions as to policy making

PM - Exposure threshold levels are not yet spedlficstated for indoor air. The American
Society of Heating, Refrigerating, and Air-conditiog Engineers (ASHRAE) has adopted, for
indoor air, the outdoor limits of the US-EnvironntenProtection Agency - National Ambient
Air Quality Standards (US-EPA-NAAQS), as concern EM150 ug/m3/24h). This value is
higher than the corresponding limit for outdoor @urality reported by WHO (2000), that is 50
ng/m*24 h. There are no indoor standards for PM2.5. Wid@gests, for outdoors, p§/m®/24

h and 1Qug/m®/1 year respectively (WHO, 2000).

ETS - The adverse effects of exposure to enviromaheilwbacco smoking (ETS) are well
established ETS exposure occurs in private houdshakork and public places. Several
countries have enacted legislation that prohibm®lgng in work and public places, but the
interest towards policies to address exposure uséloolds is more limited.

As to indoor generated particulate matter, measumetide the control of the source,
improvement of ventilation, better cleaning and $ing hygiene and avoiding of carpets. The
use of vacuum cleaners and central vacuum cleayisigms should be encouraged, along with
the development of performance criteria for vacutleaners, the cleaning after or before the
operation hours of the schools and offices shoaldrcouraged.

Carbon monoxide - On the basis of human clinicah,de protect non smoking, middle-aged
and elderly population groups with documented ¢eriacoronary artery disease from acute
ischaemic heart attacks and to protect the fetw§eson-smoking pregnant women from
untoward hypoxic effects, a COHb level of 2.5% dhwat be exceeded. Not to exceed a COHb
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level of 2.5% the following guideline values andipé of time-weghted average exposures have
been determined:

. 100 mg/ni (90 ppm) for 15 min

. 60 mg/nt (50 ppm) for 30 min

. 30 mg/nt (25 ppm) for 1 hour

. 10 mg/nt (10 ppm) for 8 hours

As to CO, the main measure to be adopted to re@@devels is controlling the source of
exposure. Management options include: connectirgpy @mbustion equipment/appliance to
chimney or vented hood, ensuring sufficient locdtact ventilation in kitchens with gas stove,
mandatory inspection and maintenance of indoor emtitn devices, and CO alarms.

Following general recommendations are also sugdeste

« Restrict tobacco smoking in all indoor spaces;

* Restrict the construction of attached garagesadate them from living and working spaces;

» Ensure that ventilation dilutes predictable indemissions below the guideline levels;

* Raise public awareness about indoor air risks.

Gaseous pollutants - As to nitrogen dioxide a 1rlguideline of 20Qug/m® is proposed (WHO).
As to ozone, the fisrt edistion of Air Quality Gelthes for Europe recommended a 1-hour
guideline value of 150-200g/m".

As to NOx, preventives measures to be adopteddecthe control of the source, improvement
of ventilation; the use of electrical kitchen appites should be encouraged, while the use of
unvented heating appliances should be avoided.

4.6 Odour and irritations (SBS symptoms)

Indoor air pollutants can often cause unspeciffea$. A multitude of biological mechanisms
are involved at the same time in the responses uhipie exposures indoors and only few
objective measurements are available (Berglung,et9®2; Chao et al, 2003; Dalton, 1999;
Fanger, 2006).

The most frequent effects include acute physioklgior sensory reactions, psychological
reactions, and sub-acute changes in sensitivitgrneironmental exposures. The term Sick
Building Syndrome (SBS) is used to describe casewhich building occupants experience
acute symptoms and discomfort that are apparentted to the time they spend in the building,
but for which no specific illness or cause can $&gned (Fang et al, 2004).

Many different symptoms have been associated wils,Sncluding respiratory complaints,
irritation, and fatigue.

Sensory perception of odours and mucous irritaléaud to perception of poor air quality and
possible risks thereof and consequently to stredsebavioural responses (opening a window,
leaving the building). Other environmental stress@uch as noise, vibration, crowding,
ergonomic stressors and inadequate lighting caduge symptoms that are similar to those of
poor air quality.

Recent studies have also shown negative effecttAQf on office productivity and school
learning (Seppanen et Fisk, 2004; Wargocki etGD02.

The fraction of the incidence/prevalence of repoftsliscomfort and symptoms which can be
related to indoor air quality is not exactly knowHowever, in buildings without specific
complaints of poor IAQ the prevalence is often elés zero and normally below 30% of the
occupants. In affected buildings the prevalencemoftanges between 50 and 100% of the
occupants.

The relevant indoor air pollutants that can causese effects are those which alone or in
combination can stimulate our senses or causeetisisanges, and include in particular volatile
organic compounds, viable or non-viable aerosot$ farticulate matter. The risk factors also

22



include technical causes such as ventilation, hitynéahd temperature.

4.6.1 Conclusions as to policy making

Fromthe previous chapters it appears that indoor dlugamts cause unspecific effects and that
these do not unambiguously identify the exposuraniititude of biological mechanisms are
involved at the same time in the responses to pielexposures indoors and only few objective
measurements are available. Some types of resparesesnot be replaced by objective
measurements and often the effects and exposumotcde quantified. Added to this, the
resulting subjective reports are affected by bras r@sponse modifiers. It follows that traditional
toxicological procedures for the establishment ofdglines seem difficult to use for these
subjective responses and evaluations and ratiomafeptive actions therefore must take into
account the level of toxicological knowledge avaléafor different polluting agents and their
health effects.From this it follows, that if IAQ igelines are to be established based on
subjective perceptions or symptoms reports thrpestyf D-R relations must be considered and
consequently also three types of guidelines. Tlaeseperceptions and symptoms with known
causality, based on quantifiable effects and ex@ssisymptoms with unknown causality, and
suggested or hypothetical causalities waiting tothfer investigations before rational decisions
can be made. Because of the ill-defined causdhigk of quantifiable effects and exposure
measurements etc. no strict traditional guidelicees be established. However, the importance of
such complaints is well documented and guidancepmenendations, labelling systems, and
emission control in these cases become the prdfdoel of prevention. These less strict
guidelines are acceptable only for discomfort a6 Stc. and only if possible averse health
effects can be excluded e.g. because all relevgmiseires are under guideline regulation as
mentioned above. In any case an ALARA principleutidbe followed. Also the combined
effects of cocktail exposures are unsolved botlergdically and administratively. Some
procedures based on an assumed additivity may Ken taver from occupational guideline
settings. An example of the complex nature of sgaitelines is Endotoxin in building dust
which may indicate dampness and possible micrgv@kth and thus increased risk of building-
related symptoms including building-related asthneapiratory, and systemic symptoms (Park
et al 2006). Building type especially open-planicg#$ may be a risk factor for adverse
environmental perceptions and symptoms (Peitersah2006). For most of the health effects
for which objective measurements are available Belgtions and thresholds are not available
and few of the thousands of relevant chemicals Hmen examined at low exposure levels.
Despite this some progress has been seen. Resawtyal groups have discussed guideline
settings for the most IAQ relevant compounds (WHID& 2007, Cochet et al 2006, Kotzias et
al 2005, Anonymous 2006). Several procedures fioripeing are available by which the most
important pollutants can be identified. However,aomsensus exists. While we are waiting for
missing data, substitute measures might be helgfullow IAQ exposure range a lowest
concentrations of interest (LCI) type of estimatesy be useful. Recommended low and a higher
action levels may also apply (Bluyssen et al 199¥gain no consensus exists for such
procedures. Under all circumstances an ALARA pplecishould be followed.The preferred
guidelines therefore are based on source and emissontrol. A typical example is
formaldehyde from particle boards. Such guideliaesbased on an assumed ventilation of the
rooms to ensure that the exposure threshold iseroeeded. Existing ventilation guidance
therefore has other functions than minimizing egezrgnsumption.Iindoor air temperature and
humidity may be important for the perceived air lgyaand SBS symptoms (Fang et al 2004)
and perceived indoor environments, non-specifictgms, and their associations are associated
with the season (Mizoue et al 2004).
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Background

The incidence of asthma and allergy has incredsedighout the developed world over the past
forty years (Beasley, 2003). The incidence is mhigher for children than adults. From being a
relatively uncommon disease, a few decades agargads today, in many regions, are affecting
a large part of the population. The European Allevghite Paper (1997) noted that with the
exception of AIDS, only few diseases, besides gk, have increased two- or three-fold within
a short time. Allergic diseases are supposed tcdused by a complex interaction between
genetic and environmental exposures. The tempanadl$ in allergy prevalences, the differences
in the risk of allergy between urban and rural gapons of the same ethnicity and the short
time period for which the prevalence of allergisafises have increased, indicate that changes in
environmental exposures rather than genetic facioesthe most likely explanation for the
increase (Etzel, 2003; Strachan, 2000).

The Global Burden of Asthma Report, indicates tiedrly 30 million people currently have
asthma in Scandinavia, the Baltic States, the UgpuRlic of Ireland, and Western Europe;
throughout Europe, the prevalence of asthma isrgénédiigher in urban areas compared with
suburban and rural areas, the incidence of asthtaeka diagnosed by general practitioners in
the UK and Republic of Ireland is about 5 timeshieigthan it was 25 years ago; the recent
increase in asthma prevalence has been particutatited in the former East Germany, which
now has prevalence rates similar to those in foriast Germany; similar increases are
expected to occur in the former socialist countakthe Baltic region in coming years, as these
communities increasingly adopt Western lifestyles.

In western Europe, the symptom rate is up to t@edithat in eastern countries. For 1995-1996,
the International Study of Asthma and Allergie<Ghildhood (ISAAC) found an 11.5% annual
average prevalence of self-reported asthma sympionthildren aged 13-14 years Europe-
wide.

Globally, the prevalence of asthma and allergies imgreased over the last few decades.
However, the ISAAC study, which focused on childreshowed wide variations in the
prevalence of symptoms of asthma, allergic rhingouetivitis and eczema. In general, the study
found the highest asthma prevalence in Englishispgaleveloped countries (Australia, Ireland,
New Zealand, the United Kingdom and the United &fatThe rate ranges from 2.6—4.4% in
Albania, Romania, Georgia, Greece and the Russdergtion to 29.1-32.2% in Ireland and the
United Kingdom. This suggests that a western Wesis associated with allergic diseases in
childhood. Among children aged 13-14 years, theatgst increases in prevalence between
ISAAC Phase One (1992-1998) and Phase Three (1009)-2vere found in Romania and
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Ukraine for asthma, and Poland, Romania and thsiR#&®deration for rhinoconjunctivitis. The
prevalence of asthma and rhinoconjunctivitis felllieland, Malta and the United Kingdom
(Beasley, 2003).
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Fig. 1. ISAAC map of asthma symptom prevalence rfFsher MI, Anderson HR, Stewart
AW, et al.

Worldwide variations in the prevalence of asthmagtpms: International Study of Asthma and
Allergies in Childhood (ISAAC). Eur Respir J 1998;315— 35

But, what changes in environmental exposures apeiitant for the increase in allergies?

In the search of causative factors it's importamote that small children are particularly at risk
Thus the exposure during pregnancy and first yefiide seems more important than exposure
later in life. Children have a higher metabolisnd daster respiratory rate compared to adults
resulting in higher intake of food, drink and aarnit of body volume, i.e. higher dose which is
further enforced by their hand-to-mouth behavidie exposure (in mass) during pregnancy is
defined by the exposure of the mother, while thgosxre of babies mainly consist of indoor air
(around 80%), and food, mainly breastmilk. In depeld countries more than 50 % of the total
exposure (in mass), during a 70 year life congiktr in the home, while outdoor air, food and
liquids, and industrial air stands for around 7&86te The rest of the exposure is air in schools,
day care, offices, and during traveling.

This review is based on multidisciplinary stateadf reviews of the scientific literature on
associations between indoor exposures and asthohalbergies (Ahlbom, 1998; Andersson,
1997; Bornehag, 2001; 2004; Wargocki, 2002), andresults from two ongoing studies in
Sweden and Bulgaria, DBH, and ALLHOME. The studreSweden and Bulgaria are basically
identical, starting with a cross-sectional questare study on small children, allergic
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manifestations and home environmental factors. §¢wnd step has been nested case-control
studies including clinical examinations, inspecti@md environmental measurements.

Causes of the increase in asthma/allergies

Even if genetic changes is not the cause of theease, genetic predisposition is an important
factor for the risk of getting asthma and allergidés a questionnaire study of 1,325 children, 7
years of age, Kjellman (1977) observed the highestalence of atopic disease among children
of parents with an identical type of atopic diseésgh 72% risk), and the lowest among
children of parents without an atopic disease (13%). Small boys have a higher prevalence of
atopic diseases than small girls, but this chadgesg puberty.

As allergy means that a person reacts to an aflefgg. from cat, dog, pollen, mite, mould,
cockroaches, specific food etc), the most simpladanation for the increase should be that we
are exposed to more allergens today. Even if thegeindications of increased allergen levels
from mites and moulds (due to tighter, less vetgda and thus more humid, buildings in
northern climate), and, perhaps more pet contftegse is no scientific data showing that this is
an important factor behind the increase in allexgieoridwide.

If the allergen levels can not explain the incredsere must be other environmental changes
that are the cause. Either our immune defence @gdd (due to e.g. lack of microbial
exposure), so that we react to harmless proteite;gans, more than before (the hygiene
hypothesis), or some other exposure (adjuvant feictoakes us more vulnerable (mechanisms
not known) for exposure to allergens.

The hygiene hypothesis involving factors like fansize and number of early infections is, by
far, the most popular, discussed and studied eaptan for the rising trends in allergy and
asthma (Platt Mills, 2005). It suggests that expedo infections early in life influences the
development of a child’s immune system along a “atergic” pathway, leading to a reduced
risk of asthma and other allergic diseases. Howealespite numerous studies, (including up to
100 published state-of-the-art reviews), the asezontroversial. E.g. the hypothesis does not fit
for USA, where the allergy prevalence is very hamong children in inner cities such as
Harlem, where an increased hygiene is most ceytaioil a problem. The summary of the state-
of-the art reviews is that there is very littleaify, consistent evidence for this hypothesis.

If changed hygiene can not explain the increasedoility, what about new environmental
exposures?

Some outdoor exposures, such as ozone, nitrogerddjcsulphur oxides and particulate matter
are known to exacerbate asthma (Burnett, 2001; &g¢ckl989; Ware, 1986; Shima, 2000). In
Bulgaria, Lubomirova et al. (2000) reported a higpeevalence of respiratory and allergic
diseases among children exposed to air pollutiorgafd@c solvents) from refinery and
petrochemical plant compared to control childrentddor air also constitutes a main source of
exposure to air-borne allergens, such as pollem figants and moulds. The European
Community Respiratory Health Survey reported thaildmexposure in the last year was
associated with asthma symptoms and bronchial nssgeness (OR range, 1.14-1.44) (Zock JP,
2002).

Mold spore counts for Cladosporium and Aspergillese associated with an increased risk of
allergic sensitization. Sensitized children expogedhigh levels of mold spores (> 90th
percentile) were more likely to suffer from symp®mf rhinoconjunctivitis. Elevated indoor
concentrations of molds in wintertime might playae in increasing the risk of developing
atopic symptoms and allergic sensitization not dalynolds but also to other common, inhaled
allergens (Jacob, 2002)
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However the role of outdoor air pollution in caugi@sthma remains controversial (ATS, 2000).
E.g. the prevalence of allergic sensation was thim@es higher in low polluted Sundsvall
(Sweden) than in Konin (Poland), where the levdlsamnmon industrial pollutants, SO2 and
smoke particles were much higher (Braback, 1995a review of the evidence regarding the
link between environmental exposures and the peecal of asthma, Etzel (2003) concluded that
outdoor air exposures are not likely to causenioesiase in asthma prevalence.

Diet (Vevereux, 2006), lack of breastfeeding (vatijk) 2003), less physical activity and obesity
(Shore, 2006). are factors discussed as possibgesdehind the increase in asthma/allergies. It
iIs shown that breast-feeding has a protective effetherwise there is no good scientific data
behind these ideas.

Indoor air

The air indoor comes from the air outdoor. Outdaiorcontain pollutants that are present due to
e.g. traffic, soil, vegetation (pollens) and indiest (Bates, 1995). Inside the room, the air
receives further contaminations from people, amsmdlrniture, furnishings and building
materials, cooking, vacuum cleaning, combustioncggees and smoking as well as from
cleaning products, microbial growth, etc.

Exposure to secondhand smoke can cause new casasthofia in children who have not
previously shown symptoms. Exposure to secondhamuske can trigger asthma attacks and
make asthma symptoms more severe. For householceki&ure, a consistent effect was seen
only at=20 cigarettes smoked per day. Adjusted odds r&tiomcreased risk (95% confidence
interval) for household exposure®2( cigarettes smoked per day vs none smoked) atetmah
prenatal exposure (prenatal smoking vs no smokiregpectively, for children 2 months to
2 years old were three or more episodes of wheeZng(1.7, 4.2), 2.1 (1.5, 2.9); and for
children 2 months to 5 years old were asthma, 24, 8.2); 1.8 (1.3, 2.6) (Gergen, 1998) An
Italian study DRIAS (Disturbi Respiratori nell'lmfzia e Ambiente in Sardegna: Respiratory
Symptoms in children and the Environment in Sagjifialy) found thar exposure to ETS and
family atopy have a joint effect resulting in amaist tripling of prevalence for current wheeze
and more than four times for current asthma. Malesmoking during pregnancy and/or in the
first year of life remained associated with wheezéhe first year of life (odds ratio, 1.88; 95%
confidence interval, 1.14-3.12; P¥0.01). ETS exposu “high-risk” infants increases the risk
of wheezing starting in the first year of life, bnot after age 1 year (Le Souef, 2004). A
population-based study of > 4,000 school-aged wmldndicated that asthma diagnosis before 5
years of age was associated with exposures inrgteyéar of life to wood or oil smoke, soot, or
exhaust (OR = 1.74; 95% CI, 1.02-2.96), cockroacf@@R = 2.03; 95% CI, 1.03-4.02),
herbicides (OR = 4.58; 95% CI, 1.36-15.43), pedtisi(OR = 2.39; 95% CI, 1.17-4.89), and
farm crops, farm dust, or farm animals (Salam, 20@4 remarkably consistent association
between home dampness and respiratory symptomssththa has been observed in a large
number of studies conducted across many geogragiicns. In a recent review of 61 studies, it
was concluded that dampness was a significantfastor for airway effects such as cough,
wheeze, and asthma, with odds ratios ranging frahtd 2.2. Positive associations have been
shown in infants, children, and adults, and somdesce for dose-response relations has also
been demonstrated (Douwes, 2003). In two multigis@ry reviews on moisture related
problems in buildings (dampness) and associatedthhesfects it was concluded that
“dampness” do increase the risk for several heeftbcts such as asthma and allergies, sick
building syndrome and airway infections (Borneh2@04; Wargocki, 2002). Identified health
relevant moisture problems were e.g. visible maud damp spots, detached or miss-colored
flooring materials, condensation on inside of wwdpanes, flooding and bad odor. However,
the literature did not show what dampness relaxpd®ures that were responsible for the health
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effects. The results from the DBH and ALLHOME segliare well in line with earlier major
studies on dampness and health. In both studiesgseind consistent associations were found
between moisture related problems indoor and symg@t@mong children. The risk for
symptoms was more than doubled for children liviimg home with self reported “dampness”
(Bornehag, 2004; Naydenov, 2005). In Sweden \asibbuld or damp spots were reported from
the index child bedroom in 1.4% of homes compa@®B5% in Bulgaria. In general no
associations was found in Sweden between heakbtefind type of mould, a mouldy odour in
the room, glucan, ergosterol, and mVOC. Howeveraasociation between symptoms and
Penicillium in dust, and a strong dose-responsatiogiship between rhinitis and eczema and
inspectors perceptions of a mouldy odour alongdkieting board (Hagerhe-Engman, 2006).
Results from Bulgaria are pending analyses.The idarderdisciplinary review, NORDPET
(Ahlbom, 1998), concluded that pet exposure innajaincreases the risk for sensitization (OR
1.0-1.5). Pet keeping as a risk factor for asthmh \@aheezing in children was also reported in
the review by Apelberg et al. (2001). However, iatady by Lau et al. (2000) no relation was
found between early indoor pet allergen exposuré prevalence of asthma, wheeze, and
bronchial hyper-responsiveness. In a number ofiesu(Holscher, 2002; Nafstad, 2001) an
inverse relationship between early pet exposureafladyic diseases later in life has been found,
suggesting a “protective” effect of pet keepingclsunverse associations between current or
early life pet ownership and symptoms are, howeweinly due to avoidance behaviour in the
families,( Bornehag, 2003), i.e. a “healthy petpirg” effect. In Sweden where a number of
information campaigns to the general public, abi@kt factors for asthma and allergies, there is
a strong “protective effect” of pet exposure, whileBulgaria with no such campaigns, there is
no “protection” from pet keeping. Meaning, in catiesg with a good knowledge about the risk
for allergies related with pets, families with afjees tend to get rid of pets, while that is na th
case in countries without such public knowledge.

A study indicated that children sensitized at leaste during the first 3 years of life were found
to be exposed to significantly higher house duge rfmedian, 868 ng/gm vs 210 ng/gms=
0.001) and cat (median, 150 ng/gm vs 64 ng/gm;0.011) allergen concentrations in domestic
carpet dust compared with the group without seraditn. In homes with low (<= 25th
percentile) dust concentrations, the risk of seaibn to mite (1.6%) and cat (2.0%) is low,
compared with 6.5% for mite and 6.3% for cat if themestic exposure is above the 75th
percentile (Wahn U. 1997).

Reduced ventilation rates means increased contiensaof building related pollutants,
including moisture. Only few studies on the asdamiabetween health effects and ventilation
rates in homes have been reported. Oie et al. {1@8Ad that the risk of bronchial obstruction
not directly was associated with the ventilatioteran the homes, but that the risk associated
with e.g. dampness was greatly increased in honigsaMow ventilation rate. Emenius et al.
(2004) reported that air change rate and type ofitegion system did not affect the risk of
recurrent wheezing. However, in a study by Bornelegagal. (2004) case children had
significantly lower ventilation rates at home thaontrols and a dose-response relationship was
indicated. An important difference between theséist are that the ventilation rate in the study
by Emenius et al. are reported to be about theldmflihat in the study by Bornehag et al.

The literature on HDM (Harving, 1993; Sundell, 199&dicates that inadequate ventilation in

homes in cold climate constitute a major risk fadtr infestation of mites and subsequent
health effects.
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It is well established that ventilation rates imrfes in northern Europe have been reduced during
the last decades, as a result of energy consemvateasures. About 60% of the multi-family
houses and about 80% of the single-family hous&wiaeden (Sundell, 1995) .

Indoor smoke from solid fuels (Desai, 2004) andiremmental tobacco smoke (Tatum, 2005)
are significant triggers for asthma symptoms atatcks. The situation with regard to smoking is
totally different between Sweden and Bulgaria. Wme8en smoking among pregnant women is
rare, and “no one” smokes in a room with a babylenh Bulgaria 31% of the pregnant women
were smoking, and 73% of the children had at leastfamily member smoking. Smoking is a
risk factor for asthma in both countries, but mubre pronounced in Bulgaria. Especially a
mother smoking during pregnancy, and first yedifefof the child were significantly associated
with most of the health effects among the childré&dverse effects of both pre- and postnatal
parental smoking on children's respiratory healdremecently confirmed by Pattenden et al.
(2006). Asthma was most strongly associated withemal smoking during pregnancy, but
postnatal exposure showed independent associatitina range of other respiratory symptoms.

Chemical exposures indoors

The home environment has changed considerably gliha past 3-5 decades because of the
introduction of new building technology, as well s~ building materials. Some new surface
materials are emitters of chemical compounds watietial allergic properties.

Commonly measured VOCs have not been strongly aodsistently associated with
asthma/allergies. There is, however, some epideqgicdl evidence for associations between
phthalates or plasticized products such as PVC aledgic symptoms in the airways (e.g.
asthma), nose and skin. Jaakola et al. (1999) fthetdhe total area of PVC surface materials in
homes was associated with development of brondfstruction in small children in Norway
(Jaakola, 2000). In another study from Finland lovespiratory tract symptoms, like persistent
wheezing, cough and phlegm in children, were aasediwith the presence of plastic wall
materials, while upper respiratory tract symptoneseanot. Also the relative risk estimated for
pneumonia, bronchitis and otitis media were sligimicreased in the presence of plastic wall
materials (Nielsen). In the first phase of the SeledBH-study it was found that PVC as
flooring material in combination with moisture pteims in the floors was associated with e.g.
asthma among children aged 1-6 years (Glue, 26@&kame is valid for Bulgaria. Furthermore,
in the second phase of the DBH-study a strong desgense relationship was found between
asthma and di(2-ethyl-hexyl)-phthalate (DEHP) conmicgion in indoor dust and between
eczema and rhinitis and butyl-benzyl-phthalate (BB{Bornehag, 2004). Oie et al. (1997)
elaborated possible mechanisms of respiratory tsfteg inhalation exposure and concluded that
deposition of DEHP in the lungs may increase thk of inflammation in the airways which is a
characteristic feature of asthma. In a populatiasel incident case-control study among adults
(21-63 years), Jaakkola et al (2006) reported tiatuse of self leveling compounds at home
during the past 12 months was a determinant oftamisesthma. They also found that the risk of
asthma was significantly related to the presenceladtic wall materials at work. Reviewing
existing literature, Nielsen et al (2006) supportie hypothesis that some phthalates may act as
adjuvants. An adjuvant effect of phthalates forssgration to common allergens was tested by
Glue et al. (2005). None of the phthalates testad fsund to induce histamine release per se,
however, higher histamine release was observed Wigecells first were treated with phthalates
and then exposed for allergen. Lee et al. (200gdrted that DEHP and DINP (di-isononyl
phthalate) enhance allergic responses by enhanteshéin-4 production in CD4+ T cells via
stimulation of NF-AT-binding activity which is inife with the discussion in the paper by
Chalubinski et al. (2006).
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The sources of phthalate esters indoor are ubigsifglasticized polyvinyl chloride (PVC)
materials (floor and wall covering materials), sleowurtains, adhesives, synthetic leather, toys,
cosmetics and very many other consumer products.

Discussion and conclusions

The increase in asthma/allergies have been dramthtever the world, in a short time period
(decades). The causes must be environmental, asntbeperiod is to short for major genetic
changes. An easy explanation would be that theve baen a major increase in exposure to
allergens. We are still becoming sensitized to ircat, dog, mites etc, and there are no
scientific evidence that such sources have inctedsastically the last decades. So the cause
should be searched for in the way we are reactioige roften to pollens, cat dander, mites today.
The most common explanation is the “hygiene hypa#ieOur environment is too clean, we are
not exposed to “dirt”, including microbes, that opes the immune defense. Instead the
immune system react to harmless proteins, allergadacing asthma/allergies. In spite of two
decades of research on this hypothesis, no consiptesitive confirmation have been found,
rather the contrary. Probably many of the findirgggr be explained by selection bias. In
families that have a member that gets sick whemsegb it is natural to avoid pets, resulting in a
seemingly “protective” effect of pet-keeping in ssesectional or cohort studies (“the healthy pet
keeping effect”). This effect is obvious in a caynliike Sweden, with a number of national
campaigns, informing everyone about risk factorsallergies (including pets), but not existing
in Bulgaria (no campaigns, pets is a real riskddgt The same selection bias could be found
among farmers, and other groups that are usedidsnee of the “hygiene hypothesis”. In the
same field of research we have the protective eféécendotoxin. As endotoxin is strongly
associated with pet keeping, we have the samegstgelection bias involved. The idea that it is
cleaner today (more hygienic) in homes, schools th@ years ago, is also against common
experience. From a “housewife”, at home, cleanimge. have a society were most are working
outside the home. It is reasonable to assume tiraes are more dirty today. For schools, day
care centers, offices the development has beesatine. There is in most buildings less cleaning
today than was usual decades ago, as cleaninghga cost for building owners (much more
important than energy use). More frequent earleanbns should prevent asthma/allergies,
according to the “hygiene hypothesis”, but in thee8ish study (DBH), it's the opposite! The
more early infections (day care attendance), theerasthma/allergies.

Indoor allergen exposure is recognized as beingribst important risk factor for asthma in
children, in particular for sensitisation duringtfirst years of life. The indoor environment in
general can give symptoms of a non-specific natuhésh is called ‘sick-building syndrome’.
Different studies have shown that dwellings andsthfrequently have severe indoor problems
because of poor building construction and mainteeapoor cleaning and poor ventilation; in
addition, high levels of VOCs, allergens and mey(ldumidity) have often been found.

Future research is also needed to clearly idens#yfactors contributing to asthma and allergic

disease onset. In particular the role of exposoirghemicals, such as phthalates, should receive
attention.
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Introduction

Lung cancer is the most common cancer in the wamldl accounts for 12.3% of all new cancer
in Europe. About 375,000 new cases of lung canezewstimated for Europe in 2000; 303,000
in men and 72,000 in women. The number of deatls a@ut 347,000 (280,000 in men and
67,000 in women). However, there are substantfédréinces in incidence of lung cancer in the
different regions and populations within Europe @ynxki, 2003). Estimates for the year 2000
indicate that the highest age-standardized incieleates in men (per 100,000 inhabitants) are in
Hungary (95.5), Croatia (82.5), Bosnia HerzegoVi$2.2) and Yugoslavia (80.9). The lowest
rates are in Sweden (21.4), Iceland (31.5), Polt(@#&9) and Norway (35.1). In women the
highest rates are observed in Denmark (27.7),nde(23.8), Hungary (22.6) and the UK (21.8).
In women, the lowest incidence rates are obseme8piain (4.0), Belarus (5.0), and Portugal
(5.5).

There are also differences in temporal trends. gn,mung cancer mortality is declining in
Northern and Western Europe (UK and Finland), aighoit is already low and fairy stable in
Sweden and Norway. In Central and Eastern Europsvewer, lung-cancer mortality is
increasing. In women, there was high and increamogality in the UK until the end of the
1980s. Since then, however, a plateau has beehewand rates have started to decline. In
Sweden and Norway, mortality has been increasimmngluhe past 25 years, although it is still
much lower than in the UK. In Southern Europe, @dst from lung cancer is either quite low
and stable in countries like Greece, or increaairgmoderate rate in Italy and Portugal.

Indoor air is contaminated by multiple pollutanisngrated by combustion sources, biological
sources, gaseous pollutants released from housegmaducts, furnishings and building
materials, and by entry of pollutants in outdoar. dihese pollutants consist of a number of
carcinogens, including several that have been dinicelung cancer, such as tobacco smoke
(ETS), particulate matter, radon.

Epidemiological studies indicated cigarette smolkasghe predominant cause of the disease, and
residential radon studies estimate that radon expasay be responsible for a not insignificant
percentage of these deaths.

ETS and lung cancer

Environmental tobacco smoke (ETS) indicates thetume of sidestream smoke and exhaled
mainstream smoke that contaminates indoor air veheoking is taking place. The inhalation of
ETS by nonsmokers is generally referred to as umtalry or passive smoking. The exposures of
involuntary and active smoking differ quantitatiyebnd, to some extent, qualitatively.
Nevertheless, tobacco smoking in indoor environsiémtreases levels of respirable particles,
nicotine, polycyclic aromatic hydrocarbons, carbomnoxide, acroleine, and many other
substances. Measurements of components of tobaumkesin public and commercial buildings,
various workplaces, and residences have shown pread contamination by ETS. Studies
using biomarkers of exposure including nicotine @aanetabolite, cotinine, have further shown
that ETS components are inhaled and absorbed bgmmakers.
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The adverse effects of exposure to environmentsdoo smoking (ETS) are well established
(Office of Environmental Health Hazard Assessm@@)5). Several well-conducted studies
have shown higher risk of coronary artery disealseg cancer, respiratory diseases and stroke
associated with exposure to passive smoke. ETSseaxpaould occur in private households,
work and public places. Several countries haveteddegislation that prohibit smoking in work
and public places, but the interest towards pdi¢ae address exposure in households is more
limited. Studies conducted in the ‘90 have elu@datihe relationship between exposure to ETS
from spouse and lung cancer risk and relative r(8&) have been provided, resulting in 1.36
for men and 1.22 for women (Boffetta et al, 1998).

The number of lung cancer cases attributable to EB& spouse, i.e. the Proportional
Attributable Risk (PAR), was calculated in the plagpion of the 25 EU countries aged 35+ years
in the year 2000. A total of 916 (54-1928) lung @ancases due to exposure from spouse were
estimated for males and 2,449 (1,424-3,357) foralesm1 The largest burden is for Western and
Southern Europe for males (especially Germany aK(yl &hd females (especially Germany,
Italy, and France). These figures correspond tataibutable proportion of 0.5% in males and
4.6% in females (Porta, 2008).

PM and lung cancer

Particulate matter (PM) is a complex mixture ofbanmne solid particles and liquid droplets
(aerosols) that vary in size and composition, ddpgnupon the location and time of its source.
PM is generally divided, according to the aerodyitagdiameter (), into PMy (D4 < 10 um),
PM, s (Da < 2.5 pum), ultrafine particles (UFPs; B 100 nm). Despite its modest contribution to
overall volume, the ultrafine fraction represers targest number of particles and, therefore,
presents the largest surface area.

Indoor sources of PM include fuel/tobacco combunstioleaning operations and cooking.
Moreover, fine and ultrafine particles may be fodrigy reactions between ozone and some
VOCs Particles from outdoor air may contribute #rtigle load in indoor air, and exposure
studies carried out in the United States and Eursipgwed that particles in outdoor air
contributed substantially to personal exposurestartdmporal variation in personal exposures,
also in the indoor environment.

The initial suggestion that lung cancer inciderno@eases due to long-term exposure, low-level
exposure to PM was provided by the Harvard SixeSistudy (Dockery, 1993). These findings
were confirmed in the long-term follow-up of the Arntan Cancer Society, consisting of
~500,000 adults from metropolitan areas throughtiet USA. Results indicated that each
10ug/m® elevation in PM2.5 was associated with approxitgaael4% increase in lung cancer
mortality(AM).

A number of European epidemiological studies on iantbair pollution and cancer published
before December 2006, with focus on five analytiedes providing data on the association
between various measures of particulate matter (@id)lung cancer were recently reviewed. A
case-control study of 755 men who died from lungcea in Trieste, Italy, reported that,
compared with less than 0.18 g/m/day of deposuioparticulate, the relative risk (RR) was 1.1
(95% confidence interval (Cl): 0.8-1.5) for 0.1&80.and 1.4 (95% CI: 1.1-1.8) for more than
0.30 g/m/day. In the Netherlands Cohort Study oet @nd Cancer with 60 deaths from lung
cancer, the RR was 1.06 (95% CI: 0.43-2.63) foinarease of 10 mug/m in black smoke. In the
French Pollution Atmospherique et Affections Resfaires Chroniques study cohort based on
178 deaths from lung cancer, the RR associated avitincrease in exposure to 10 mug/m of
total suspended particulate was 0.97 (95% CI: 0.94). A nested case-control study within the
European Prospective Investigation on Cancer anttitin included 113 nonsmokers or
exsmokers diagnosed with lung cancer and 312 dsntfithe RRs were 0.91 (95% CI: 0.70-
1.18) for an increase in PM with diameter </=10 m#iv10) of 10 mug/m, and 0.98 (95% CI:
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0.66-1.45) for exposure over 27 mug/m compared Vafis than 27 mug/m. In a Norwegian
record linkage study, based on 1453 lung cancdahdgeno significant excess risk was found for
men, and a modest association was observed for mofwopean studies of PM exposure and
lung cancer do not show a clear association, baemginties remain for the measurement of
exposure and latency (Gallus, 2008).

The association between long-term exposure toidredfated air pollution and mortality was
assessed in a Dutch cohort. Data were collected &éno ongoing cohort study on diet and cancer
with 120,852 subjects who were followed from 19871896. Exposure to black smoke (BS),
nitrogen dioxide, sulfur dioxide, and particulatatter < or = 2.5 microm (PM(2.5)), as well as
various exposure variables related to traffic, westimated at the home address. Traffic
intensity on the nearest road was independentlycéged with mortality. Relative risks for lung
cancer (95% confidence intervals) for a 10-micrd@mincrease in BS concentrations
(difference between 5th and 95th percentile) wei@3 1(0.88-1.20), for a 10-microg/m(3)
increase in PM concentrations were 1.06 (0.82)1.88 a 30-microg/m(3) increase in NO
concentrations were 0,91 (0.72-1.15), for a 20ragitm(3) increase in S{&Zoncentrations were
1.00 (0.79-1.26) (Beelen, 2008)

Diesel motor emission is a complex mixture of healdrof constituents in either gas or particle
form. Diesel particulate matter (DPM) is composddaacenter core of elemental carbon and
adsorbed organic compounds including PAHs and -fitkéls, and small amounts of sulfate,
nitrate, metals, and other trace elements. DPMistansf fine particles including a high number
of ultrafine particles. These particles are highdgpirable and have a large surface area where
organics can adsorb easily. Exposure to DPM casecaaute irritation and neurophysiological,
respiratory, and asthma-like symptoms and can elzate allergenic responses to known
allergens. Consistently, lung cancer risk is eledaimong workers in occupations where diesel
engines have been used. However, quantificatiorthef cancer risk with respect to DPM
concentrations is not possible. Furthermore, antlfiea and ultrafine particles, of which DPM
is an important component, contribute to cardiomuiary morbidity and mortality and lung
cancer. In conclusion, diesel exhaust poses a carste greater than that of any other air
pollutant, as well as causing other short- and {igmm health problems. One effective way to
effectively reduce emission of DPM is the use aftipke traps (Wichmann, 2007).NO2 is the
expression of a mixture of combustion (traffic-tet particles and gases, and is also related to
power plants and waste incinerator emissions. &nestudy demonstrated that 5-7% of lung
cancers in European never smokers and ex-smokersataibutable to high levels of air
pollution, as expressed by NO2 or proximity to hetaffic roads (Vineis, 20Q7

Cooking oil vapours and indoor coal burning

The high rates of lung cancer among female neveskems in China have led to studies
evaluating the potential role of environmental dasf such as exposure to cooking oil vapours
and indoor coal burning.

Traditional Chinese wok cooking involves heatingkiag oils to high temperatures resulting in
high levels of fume emissions, often in poorly viated kitchens. Volatile substances generated
from cooking oils have been shown to be mutagemd eontain carcinogenic polycyclic
aromatic hydrocarbons (PAHSs), as well aldehydesahdr mutagens. Epidemiological studies
conducted in mainland China, Taiwan and Singaparee hconsistently demonstrated that
exposure to cooking oil fumes, particularly in thiessence of fume extractors, is significantly
associated with an increased risk of lung canceChimese women who have never smoked.
Indoor coal burning for heating and cooking in hemgthout adequate ventilation in China has
also been implicated as a risk factor. emissioomfthe incomplete combustion of coal have
been shown to contain high concentrations of mutiageAHs, and mouse skin tumorigenicity
studies have demonstrated that PAH-rich smoky ocemlssions are ~1,000-fold more
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carcinogenic than cigarette smoke. The first ewdehnking indoor coal burning and lung
cancer came from a 1987 study conducted in ruranX¥ei county in China, where unusually
high rates of female never smokers with lung cahese been observed. In this study, there was
a significant correlation between indoor air bemaipyrene (BAP) concentration and high lung
cancer mortality rates, particularly from adenotama. Subsequent large case—control studies
from other regions of China have reported that Bbakl coal burning is a significant risk factor
for lung cancer. Notably, exposures to these rgkadirs are largely preventable with the use of
proper ventilation and modification of cooking prees. Indeed, a retrospective study of
residents burning indoor coal in rural China fodlnat changing from unvented fire pits to stoves
with chimneys was associated with a subsequenttieduin lung cancer incidence rate (Lam,
2005)

Radon and lung cancer
from: James Mc Laughlin and Francesco BochicchiBation and lung cancer” First EnVIE
Conference on Indoor Air Quality and Health for Edlicy

In the EU as in most developed regions of the whnhd) cancer is the most common cause of
death from cancer. It is estimated that 19.7% loaicer deaths in the EU in 2006 were due to
lung cancer (Ferlay, 2007). The vast majority afsén lung cancer deaths are attributable to
cigarette smoking but residential radon studiesnegé that radon exposure may be responsible
for a not insignificant percentage of these deafle U.S. Surgeon General has cited radon to
be the second cause of lung cancer after activé&isgnand radon has been classified as a Group
1 carcinogen by IARC (US Dpt. of Human Health, 200840, 1998). It has been tentatively
suggested and is being investigated that radonsexpomay be associated with other health
endpoints but currently the only health effect elsshed for radon is that it does cause lung
cancer. Radon-222, commonly referred to as “radisré,chemically inert radioactive gas which
is @ member of the Uranium-238 naturally occurrragioactive decay series. Its immediate
parent in the decay series is Radium-226. It iglpced in most rocks and soils from which it
may enter the indoor air of houses mainly by thespure driven ingress of soil gas. Except
where building materials with elevated radium cantare used generally the contribution of
building materials to radon levels in indoor aismall compared to that from the soil gas.

In most of the older EU Member States extensive r@piesentative surveys of indoor radon
have taken place while in many of the recent adcmessountries representative nationwide
indoor radon surveys have yet to take place. Talgwes a summary of the indoor radon data in
the EU 25 expressed in units of BinBecause of differences in the characteristicthebe
surveys it is not possible to calculate a poputatiweighted EU average indoor radon
concentration but it is probably close to 50 BY/he distribution of indoor radon in most
countries approximates well to a log-normal disttibn. While they are very rare a small
number of homes with indoor radon levels of sonms & thousands of Bg/have been found

in a number of countries.

In indoor air radon produces a series of shortlideday products which may attach to aerosol
particles present in the air or deposit on roonfages. It is the inhalation and deposition of the
airborne short-lived radon decay products whickegivise to irradiation by alpha particles of
sensitive cells in lung tissue such as the badl oéthe bronchial epithelium (Lubin, 1994).
From considerations of their respective radioactnadf lives as well as their physical and
chemical properties lung dosimetry models show thatradiation dose delivered to the lung is
dominated by the alpha particles emitted by thetdh@d radon decay products Po-218:(E
6.00 MeV) and Po-214 (E= 7.68 MeV). Because these alpha particles haspertive ranges of
only 48um and 71um in tissue they deliver a high density of ionieatdamage to cells in these
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short distances. It is this lung dose that is atered to be the cause of radon induced lung
cancer either on its own or jointly with tobaccoadm carcinogens.

This is supported by animal studies. Due their eeSpe size dependent spatial deposition
patterns in the human respiratory tract radon degmaducts unattached to aerosols (the
unattached fraction) deliver a greater alpha ramhadose to sensitive lung tissue in the bronchial
region compared to those attached to aerosolsaftaehed fraction). There have been numerous
studies over past decades into the effects of tddwadon exposure on underground miners both
those in uranium mines and in other types of mihebin, 1994). Due to differences in study
design and in particular to large errors in meaguradon and its decay products in these mines
the lung cancer risk factor estimates from thesediss cover a range of values. All of them,
however, showed a clear dose-related increaseddrgkto radon exposure. Information on
smoking status was available only for a fractionmafiers of some of these studies. For smoker
miners, the relative risk per unit radon exposuezesfound to be about 2—3 times higher than
the relative risk for all the miners (7, Nationasearch Council, 1999). This means that the
combined risk of smoking and radon was found is¢h&tudies to be submultiplicative but to be
more than additive, thus suggesting synergism batwadon and tobacco smoke. In absolute
terms the estimated risks per unit radon exposuanokers was found to be greater than for
non-smokers in the mining cohorts.

Attempts have been made to transfer or apply theenstudies’ risk factors to members of the
public exposed to radon in their homes or to theega workforce in above ground workplaces
but this has proved to be somewhat problematics iBhprimarily because the miner studies only
give estimated risks for adult male miners whossathiing rates, lung morphometry, etc, differ
from that of the general population. Moreover, mineere exposed to some more risk factors
for lung cancer than are the general populaticdhar homes. In addition aerosol characteristics,
degree of equilibrium between radon and its degagycts and other aspects of underground
mines which influence radon progeny behaviour andsequent deposition pattern in the
respiratory tract differ considerably from thosegent in homes. Nevertheless, Lubin et al. and
the U.S. National Research Council BEIR VI Comnaitteok data on residential radon exposure
in the U.S. together with data on lung cancer nhityteom 11 cohorts of underground miners
and on this basis estimated that the contributiomfresidential radon exposure to lung cancer
deaths in the U.S. is in the range 10-15% (Natioesgarch Council, 1999; Bochiccio, 2005). As
stated above in this approach there are many sowfcancertainty in extrapolating from the
miner occupational studies to the public. An akirre approach to such use of miner studies or
of the more theoretical approach of lung dosimetrydeling for estimating the radon lung
cancer risk to the public has been to directly wheitee the lung cancer risk from residential
radon exposure studies.

Lung Cancer Risk From Residential Radon

Since the 1980s a number of case-control resideatiion epidemiological studies have taken
place in North America, in Europe and in China.e¥iew of these can be found in (Catalan,
1999). Some of the individual studies yielded resswhich were equivocal. A meta-analysis,
however, of the summary odds ratios for these studhowed a slightly significant association
between the lung cancer risk and residential ragkposure which was consistent with the
results from the occupationally exposed miner ssidkrewski, 2005). However, heterogeneity
among these studies occurred, probably due toréifteconfounding factors which cannot be
controlled in a meta-analysis, whereas confoundatgors can be controlled with a pooled
analysis. More recently the results of a poolindNofth American residential radon studies in a
combined analysis of 7 North American case-corgtadlies has been published (Darby, 2005).
In this pooling study the radon measurements wesedd on long-term alpha track radon
detectors placed in current and former homes afyssubjects. Data was gathered on modifying
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factors, including age, sex, and smoking habithefsubjects. The study involved 3,662 cases of
lung cancer and 4,966 controls. Collaborative amslpf individual data was carried out and
data on each separate individual in the sevenesudere collated centrally and analyzed with
uniform methods.

The odds ratios for lung cancer were found to hmeased with increasing radon exposure
categories, with an odds ratio of 1.37 (0.98—1.8%) concentrations exceeding 200 Bg/m
relative to concentrations under 25 Bd/mUsing a continuous linear model to fit data, the
overall estimate of the excess odds ratio for lnagcer per 100 Bgffrwas 11%, which was
slightly significant (0%-28%). No substantial diféeces was observed in the excess odds ratio
by categories of cigarette smoking, number smoleddpy, duration of smoking, or time since
quitting. The data obtained in this pooling prowd#irect evidence of an association between
residential radon exposure and lung cancer in kegepith extrapolation from the miner studies.
In Europe a similar pooling of residential radondsés has also taken place in recent years and,
like their North American counterpart, has cleatBmonstrated and estimated the lung cancer
risks associated with radon exposure in homes. M@ due to the larger total study size and
the higher radon exposure levels of the Europaadfiest, a higher statistical power and therefore
smaller confidence intervals were obtained anch&ranalyses were possible to be carried out.
This collaborative analysis involved 13 European@emiological studies from nine EU Member
States (Austria, Czech Republic, Finland, Frananp@ny, Italy, Spain, Sweden and the United
Kingdom) and included individual data on 7,148 lwamncer cases and 14,208 controls without
lung cancer (Darby, 2006, EC 1990). Each of thas®fean case-control studies of residential
radon and lung cancer had over 150 people with kargcer and 150 controls without lung
cancer. These studies incorporated detailed smdkisigries of all subjects and sought radon
measurements in homes inhabited by these indi\sddiating the past 15 years or more. As in
the North American pooling study data on each s#paindividual in the thirteen European
studies was analyzed with uniform methods and wetkated centrally. Radon measurements
were obtained from residences occupied during t82 Sear period prior to lung cancer
diagnosis or acceptance as a control.

In this collaborative study a proportionate inceeas risk was found not to be strongly
influenced by any one study. The dose-responsaaeship appeared linear with no evidence of
a threshold, and a significant relation remainedneamong those whose average measured
radon concentrations were below 200 BY/f nonregulatory Reference Level of 200 Bgfior
residential radon has been in common use in somapEan countries for many years, originally
recommended by the European Communities for fudurellings (ASH 2006). The absolute risk
to smokers and recent ex-smokers was not unexpgdtachd to be much greater than that to
lifelong nonsmokers. This study has provided strdimgct evidence of a statistically significant
association of residential radon exposure and aamger, as predicted by extrapolation from the
miner studies. The risk of lung cancer after dicaiion for study, age, sex, region of residence,
and smoking increased by 8.4% (95% CI = 3.0%-15.p&6)100 Bg/m increase in measured
radon concentration. No evidence was found thaexoess relative risk varied with age, sex or
smoking history. When corrections were applied émaove the bias arising from random
uncertainties in radon concentration measuremehés,dose-response relation was found to
remain linear but increased twice in magnitude 8661(95% Cl = 5%-31%) per 100 Boim
increase of the estimated mean corrected radoneotmation. While the estimated excess
relative risks were independent of smoking statugbsolute terms the risks to smokers at any
level of radon exposure were much greater tharetiodifelong never smokers. For example,
taking the risk to lifelong non-smokers exposed tadon concentration of 0 Bgfrio be 1.0 the
relative risk for a habitual smoker of 15-24 cidgtes per day relative to this was estimated to be
25.8, 29.9 and 42.3 at radon concentrations 000, dnd 400 Bg/frespectively. For lifelong
non-smokers the corresponding risks are estimatée t1.0, 1.2 and 1.6 respectively. While the
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very high risks for smokers exposed to radon mamséo indicate that the risk from radon
exposure is only important for smokers this is thet case. Taking the absolute lifetime risk to
75 years of lung cancer for lifelong non-smokersengosed to radon to be about 0.41% (or 1 in
250) then on the basis of the Darby et al studyc@mtinuous exposure to radon concentrations
of 400 Bg/ni and 800 Bg/mh this risk will be increased by factors of abou6 and 2.3
respectively. In the latter case at 800 BYthe estimated absolute risk to a lifelong non-senok
will have increased to 0.93% (or close to 1 in 1@)en allowing for the many uncertainties in
such an estimate an involuntary risk of this magitet of contracting a fatal cancer cannot
reasonably be considered to be trivial. In the exinbf radon and smoking it should be noted
that an interaction between passive smoking an@dsxp to radon has also been estimated,
although the combined risk would be much lower tf@nactive smoking and with a larger
confidence interval. Therefore, in this paper wél wonsider synergism between radon and
active smoking, only. It should be noted that alipgoanalysis of all the Chinese, North
American and European studies which is presentiietwmay is expected to be more informative
than the previous regional ones.

In 2006 lung cancer was the most common causerafecadeath in Europe with an estimated
334,800 (19.7% of total) deaths (Feraly, 2007)mggor cause is smoking but on the basis of the
Darby et al study it is estimated that in Europgosure to radon in the home may account for
about 9% of deaths from lung cancer and 2% of adltlls from cancer (Darby, 2006). This
major collaborative study of 13 residential radprdemiological studies in 9 EU Member States
therefore forms a very solid basis for policy makeoth at EU and Member State levels to
formulate and develop effective radon risk managersgategies (EC 1990).

Estimating Radon Related Lung Cancer Deaths Iithe

The collaborative pooled analyses of epidemioldgstadies in North America and in Europe
have provided strong evidence that residential madaan important cause of lung cancer. The
European collaborative analysis in particular haangjfied the radon related risk of lung cancer
to smokers and former smokers relative to thaifelbihg never smokers. This study gives a firm
basis in principle for estimating the burden ofaadelated lung cancer deaths in the EU. The
process of making a realistic estimate of this bardhowever, requires the existence and
availability of reliable data bases on indoor radoncentrations and also of smoking prevalence
in all Member States.

It should be noted in Table 1 that mean indoor mactincentrations throughout the EU are quite
variable. Large variability in indoor radon conaatipns may also be present within individual
countries. There are many contributory factors uohsvariability. As indoor radon in most
houses originates in the soil or rock subjacerhéohouse the geological and soil characteristics
in a region are a strong determinant of indoor matkvels. Building design, air-tightness of
houses and also ventilation preferences of theparus can also be major influences on the
indoor radon level.

These factors combined with the geographical distion of the population in a country can also
contribute to the variability. A good example i thK where high indoor radon values are
present in the Devon and Cornwall peninsula buthtlean population weighted national indoor
radon level at 21.7 Bgffis one of the lowest in the EU. This is primaudye to the fact that a
large fraction of the UK population lives in theridin region which is mainly built on clay with
low radon emanating and permeability charactesstic

In the case of smoking habits the data bases alaitdso show there is considerable variability
in smoking prevalence throughout the EU. As showiTable 2 the percentage of adults who
smoke in the EU ranges from 17.5% in Sweden to #b@reece (Peto, 2000). The EU average
Is 29% but despite wide variations in smoking plewee among member states, the overall
average for the 25 member states is broadly thee snit was before enlargement in 2004.
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While the average percentage of non-smoking adhultise EU can be taken from Table 2 to be
71% it should be noted that the non-smoking colsocomposed both of lifelong never smokers
and former smokers. As the risk of radon relatedylaancer is strongly influenced by smoking
status and as the lung cancer risk decreases imighsince quitting smoking in order to make a
realistic estimate of radon related lung cancedemce in the EU good information on former or
ex-smokers is needed in addition to data on preseite smokers (Bochicchio, 1995). Where
national data on former smokers is available itallgusimply given as their percentage in the
population with little or no additional informatiosuch as the time since they stopped active
smoking or indeed the duration and extent of tpe@vious active smoking habits. In spite of
these and other limitations in the available radma smoking data it is possible using the
findings of the Darby et al collaborative studyniake an estimation of the lung cancer impact
due to radon in the EU. As already stated abowvhigistudy it was estimated that in Europe,
exposure to radon in the home accounts for abouv©deaths from lung cancer and perhaps up
to 2% of all deaths from cancer. More accuratenedts on the radon lung cancer burden in
Europe are presently being made but are not yeplatad. As lung cancer deaths in Europe are
estimated to have been 334,800 in 2006 this imphas perhaps up to 30,000 of these deaths
may have been caused by exposure to radon in thne {Berlay, 2007). The corresponding
estimated figures in 2006 for the EU 25 are 236,@0@ about 21,000 respectively. In
considering these putative radon related EU lungceadeaths the following three important
gualifying observations must be made:

(1) The majority of these estimated radon relatgnylrelated cancer deaths occur in active
smokers exposed to radon.

(2) It should also be noted that, due to the negsmlormal distribution of indoor radon levels
found in all national surveys the majority of thelaths will occur to persons (both smokers and
non-smokers) exposed to indoor radon levels wdthvbehe indoor radon Reference Level of
200 Bg/nt used in most European and EU countries.

(3) Residential radon studies have shown thatistkeof lung cancer due to the combined effects
of smoking and radon exposure are much greatertbeadditive effect of both individual risks.
Therefore in estimating the global lung cancer barth a country or region good data is needed
on not only the indoor radon distribution but atso smoking prevalence. As Table 2 shows
smoking prevalence is quite variable throughout Hi¢. While the EU mean is 29% the
percentage of active smokers ranges from 17.5 $Soveden to 45 % in Greece.

These three observations have important implication policy makers in the EU formulating
policies and strategies aimed at managing the ¢anger risk from indoor radon.

Mesothelioma and environmental (indoor) asbestos prsure

Mesothelioma is a rare malignant tumour of the geand peritoneum. The time elapsing
between first exposure to asbestos and the climealifestation range between 20 and 40 years.
It is associated with exposure to asbestos fibbedh occupationally and in the general
population.

It has long been known that non-occupational exfosu asbestos entails an increased risk of
mesothelioma, both in individuals living with astmssworkers and in those living near asbestos
mines, mills and factories manufacturing asbestosdyxts. The contribution of asbestos
pollution in particular in buildings built with asbtos-containing manufactures is also known.
Indoor air levels in buildings without specific @&sibos sources are generally below 1000
fibres/n?; in buildings with friable asbestos, concentrasiorary irregularly and can be higher
(Albin, 1999).

Information from the European cancer registriescatgd that mesothelioma incidence has been
increasing among men since the 1960s. Accordirtata published in Cancer Incidence in Five
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Countries-VII, 10 registries in the world (7 of whiare in Europe) present cumulative incidence
rates for pleural malignancy in males higher th&npgr 1000. Female rates are one order of
magnitude lower than among men (Parkin, 1997).

Mesothelioma risk from domestic and environmentgosures has been studied in different
European countries. Compared to other environmeexglosures and to other outcomes,
ascertainment of mesothelioma occurrence conseqoi@mn occupational exposure to asbestos
is facilitated by the high specificity of the asgtion (Terracini, 2006).

Overall future incidence of mesothelioma (both doeoccupational and non-occupational
exposure) has been calculated by Peto et al iregsmwpean countries (Great Britain, France,
Italy, Germany, Netherlands and Swiss). Deathseapected to increase from 5000/year to
9000/year in 2018, reflecting the long latency bé tdisease. After that year, incidence is
expected to decrease.

Occurrence of pleural malignant mesotheliomas vgasssed in people who neither experienced
occupational exposure to asbestos nor were mawiéar known to live with) workers exposed
to asbestos in the workplace. The study was coeduct North Western lItaly, where a large
factory produced asbestos cement up to 1985. Ner atlajor activities related to asbestos have
ever been present in the area. Incidence of hgittdtly confirmed malignant mesothelioma
among residents (annual x 100,000; age adjusted)d&in men and 2.3 in women. In both
sexes, rates in 1985-9 were higher than in theigusvquinquennium. Corresponding estimates
for 1990-1 (based on unrevised diagnoses) suggesaisrates in men and women. Rate ratios
which are four to six times those measured by cotiweal Italian cancer registries can hardly
be totally explained by bias produced by lack abgnition of occupational or paraoccupational
exposure. The problem of proving this type of negatlata is common to other circumstances
of alleged cancer clusters of environmental (nazupational) origin (Magnani, 1995).

The contribution of exposure to asbestos throudferdnt routes in the development of
mesothelioma was assessed in a study conducetdorksiMre. Case-control study. 185
confirmed cases of mesothelioma and 160 control® udentified, when death had occurred
between 1979 and 1991 in four health districts iorkghire. The surviving relatives were
interviewed to ascertain lifetime exposure to asisesAdjusted odds ratios (ORs) of exposure to
asbestos (through occupational, paraoccupatiomal, rasidential routes) were calculated for
cases and were compared with controls. Likely aspamde occupational exposure to asbestos
was more common in cases than in controls (OR%%; confidence interval (95% CI) 3.1 to
10.1). After excluding those with likely or possbbccupational exposure, likely or possible
paraoccupational exposure was more common in d¢asescontrols (OR 5.8, 95% CI 1.8 to
19.2). Only six cases of mesothelioma were idesttifas being solely exposed to asbestos
through their residence, compared with nine costrdlhe OR for residential exposure to
asbestos varied between 1.5 and 6.6, dependinghochvpotential industrial sources were
included, but the 95% Cls were so wide that slightduced or greatly increased odds
comparing cases with controls could not be excludgsults support previous evidence that
occupational and paraoccupational exposure to #mbes associated with developing
mesothelioma. Despite a rigorous search, purelgdertal exposure seemed to account for 3%
of identified cases. No firm conclusion can be draout the risks from residential exposure
alone, as many of the study subjects could alse ba&en occupationally or paraoccupationally
exposed to asbestos. (Howel, 1999).

A population-based case-control study was carriatl io six areas from Italy, Spain and
Switzerland. Information was collected for 215 nhistologically confirmed cases and 448
controls. A panel of industrial hygienists assesssubestos exposure separately for occupational,
domestic and environmental sources. Classificaifatomestic and environmental exposure was
based on a complete residential history, presendaise of asbestos at home, asbestos industrial
activities in the surrounding area, and their diseafrom the dwelling. In 53 cases and 232
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controls without evidence of occupational expogorasbestos, moderate or high probability of
domestic exposure was associated with an increaseddjusted by age and sex: odds ratio
(OR) 4.81, 95% confidence interval (CI) 1.8-13.hislcorresponds to three situations: cleaning
asbestos-contaminated clothes, handling asbestteriahaand presence of asbestos material
susceptible to damage. The estimated OR for highagtility of environmental exposure (living
within 2000 m of asbestos mines, asbestos cemantsplasbestos textiles, shipyards, or brakes
factories) was 11.5 (95% CIl 3.5-38.2). Living betwe2000 and 5000 m from asbestos
industries or within 500 m of industries using atbe could also be associated with an increased
risk. A dose-response pattern appeared with irtiengiboth sources of exposure. It is suggested
that low-dose exposure to asbestos at home oreigeheral environment carries a measurable
risk of malignant pleural mesothelioma (Magnani@o

Reports of mesothelioma in people from asbestolitedl areas not occupationally exposed
suggest a particular susceptibility to the minditade. At the same time, they also raise doubts
about the existence of any threshold below which%A®f the exposed population is protected
from cancer effects (Montizaan, 1989).

Conclusions

People spend most of their time indoors in buildisgch as homes, offices, schools and day-
care centres. Thus housing and indoor environntents important public health consequences.
Important parameters in indoor environment inclegdposure to a large number of risk factors.
These parameters are affected by human-relatedti@stiand outdoor sources (such as vehicles
and industrial pollutants or local vegetation); lmexposure is modified by housing
characteristics such as building materials, veiditeand energy technology).

Assessment of the policy relevance of literature da

ETS

The adverse effects of exposure to environmenta@doo smoking (ETS) are well established
(Office of Environmental Health Hazard Assessm&005). Several studies have shown higher
risk of lung cancer associated with exposure tsigassmoke. ETS exposure occurs in private
households, work and public places. Studies coeduch the 90’s have elucidated the

relationship between exposure to ETS from spoudearg cancer risk and relative risks (RR)

have been provided, resulting in 1.36 for men a@@ for women (Boffetta et al, 1998).

Radon

It has been demonstrated by residential radonedutiat exposure to radon increases the risk of
lung cancer. It is estimated that for Europe radgated lung cancer deaths account for about 9
% of the total but estimates from U.S. studiesi{sutontribution to be in the 10-15 % range.

Even though the estimated excess relative rislofamft 16% per 100 Bg/fhwas found not to
vary with age, sex or smoking history, the absolutey cancer risk associated with unit radon
exposure is much greater for active smokers thahféong never smokers.

PM

Evidence is emerging that long-term exposure to tmncentration of PM is associated with
mortality.

Recent studies provide evidence of an associatetwden exposure to PM and increased
incidence of lung cancer. At the same time, a nundfestudies fail to confirm such an

association. The main problem affecting these tgpestudies is represented by exposure
assessment and its consequent role in cancer ¢eveid. The presence of a latency after

51



exposure in the onset of cancer also represenelegsment to be accounted for in the study
design. Further observations are hence requiredrtoborate the hypothesis of an increased risk
of lung cancer.

As to diesel exhaust exposure, there is evidenae ithmay pose a risk as to lung cancer
development. Exposure to cooking oil vapours arban coal burning has been shown to be
associated with an increased risk of lung cancer.

Asbestos

Environmental presence of asbestos is responsibliné onset of mesothelioma, a rare tumour,
in the general population. The possibility of angaission of asbestos fibres from buildings in
the environment represents a risk for the genayalifation; in particular for inhabitants of those

buildings characterised by the use of asbestdsein tonstruction.

Assessment of the relevance of indoor exposure tlisteold levels

ETS

The adverse effects of exposure to environmentadoo smoking (ETS) are well established
(Office of Environmental Health Hazard Assessm2005). Several studies have shown higher
risk of lung cancer associated with exposure tsigassmoke. ETS exposure occurs in private
households, work and public places. Several camtnave enacted legislation that prohibit
smoking in work and public places, but the interestards policies to address exposure in
households is more limited.

PM

As to PM, exposure threshold levels are not yetifipelly stated for indoor air. The American
Society of Heating, Refrigerating, and Air-conditiog Engineers (ASHRAE) has adopted, for
indoor air, the outdoor limits of the US-EnvironnenProtection Agency - National Ambient
Air Quality Standards (US-EPA-NAAQS), as concern 18NIL50 pug/m*24h). This value is
higher than the corresponding limit for outdoor airality reported by WHO (92), that is 50
ng/m*24 h. There are no indoor standards for,RBMVHO suggests, for outdoors, R§/m*/24

h and 10ug/m®/1 year respectively (WHO, 2000).

Radon

The most common residential radon reference leg#lgoused in EU countries is 200 B4/m
This reference level is a recommended value ambtisa mandatory regulatory level unlike an
Action Level such as 400 or 500 Bq/ior radon in workplaces set by some Member States
their implementation of the EU Basic Safety Stadddpirective (18).

WHO Air Quality Guidelines for Europe also suggistt building codes should include sections
to ensure that radon daughter levels do not exd®8dBqg/n? EER (Equilibrium Equivalent
Radon concentration) which is similar to a radoncemtration of about 200 Bg#m

Assessment of the potential of building envelope dnHVAC system to protect people,
including the susceptible individuals.

ETS

The results of the reviewed epidemiological studiesierline the relevance of preventative
policy to reduce indoor environmental risk factors.

Reduction of indoor air pollution requires a condtian of public health policy and protective

measures taken at individual levels. The actioasdhn be taken at political and industrial levels
are the elimination of sources of pollution, whepsgible, and substitution of materials and
equipment that are sources of pollution, with memeironmental-friendly materials.
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In Europe, to reduce ETS exposure, legislative smes (smoking ban or restriction in
workplaces or public places) have been adopted wostntountries, but no legislative
interventions can be made for home or other priwaeor environments, besides information
campaigns for the public on both health effectsnoipor pollution and maintenance of a healthy
indoor environment (to avoid smoking at home, usahganing products that do not emit
polluting substances, to ensure adequate ventlagittc.). The public-at-large is more conscious
of the negative effects of bad outdoor than indooguality.

Cost-effective measures and technology to impradear air quality, available guidelines and
legislation on indoor air pollution in Europe, apdtential action al EU and national levels are
well resumed in the report of The Towards Healthyi Dwellings in Europe (THADE).

Indoor risk factors are modifiable through improveentilation, moisture control to prevent
accumulation of moulds, control of the sources afypion, e.g., tobacco smoke (avoidance of
smoking indoors), combustion appliances, consumaytts.

Control Options

In order to decrease indoor air pollution, measwass be implemented with various types of
actions. These include mandatory and voluntarpaston international or national level.

Building codes and standards

As the buildings represent the largest share opgaty values in Europe it is natural that the
quality of buildings is controlled with Europeandanational building codes and standards. For
the construction industry the common European staisdwould be beneficial. Of course the
climatic and cultural differences should be consdein the standards and guidelines.
Prenormative work (ALA 2001, ASHRAE 62, ASHRAE GRIC2001, Bjorck 2002, Canadian
standard Z204-1994, CIB 2002, 1ISO 2002, CEN TC 2662, HB 2000, Jonsen et al. 1996,
Samuelsson 2000, Tuomainen 2002) done by res@astitutes, construction companies and
professional organisations is important in thisaamBuilding codes and standards are needed
specially:

- to improve ventilation and

- to control moisture in buildings.

Consumer information

A way to implement the measures is based on vatymtetions with education and information
campaigns. The patient associations like the mesd@eties of European Federation of Allergy
and Airways Diseases Patients” Association haviengortant role in implementing this type of
campaigns, however, the campaigns should be impi@den co-operation with professional
organisations and with government support. Goodeea&pce of this type of successful
campaigns is the Finnish Asthma Programme (AsthrogrBmme in Finland 1994-2004). The
programme has been effective. Mortality and daylsaspitalisation have decreased even though
percentage of asthmatic persons has increaseditddiol during the last twenty years. Shorter
campaigns like Swedish Indoor Climate Year 1999 Rimaish Indoor Climate Information and
Education Year 2002 have also been effective. Sefferts have also been done on the
international level. The campaigns should focus,not limit to the following actions:

- to limit the exposure to environmental tobaccolsen

- to improving cleaning and housing hygiene

- to avoid the use of carpets and other harmfulemals.
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PM

As to indoor generated particulate matter, measumetide the control of the source,
improvement of ventilation, better cleaning and $i0g hygiene and avoiding of carpets. The
use of vacuum cleaners and central vacuum cleayisigms should be encouraged, along with
the development of performance criteria for vacutleaners, the cleaning after or before the
operation hours of the schools and offices shoaldrcouraged.

RADON

In the case of an existing house found to be alsoeé a reference level remedial action might
involve the installation of a sub-floor sump coupte an extractor fan or some other appropriate
remedial technology, such as a radon membraneebato reduce soil gas radon entry to the
house living spaces (19). The cost of such remedian will vary considerably from one house
type to another but experience in some EU countnesld indicate that remediation costs
should be between € 500 and € 2000. In the cadetwfe houses the incorporation of radon
control building technologies into the constructisress costly than their retrofitting in existing
houses and would represent a very small fractiothefcost of new house construction. The
incorporation of such building technologies in madw houses is already part of the existing
building codes in some EU member states such Entt€20). While exposure to indoor radon
gives rise to a lung cancer risk this risk in piphe can be controlled or reduced. At the level of
an individual house it is technically feasible nhost cases, to ensure that the indoor radon level
is kept at or brought down below a reference oroactevel set by the national radiation
regulatory agencies.

Apart from these building technology aspects tlegeea number of different strategies that can
be adopted at a national level to control indodbrawith the objective reducing the lung cancer
risk associated with long term radon exposure.

These strategies may be divided into the follovilmge principal categories:

(1) Identification of houses with high radon levalsd the remediation of these houses. This is
rather like the concept often used in radiationtgmtion where a critical group of the most
exposed persons is considered a protection prianitythe main objective is to reduce individual
high risks. In most countries a house with an imdwalon level above 1000 Bgimvould be
classified as “high” as the estimated lifetime Iwamncer risk, even for a lifelong never smoker,
would be considered unacceptable by most standafrdsealth protection. On the basis of
European national radon surveys which show thatligteibution approximates closely to a log-
normal distribution the percentage of dwellingsmost EU states likely to have a radon level
above 1000 Bg/mwill be very low. For example in Ireland, where tmean indoor level is 91
Bg/m® it is estimated that in < 0.1 % of houses is #mon level above 1000 BgimDbviously
where high houses are found at random in an araaeholders should be strongly advised to
take action and the competent regulatory agentiesld carry out more detailed local surveys
to find other high houses that may be presentenattea. The problems and costs of finding all
high houses on a national basis would not appearast countries to be justified both from a
practical perspective and also from a costbengétysis perspective. On the otherhand having a
strategy to find high radon houses may be justiffread defined region known to have a high
radon potential due to its geological and soil abgeristics.

(2) As a consequence of the characteristics ohlmgral distributions and the fact that national
average indoor radon levels in the EU are mostlgvbd 00 Bg/ni the best strategy in principle
to reduce the collective risks, i.e. the radonteelanumber of lung cancers in the population,
should be to reduce the average indoor radon laevalcountry. For the existing housing stock
this is not a practical or cost effective optiomeTreduction of radon levels in new build future
houses by the introduction of appropriate radorvegmeative building regulations is perhaps
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therefore the only effective strategy that can dirae effectively reduce the national risk from

radon related lung cancer. In regions known to feahggh radon potential particularly stringent

radon prevention building regulations might be ideed.

(3) Due to the demonstrated synergism between ratddnsmoking in terms of causing lung

cancer a strategy that should be considered isuple radon reduction strategies with national
strategies aimed at reducing the consumption dadrettes. In most EU Member States where
there are well developed radon control policiesistume of the above strategy options (1) and
(2) are usually in operation together with rad@k rommunication programmes. However,

having a combined strategy of reducing smoking raldn exposure is presently not part of the
public health programme in any EU Member State.

ASBESTOS

The evidence of an association between mesothelianta asbestos exposure is clear and
highlight the need for total a ban of the fibre.Harope, Directive 1999/77/EC banned import,
export, manufacture and trade of any form of asisesthe main problem in Europe is now
related to the presence of manufactures or buildmgaining manufactures that have not yet
been removed.

In order to achieve the elimination of asbestososxpe, removal of the material from buildings
represents the main measure to be adopted.

In the presence of building materials containingeatos, a better cleaning and housing hygiene
is an advisable measure in order to avoid fibreosype.
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Abstract

COPD is a chronic respiratory disorder respondimi@ major burden to the society worldwide.
Although most COPD cases are current or former smspka not negligible proportion of the
disease also occurs in persons who have never sindkailable data in the literature indicate
that indoor pollution exposure largely affects remjpry health worldwide. Conservative
estimates show that between 1.5 million and 2 amlldeaths per year could be attributed to
indoor air pollution, with a significant proportiasf deaths due to COPD. In this review of the
scientific literature, we will describe relevanmidings on the association of non-smoking related
COPD with the exposure to more common indoor allupants, in adultsResults Most of the
findings relate to the association of COPD withgdbas smoke and, in developing countries,
biomass combustion exposure. Both these exposuoe® po be risk factors for non-smoking
related COPD. Mould/dampness exposure is associtedymptoms/signs that may be related
to the presence of COPD or its developméwnclusion In spite of an increased COPD
prevalence (predicted to further increase in thet iyears), and the evidence that other risk
factors than smoking may be associated with COP#Eldpment, we found relatively few
studies that assessed the association between @@&Dommon indoor air pollution in adult
general population. It would be important to impFoawareness on adverse health effects
possibly associated with biomass combustion-relateghollution even in developed countries
because of the increasing interest for wood andrdiiomasses as potential alternative energy
sources. It is evident that there is lack of infation about the relation of COPD with measured
indoor levels. Studies on this topic should be qrenkd to establish limit values for common
indoor exposures, and to better focus preventatitens.

Introduction

According to World Health Organization (WHO) esties COPD is the fifth leading cause of
global morbidity (110 million people are thoughtitave moderate-severe COPD) (WHO, 2007).
In 2010, the disease is expected to rank as nuthtes (Murray, 1996; Lopez, 2006). More than
3 million people died of COPD in 2005, which copesds to 5% of all deaths globally. Total
deaths from COPD are projected to increase by riwme 30% in the next 10 years, unless
urgent action is taken to reduce the underlying factors. WHO predicts that COPD will
become the third leading cause of death worldwid2d20 (WHO, 2004).

Several different definitions have been used forPOO Historically, it has been defined
symptomatically as chronic bronchitis, anatomicallg emphysema, or, most recently,
physiologically as airway obstruction (Halbert, BQ@azzola 2007). The American Thoracic
Society (ATS) and the European Respiratory Soci@RS) have defined COPD as “a
preventable and treatable disease state charactebg airflow limitation that is not fully
reversible. The airflow limitation is usually pregsive and associated with an abnormal
inflammatory response of the lungs to noxious pkesi or gases, primarily caused by cigarette
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smoking. Although COPD affects the lungs, it alsoduces significant systemic consequences”
(Celli, 2004).

Objective demonstration of airflow obstruction kpyiremetry is mandatory for a diagnosis of
COPD. Individuals with chronic cough/sputum produttcan be at risk for developing airflow
obstruction. These symptoms, as well as progressyapnoea, are common among COPD
patients, and they may precede the developmenitfdva limitation by many years. Thus, all
adult individuals (aged >40 yrs) with chronic colmtlegm/progressive dyspnoea, especially if
smokers, should be carefully evaluated (Celli, 2004

Variable definitions and lung function criteria f@OPD have made it difficult to quantify the
prevalence of the disease around the world (ViggD6; Lundback, 2003; Anto, 2001). In
addition, a large proportion of patients with CORDthe community remain undiagnosed. In
US, about 90% of subjects with undiagnosed airftdstruction had mild impairment and 10%
moderate to severe impairment (Coultas, 2001). pair§ among the subjects with airflow
obstruction, previous diagnosis of COPD had beedema only 21.7% of cases (Miravitlles,
2005), and in UK 18.8% of COPD people were undiggdo(Shahab, 2006). The under-
recognition and under-diagnosis of COPD lead toiBgant under-reporting.

Halbert et al (2006) have recently published a ttaive summary of the world literature on

COPD prevalence, with estimates for COPD in impurgubgroups defined by age, smoking
status, sex, WHO region, study setting (urban aalyuand quality study. It was not possible to
locate any spirometric studies reporting COPD penae in the African or Eastern

Mediterranean regions. The pooled prevalence has baluated 7.6%, 4.5% in Americas,
11.4% in South-East Asia, 9.0% in Western Pacé#it] 7.4% in Europe. The European Lung
White Book (2003) reports the prevalence of clittyceelevant COPD varying in Europe from 4

to 10% of the adult population.

Active smoking is the most important risk factor €@OPD. It has been estimated that about 70%
of COPD related mortality is attributable to cigé@esmoking (Ezzati, 2003). Other risk factors
than smoking may play an important role in pathegehand development of chronic bronchitis
and COPD (Slowik-Gabryelska, 1998). There is enoegldence that poverty, nutritional
factors, age, familial and genetic factors, airwagper-responsiveness, childhood infections,
passive smoking, specific occupational exposurdédamur and indoor air pollution are risk
factors that increase the probability of developmgvay obstruction, independent from smoking
status (Annesi-Maesano, 2006).

Although the majority of COPD occurs in currentfammer smokers, a not negligible proportion
of the disease also occurs in persons who have seweked.

Halbert et al estimated a pooled prevalence of C@RDBnosis of 9.2%, in adults over 40 years
and of 4.3% (95% Confidence Interval, Cl 3.2-5)niever-smoker subjects (Halbert, 2006).
Recent analyses on the Third National Health anglitun Examination Survey (NHANES Il1)
data reveal that never smokers represent a signifiproportion of airway obstruction in US
adults (23% of obstructed subjects), and only afte bf the obstruction in this group is
explained by presence of asthma (Celli, 2005). Redwy a recent Japanese Study indicate
airflow obstruction in 5.8% of never-smokers (Fukiic2004). Also in Europe it has been
observed a sizeable proportion of never-smoker lpeafith COPD, defined by either airflow
obstruction or presence of chronic bronchitis/ensginya. In Spain, the prevalence of COPD in
never-smoker people resulted 4.1% (Pena, 2000)23%dof COPD subjects had never smoked
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(Miravitlles, 2005). The prevalence of obstructiarifelong nonsmoking subjects was 8.7% in
UK (Shahab, 2006), 12% in Poland (Zielinski, 2008)d even 20.4% in Austria (Schirnhofer,
2007). In Italy, COPD in never-smokers of a genegpapulation varied when different
spirometric criteria for defining COPD were used. i&sing the ERS criterion (FEX/C <88%

of predicted in males or <89% predicted in femal€)PD prevalence was 10.1% in males and
10.4% in females; by using the GOLD (Global Initiatfor Chronic Obstructive Lung Disease)
criterion (FEVW/FVC<70%) COPD prevalence was 15.1 in men and itdf@&males (23). In non-
smoker adult Swedes, the prevalence of COPD véamed 3.4 to 24.5%, according to different
spirometric cut-off points for COPD (Lindberg, 2005

Chronic cough/phlegm was present in 16% of neveskamlitalian women selected by a general
population sample (Simoni, 2007). Other Italiandyton young adults of the general population
showed that 30% of the subjects with chronic copiglegm were never-smokers (Cerveri,
2007). In Finland, about 50% of the women with ciicobronchitis/lemphysema had never
regularly smoked (von Hertzen, 2000). In Swedemrmie bronchitis/lemphysema was present in
about 10% of the general never-smoking populatidongnemery, 1998).

Indoor air pollution

Indoor exposure more frequently occurs at homegsacial private/public settings, or in
workplaces. Indoor environments contribute sigaffity to human exposure to pollutants,
because people spend most of their time indoorday,andoor air pollution is globally ranked
tenth among the preventable risk factors causimgdsuof disease (Viegi, 2004).

Common indoor pollutants and related sources arersarized in Table 1.

Available data in the literature indicate that ind@ollution exposure largely affects respiratory
health worldwide. Conservative estimates showbeawveen 1.5 million and 2 million deaths per
year could be attributed to indoor air pollutionittwa significant proportion of deaths due to
COPD (29).

Table 1.Main indoor pollutants and related sources (VieggD4).

Type Pollutant Typical sources
Carbon monoxide (CO) Gas ranges and pilot lights, unvented
Combustion products: kerosene and gas heaters, wood and coal
combustion, tobacco smoke
Nitrogen dioxide (N§) Gas ranges and pilot lights, unvented

kerosene and gas heaters
Respirable Particulate Mattetobacco smoke, wood and coal

(PM) combustion, fireplaces
Environmental Tobaccadlobacco cigarettes and cigars, pipes
Smoke (ETS)
Volatile organic - Aldehyde (formaldehyde) Furniture, solvents, paints, adhesives,
compounds (VOCs) - Aliphatic  halogenated cleaning products, tobacco smoke,
hydrocarbons insulation materials
- Aromatic hydrocarbons
- Terpenes
Major indoor allergens Acarids
House dust mites Dust, bedding, carpeting
Pets:
Cats or Dogs Dandruff
Birds Feathers
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Insects:

Cockroaches Floors
Fungi (moulds) Dampness
Pollens Plants
Rodents Mice

The aim of this paper is to describe relevant figdi available in scientific literature, on the
association of non-smoking related COPD with th@osyre to more common indoor air
pollutants, in adults.

Methods

We performed a review of the literature by focusiog COPD, defined as either airflow
obstruction or chronic bronchitis/emphysema. Chr@ough or phlegm and dyspnoea have been
also considered as health outcomes. Longitudindies have confirmed that cough/phlegm are
linked to higher risk for COPD development. In theropean Community Respiratory Health
Survey (ECRHS), in subjects with chronic cough/ghieboth at baseline and at 8-years follow-
up, the incidence of COPD was four-fold higher tiharsubjects who had never reported these
symptoms at baseline (de Marco, 2007). Lindbergj,ettho prospectively studied the incidence
of COPD in people with normal lung function (FE\forced expiratory volume in one
second)/FVC (forced vital capacity) ratid 70%) at baseline, concluded that bronchitis
symptoms and dyspnoea were significant risk factmrsleveloping COPD, and they persisted
after adjustment for possible confounders (Lindb2a§5).

We mainly considered studies on the health effetiadoor air pollution to which the general
population may be commonly exposed. Specific indmmupational exposures, that regard only
some groups of workers, have been considered oatgimally.

Results

In general, we found that few studies investigabedassociation of non-smoking related COPD
with indoor air exposure. Most studies assesseddlaionship between COPD and specific
occupational exposure, or the health effects of EXjgosure. Biomass combustion was widely
investigated as risk factor for COPD, in developaoogintries. Few studies evaluated the effects
by directly measuring levels of pollutants. Infotitoa on such exposure has been more likely
collected by interview with questions on the preseof known sources of indoor pollution.

Prevalence and incidence of COPD

Environmental tobacco smoke (ETS)

ETS is produced by tobacco combustion and contaias 4,500 compounds in both vapour and
particle phases, many of them being known carcinegad irritants. ETS is a common major
source of indoor PM. Significantly higher concetitm of PM has been measured in indoor
places where people smoke than in smoke-free indagironments. The effects of passive
smoking have been widely investigated (Viegi, 20@Bsed on the evidences in the literature,
the US Environmental Protection Agency (US EPA)9@Pconcluded that ETS exposure may
increase the frequency of respiratory symptomgdints, and that these effects are estimated to
be 30-60% higher in ETS exposed compared to unexpbosnsmokers. Between 10 and 50% of
European adults are exposed to ETS (Janson, 208fssdn, 2003). Preventable policy
legislation has been applied in several countiesetiuce ETS exposure at work and in public
settings, but no legislative intervention has sobeen made in dwellings. In addition, a study
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performed in some European cities shows that, evetaces where smoking is prohibited, the
concentration of nicotine indicates that some res&l of tobacco smoke can still be found
(Nebot, 2005).

Table 2 shows studies on the relation of ETS wi@PO in never smokers. Chronic bronchitis
was the diagnosis more frequently linked to ETSosupe, and the highest risk was reported for
never smoking Chinese women exposed to ETS bathiidhood and adulthood.

Table 2. Association between ETS and COPD in never smokedtsadOR=o0dds ratio,
Cl=Confidence Interval).

Author, Source $ample) Country Exposure Disorder OR 95% ClI
Simoni M, Respir Med 2007 Italy at home and Dyspnoea 1.61 1.20-2.16
(women) work CB/emphysema 2.24 1.40-3.58
Cough/Phlegm 1.52 1.07-2.15
Jindal SK, Indian J Chest Dis India any CB 1.40 1.21-1.61
Allied Sci 2006
David GL, China in childhood CB 2.87 1.58-5.22
Thorax 2005 and adulthood Chronic Phlegm 2.38 1.82-3.12

Chronic Cough 2.80 1.61-4.87

Larsson ML, Eur Respir J Estonia  outside home Dyspnoea 1.65 1.20-2.27

2003 CB/Emphysema 1.54 1.13-3.00
Radon K ,Chest 2002 German at work CB 1.90 1.16-3.11
Iribarren C, J Epidemiol US at home or inChronic Cough 1.60 1.22-2.10
Community Health 2001 other places Emphysema 3.02 1.22-7.34
(men))

Jedrychowski W,Int J Occup Poland any Dyspnoea 2.23 1.45-3.44

Environ Health 1995
(elderly women)

Leuenberger PAmM J RespirSwiss any Dyspnoea 1.45 1.20-1.76
Crit Care Med 1994 CB 1.65 1.28-2.16
Dayal HH us at home ORD 1.86 1.21-2.86

Environ Res 1994

CB=Chronic Bronchitis; ORD=obstructive respiratdigeases.

A recent review of the literature estimated thelpdaisk for chronic cough in never smokers
heavily exposed to ETS: Odds Ratios (ORs) werelainm both men (1.60, 95%ClI 1.22-2.10)
and women (1.68, 1.17-2.34) (Groneberg-Kloft). 8igant relations between ETS exposure
and COPD development have been found in the eldty with an OR range of 1.68-5.63
(Jaakkola, 2002). A French study on never smokalt@fbund a significant inverse association
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between ETS exposure and both FVC and EFBEMth a decrement of 3.16% and 2.90%,
respectively, in exposed subjects. To be exposelT® at home or at work represented an
increased risk for abnormal low FVC (OR 2.71, 16085) (Alipour, 2006). Also in Scotland
there was evident decrement of FVC and FHVnon smoker subjects exposed to ETS, when
compared to unexposed ones (Chen, 2001). A dope#rss effect was reported by Eisner et al,
in a study on the general population in the USAoalc bronchitis/emphysema/COPD resulted
associated with higher ETS lifetime exposure at @q@R 1.55, 1.09-2.21) or at work (1.46,
1.08-1.96), after controlling for smoking historgdasocio-demographic characteristics (Eisner,
2005). A significant dose-related increase in bk for developing dyspnoea has been observed
in young adults for an average exposure of 10 ettgs/day (OR 2.37, 1.25-4.51) (Jaakkola,
1996). At last, among never smoker Chinese addlt§ exposure at home for 40 hours/a week,
for more than 5 years, resulted associated witheased risk of COPD (FEXFVC<70%)(OR
1.60, 1.23-2.10) (Yin, 2007).

Biomass fuels

Indoor air pollution from biomass (wood/coal) use &ither cooking or heating is an important
risk factor for COPD, especially in women. About%®f world's households burn these
products for cooking in open fire or with ineffiaestoves in poorly ventilated rooms (Schwela,
1997). It occurs especially in developing countrigere the production of PM and CO (a proxy
for PM,5) by biomass combustion is dramatically high (Nag2€01). Through an extensive
review of epidemiological studies around the wotte, estimation of the risk by biomass use for
COPD results in in RRs of 1.8 (range 1.0-2.8) inemand 3.2 (2.3-4.8) in females (Smith,
2002). In the USA, the presence of coal stove as®d the risk for chronic inflammatory and
obstructive respiratory symptoms, in non smokedtadwith OR ranging from 1.8 to 3.3 (C.I.
1.0-5.9) (Xu, 1993). A selection of studies conasgrthe association of biomass fuel use with
COPD is reported in Table 3.

Table 3. Association between biomass fuel and COPD in ad{R=o0dds ratio,
Cl=Confidence Interval).

Author -Source Country  Exposure Health outcome OR  95% CI
(sample)

Liu S, Thorax 2007 China biomass fuel FEV./FVC<0.70 3.11 1.63-5.94
(never smoker women)(54)

Orozco-Levy M,Eur Respir J Spain wood andDyspnoea 1.45 1.20-1.76
2006 (women)(55) charcoal smoke CB 1.65 1.28-2.16

Ekici A, Environ Res 2005  Turkey biomass vs GPLFEV,/FVC<0.70 2.5 1.5-4.0

(women) (56) orCB

Golshan MRespir Med 2002 Iran biomass fuel CB 2.91 2.08-4.40
(never smoker women)(57)

Dennis RIChest 1996 Columbia wood-smoke FEXFVC<0.70 3.9 1.7-9.1
(women)(58)

Xu X, Rev Respir Dis 1993 China Coal stove use:

(non smaokers)(53) for both Chronic Cough 1.8 1.0-3.3

63



cooking and Chronic Phlegm 2.0 1.2-3.4
heating

CB=Chronic Bronchitis; FE\=forced expiratory volume in one second; FVC=foregdl capacity.

Most studies have been performed in developing tt@sn mainly on women. Biomass fuel use
was associated with airflow obstruction in womernnly in Turkey, Columbia, and China. In

Turkey, after adjusting for possible confoundingtdas, the risk for COPD, defined either as
FEV1/FVC<0.70 or chronic bronchitis, was higher in womesing biomass fuel than in those
using GPL (liquid petroleum gas), and the attriblggraction of COPD to biomass smoke was
23.1% (Ekici, 2005).

In addition (not shown in Table 3), other two stslperformed in Turkey found: 1) women
exposed to biomass fumes suffering more likely frdmonic bronchitis and COPD than those
unexposed, even though the prevalence of curreakisign was higher among the latter (Kiraz,
2003); 2) never smoker housewives exposed for arsyto biomass fuel being at higher risk
for developing COPD than those never exposed (BR, .17-20.18) (Sezer, 2006). In Mexico,
the exposure to biomass smoke has been associdtedhnonic bronchitis and chronic airflow
obstruction, in adults. Among never smoker wombansé exposed to wood smoke had a five-
fold risk as compared to the unexposed (Perez{Ba@ld99), and women exposed domestically
to biomass developed COPD with clinical charactiessquality of life, and increased mortality
similar in degree to that of tobacco smokers (Ramivenegas, 2006). In China, coal smoke
derived from home heating was associated with &delvaeporting of persistent cough and
phlegm (Qian, 2007).

Recently, Orozco-Levy et al (2006) have evidended biomass fuel may be a risk factor for
COPD also in Europe. In their Spanish case-cordtotly in women, exposure to wood or
charcoal smoke was associated with COPD after @gudor age and smoking. Wood or
charcoal alone independently increased the risK@PD (OR 1.8 and 1.5, respectively), but
only the combination of both was statistically sfgpant. The association between length of
exposure and COPD suggested a dose-response pattern

Mould/dampness

Building dampness may lead to emission of odorousrrgation compounds from micro-
organisms or chemical degradation of building makgrsuch as formaldehyde (VOC).

Reported prevalence rates of home mould/dampnege maidely around the world: from 10 to
up 50% (Simoni, 2005).

There is evidence that long-term exposure to mdaldpness is linked to higher risk for cough,
phlegm, or dyspnoea, in adults. Dales et al, inadam adults, found that dampness/moulds
were associated with respiratory symptoms, inclgadiough, phlegm, or dyspnoea, with an OR
of 1.62 (1.48-1.68) (Dales, 1991).

1. The Institute of Medicine (IOM) of the National Ademy of Sciences has published, in
2004, a critical review of the scientific literagupertaining to the association of indoor dampness
and mould contamination with adverse health effbtp://books.nap.edu/catalog/11011.Html
Recently, through a quantitative meta-analysis h& studies reviewed by IOM, Fisk et al
estimated the pooled OR for cough in adults to.ke £1.27-3.47) (Fisk, 2006).
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Table 4 reports details of the studies consideneithé meta-analysis. All the studies have been
performed in European Nordic countries. Anothedgtperformed on Swedish adults found, by
meta-analysis, that an exposure of at least 3 yiaamp or mouldy odour at home was
associated with persistent cough with OR rangiogf1.32 to 5.86 (95%CI from 1.22 to 6.19)(
Engvall, 2001).

Table 4. Association between mould/dampness at home andhfuhiggm in adults (OR=0dds
ratio, Cl=Confidence Interval).

Author -Source Country Exposure Disorder OR 95% CI
(sample)
Brunekreef BAllergy 1992 Netherland damp Chronic Cough:
men 2.56 1.94-3.38
women 1.75 1.30-2.36
Chronic Phlegm:
men 2.56 1.94-3.38
women 1.66 1.16-2.38
Gunnbjornsdottir Ml Sweden  visible mould/ Chronic Cough 2.23 1.24-4.00
Respir Med 2003 water damage
(youg adults)
Koskinen OM, Eur Respir J Finland mould Cough 1.60 1.01-4.01
1999
Pirhonen |, Eur Respir JFinland mould/damp CB 1.51 0.96-1.35
1996 Cough 1.37 0.99-1.88
Phlegm 1.36 1.01-1.85

CB=Chronic Bronchitis.

Gas/kerosene fuels

Some studies have evidenced associations of COBDgas/kerosene fuel use for both heating
or cooking. Gas/kerosene combustion mainly produitesgen dioxide and carbon monoxide.
In UK, decrements in FEM(-70mL) and in FVC (-35mL) have been observedanng adults
using gas fuel when compared to those using etdgtifior cooking (Moran, 1999). In Poland,
never smoker elderly women exposed to high gasiogahowed an elevated risk for dyspnoea
(OR 7.16, 5.02-10.2) (Jedrychowski, 1995). In U8rokene heaters use in never smoking
women living in non smoking households was assediatith increased cough (OR 1.05, 1.01-
1.09)(Triche, 2005). In ltaly, in a rural generapplation sample, the use of bottled gas for
cooking was related to higher risk of chronic courgimales (OR 1.66, 1.12-2.46) and dyspnoea
in males (OR 1.81, 1.15-2.85) and females (OR 1148)-2.10)(Viegi, 1991). The association
between chronic cough and use of bottled gas,ddsté natural gas, was also confirmed in
Italian male non smokers of a urban general pojpunlglOR 2.82, 1.12-7.10); the presence of
stoves for heating (mainly non-natural gas stoiresjle the home was a risk factor for attacks of
shortness of breath in non smoker women, when credga those who lived in dwellings with
central heating (stoves outside the home)(OR 1..22.-2.65)(Viegi, 1992).

65



Objectively measured indoor pollutants and COPD

As above reported, few studies on the relationshgisveen COPD and indoor pollution were
based on direct measurements of pollutants coratemis, except for specific occupational
exposure. In Mexico, non smoking rural women, logign exposed, when cooking, to peaks of
PMyo > 2.6mg/ni , showed a borderline significantly higher risk faving FEM/FVC <70%
and FE\[<80% predicted (OR 3.5, 0.94-16.3) than those esgha® lower concentration
(Regalado, 2006 In China, in those exposed to elevated indoorH&Vel, higher prevalence of
chronic cough and phlegm (Venners, 2001) and adveffects on lung function have been
observed (Pan, 2002). Effects on lung function Haaen found in Italy, too. In an adult general
population, the exposure to high concentration b, Presulted in both increased maximum
amplitude (OR 1.38, 1.24-1.54) and diurnal varat{®.37, 1.23-1.53) of peak expiratory flow
(Simoni, 2004).

Occupational exposure

A brief comment has to be devoted to specific oatiopal exposure. Even if it involves only
specific groups of persons and can not be defiseagbenmon indoor air exposure for the general
population, it often occurs in indoor environmer@&cupational exposure is an important risk
factor for COPD independently of tobacco smoke, sawkral studies report a causal association
between specific work-related exposures and CORIt Br chemical agents to whom some
categories of workers are exposed result in inflaton, a key factor in the pathogenesis of
COPD. Chronic inflammation throughout the airwayarenchyma, and pulmonary vasculature
are hallmarks of the disease process and leacetpdthologic changes characteristic of COPD
(Ramsey, 2006). Blanc and Toren (2007), in thememn¢ review, estimated a population
attributable risk (PAR) of 15% due to occupatiofedtors, when the outcome analyzed was
either chronic bronchitis or airflow obstructiorhds, they have confirmed the figures previously
published by the ad hoc committee of the ATS (Baln2903). In Spain, among the workers in
the textile industry, lung function impairment rééed related to exposure duration, being
independent of the effect of smoking (Jaen, 2008}ta from the ECRHS Study showed that
occupational exposures to dust/fumes, vapours, & w@ere risk factors for chronic
cough/phlegm (relative risk ratio (RRR) 1.47, 1B65) and for COPD (by GOLD criteria, 1.62,
1.24-2.12), also after adjustment for sex, ETS sMp®m smoking status, socio-economic status,
and respiratory infection (de Marco, 2004). Thedpaan Farmer Study (Denmark, Germany,
Switzerland, and Spain), found a COPD prevalenc&78b in never-smoker farmers working
inside animal confinements buildings, and highek rfor having COPD in subjects highly
exposed to indoor dust (OR 6.6, 1.1-39.5) (Mo288®4). Finally, in Poland, among the workers
in a pesticide producing factory, chronic bronai@mphysema or COPD (by GOLD criteria)
was more prevalent in exposed to pesticides thanéxposed ones (19.3 vs 3%)(87).

COPD Exacerbations

Acute exacerbations that increase both morbidity mortality are common among the subjects
with diagnosis of COPD. Exacerbations are accongahby increased specific symptoms (i.e.
dyspnoea or phlegm), and frequently require medm@rvention or hospitalization. Studies
report significant relationships between acute erzations of COPD and exposure to increased
levels of outdoor particulate pollution. Considgrthat indoor levels of PM may be several fold
higher than outdoors, high indoor levels of PM niigh associated with COPD exacerbations,
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too. Indeed, among Spanish COPD patients, ETS obtiee major sources of indoor PM - was
associated with increased hospital readmission GQPD exacerbations (OR 1.63, 1.04-
2.57)(Garcia-Aymerich, 2003). A similar result wiasnd in a study on US never smoker adults,
who were more likely to report exacerbation of cicorespiratory disease (including chronic
bronchitis and emphysema) when they were exposdfll® (OR 1.44, 1.07-1.95) (Mannino,

1997).

Socio-economic impact of COPD

Both tangible and intangible costs (convertible amah convertible in monetary terms,
respectively) of COPD are relevant. Tangible costslude direct costs (e.g. diagnostic
procedures, treatment, visits, hospitalizationpgfers for examinations/hospitalization.....) for
the National Health Systems, and indirect costss(lof productivity) for the society. The
European Lung White Book (2003) reports that thaltannual tangible cost in Europe is 38,7
billion, mostly due to lost work days (73.6% versii2% for ambulatory care, 7.4% for
hospitalizations, and 6.9% for drugs). Intangibi¥ets are due to distress and suffering caused by
COPD (patient's self-perception of health statud gunality of life) are relevant, too. For
example, in lItaly, elderly subjects with COPD, whesmpared to those without the disease,
reported significantly higher prevalence of activitmitation (65.7 vs 13.6), COPD related
symptoms (56.6 vs 12.4), and disease impact ontgudllife (51.1 vs 10.6)(90). In a recent
multicentric study performed on Spanish COPD péadietne activities of daily living that were
mostly affected were sport and leisure (major inpaported by 52.5%), habitual physical
activity (30.3%), and sex life (20.2%)(Alvarez-Gartiez, 2007).

This is to point out that the social and economiden of COPD on patients and society may be
underestimated because of under-diagnosing.

Indoor pollution Standards

Control modern technology to assess indoor airityué available for all common indoor
pollutants. Unfortunately, studies on the relatomiween COPD (or other respiratory diseases)
risk and directly measured concentration of indqoafutants, are still poor. Thus, some exposure
threshold levels are not yet stated for indoor specifically. The American Society of Heating,
Refrigerating, and Air-conditioning Engineers (ASAR has adopted, for indoor air, the
outdoor limits of the US-Environmental Protectiomehcy - National Ambient Air Quality
Standards (US-EPA-NAAQS), as concern 8150 ug/m*/24h) , NQ (100 ug/m*/1 year), and
CO (35 ppm/1 h, 9 ppm/8 h). These values are hitftar corresponding limits for outdoor air
quality reported by WHO (92), that are f§/m*/24 h for PMo, 40 ug/m*/1 year for NQ , and

25 ppm/1 h for CO. There are no indoor standard$”fd,s. WHO suggests, for outdoors, 25
ug/m/24 h and 1Qug/m*1 year respectively (WHO, 2005). As regards tepttommon indoor
pollutants, such as formaldheyde or moulds, ASHRApRorts specific indoor standards (100
mg/nt/30 min and 150 CFU/M- Colony Forming Units — for formaldheyde and nusyl
respectively).

Prevention
The results of the reviewed epidemiological studieslerline the relevance of preventative
policy to reduce indoor environmental risk factdos respiratory diseases. For instance, as

indicated by PAR%, the elimination of home/work E&&osure would abate the risk for COPD
of about 12% (9% for chronic cough/phlegm) in Halinever smoking women (Simoni, 2007).
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A study performed in the USA found that, by eliming work exposure to
gas/vapors/fumes/dusts, the incidence of COPD woellceduced of 30% (Trupin, 2003).
Reduction of indoor air pollution requires a condtion of public health policy and protective
measures taken at individual levels. The actioas¢hn be taken at political and industrial levels
are the elimination of sources of pollution, whepsgible, and substitution of materials and
equipment that are sources of pollution, with memgironmental-friendly materials. In Europe,
to reduce ETS exposure, legislative measures (smgddan or restriction in workplaces or public
places) have been adopted in most countries, blkgislative interventions can be made for
home or other private indoor environments, besidef®rmation campaigns for the public on
both health effects by indoor pollution and maimtece of a healthy indoor environment (to
avoid smoking at home, using cleaning products dlbatot emit polluting substances, to ensure
adequate ventilation, etc.). The public-at-largensre conscious of the negative effects of bad
outdoor than indoor air quality.

Cost-effective measures and technology to impradear air quality, available guidelines and
legislation on indoor air pollution in Europe, apdtential action al EU and national levels are
well resumed in the report of The Towards Healthy iA Dwellings in Europe (THADE)
(http://www.efanet.org/activities/publications).

Indoor risk factors are modifiable through improveentilation, moisture control to prevent
accumulation of moulds, control of the sources afytion, e.g., tobacco smoke (avoidance of
smoking indoors), combustion appliances, consunmeytts.

Our review clearly shows that there is a shortagevadence-based information about COPD
indoor determinants in order to better focus préatére actions. Based on currently available
data it is impossible to establish safe limit valder common indoor exposures. Indoor and
outdoor environments may differ in both chemicatl gsthysical characteristics (temperature,
humidity...). The concentration of some pollutantsyrbe much higher inside than outside the
buildings (e.g. PM, moulds, VOC) and some polligamiay be specifically found indoors (e.g.
ETS). Complex interrelationships of different ptdints at different concentrations in indoor and
outdoor air may result in different health effeqiarticularly in more susceptible individuals, as
well as elderly or diseased people, that spend ofdkeir time inside the buildings.

Studies should be performed in general populatiamptes on the relationship between
respiratory health, including COPD, and measureldan levels, taking into account exposure
time and exposure variability. The European Uniooutd assign research funds to address these
issues. More data are needed about the effecteating and ventilation systems, cooking
appliances, ventilation rates and moisture conakticand on the effectiveness of remedial
measures.

Conclusion

In spite of increased COPD prevalence (and itsigiedl increasing in the next years), and of
evidence that other risk factors than smoking mayabsociated to COPD development, we
found relatively few studies that assessed thecessmn between COPD and common indoor air
pollution in adult general population, except foudes on ETS and, in developing countries,
biomass combustion exposure. Both these exposuoe® po be risk factors for non-smoking
related COPD. It would be important to improve aavesss on adverse health effects possibly
associated with biomass combustion-related aiupoh even in developed countries because of
the increasing interest for wood and other bionsmsse potential alternative energy sources.
Mould/dampness exposure results associated to symsfgigns, which may be related to the
presence of COPD or its development.

To conclude, it is evident that there is lack diormation about the relation of COPD with
measured indoor levels. Studies on this topic shbel performed to establish limit values for
common indoor exposures, and to better focus ptatrea actions.
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Airborne respiratory infections
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Introduction

Except skin, the respiratory tract is the only hanmagan directly affected by (indoor) air.
Therefore it is understandable, that all pollutdrdsn the air can evoke any trouble especially in
susceptible people. Microbiological contaminatiohamy environment is common and also
indoor air or environment is rich in different notres and it doesn’t make too big difference if
pathogenic or not as we must assume, that in commbyor environment will occur many
people with immunodeficiency either due their aggefng people’s immune system is mostly
weakened), their illnesses (e.g. hereditary matfancof immune system or acquired immune
malfunctions) or their treatment ( people afternggaantations, with lymphomas or other
cancers). These so called immunocompromised pdmglevith us, we are able to safe their
lives in hospitals, so we have to guard them iarcenvironment, not only hospitals but also in
their homes, office buildings, schools etc.

Table 1: Worldwide mortality due to infectious dises (WHO, 2004)

Cause of death Deaths 200% all deaths
(millions)
All infectious diseases 14.7 25.9%
Lower respiratory infections | 3.9 6.9%
HIV/AIDS 2.8 4.9%
Diarrhoeal diseases 1.8 3.2%
Tuberculosis (TB) 1.6 2.7%
Malaria 1.3 2.2%
Measles 0.6 1.1%
Pertussis 0.29 0.5%
Tetanus 0.21 0.4%
Meningitis 0.17 0.3%
Syphilis 0.16 0.3%
Hepatitis B 0.10 0.2%
Tropical diseases (6) 0.13 0.2%
Other causes of death include:
maternal and perinatal conditions 5.29%
nutritional deficiencies 0.9%
?coannccoer:],n(:;?cii(i::\?;zcu lar d isc;c;r;dei;i;nr ) 58.8%
injuries 9.1%
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In second third of the 30century people believed that infectious diseasesiader control. We
had got antibiotics that worked very well; vaccioat programmes had fantastic effect on
elimination some diseases or at least decreasedidar of severe complications and total
number of diseased people, especially in develmoechtries. One of the major killers of the
world of the past centuries — smallpox — was evadieated in the end of 70-ties.

Unfortunately beginning of eighties brought a névaltenge — unknown infection agent — HIV.
Other new topic followed: SARS. In last severalrgaae are threatened with the potential avian
flu mutation into epidemic one.

It seems that the Nature is still one step aheddndren we are sure of our victory, somewhere is
hidden at least one new future problem. Some detlpgoblems are results of human’s activity,
medical efforts or non- responsibility like bacédstrains resistant to antibiotics or Legionnaire'
disease.

Regardless of our achievements on the field ofcirdas diseases, there are still substantial
proportions of people dying of various infectiousedses (tab.1). And some of these threats are
airborne infections transmitted in indoor enviromme

Basics Of Infectious Diseases

Infectious agents are either obligatory pathogemsrpbial agents capable of causing disease) or
facultative pathogens. In fact we cannot say thgtagent it NOT a pathogen as for some people
and in some “concentration” (infectious dose) ibgd be (e.g. for immunocompromised
people), so we prefer to call them facultative pgtns.

Transmission of these agents should be directdiract from the source. Let take into account
mostly the indirect transmission from the uniquarse: human being. Other possibilities will be

mentioned later. Whether in clinical settings, hepsehools, colleges, office buildings, theatres,
or airplanes, as long as infected people couglezeeshout, sing, or talk, they can discharge
pathogen-filled droplets from their noses or mouthAssingle sneeze alone can expel many
thousands of infectious respiratory droplets ihi air.

Indirect transmission is mediated by contaminatéjeais (of daily use like towels), by
inoculation (e.g. by instruments), by alimentaryyvead by droplets & air — airborne infection.
Although transmission via droplets is considerebdedirect transmission, we can add them, for
our purposes, among transmission by air. More dveplets larger than 100um depending on
their resistance to the environment can createaconfited dust. Smaller droplets can stay in air
for longer or shorter time. The smaller are theptets, the further it may be carried from the
source. Small respiratory droplets that becomesaéised when people sneeze, cough, laugh or
exhale can be carried by air. In addition wateptets aerosolised through air conditioning units
may also spread infections. Aerosolised dropletaghan the air and are able to travel
considerable distances.

With airborne transmission, direct contact with gsome who is infected is not necessary to
become ill. The amount of exposure necessary vémes disease to disease. Many airborne
pathogens are adapted to spreading in indoor enwieats, where the temperature, humidity and
protection from sunlight protect them in their egpd and vulnerable period when they transmit
from one person to the next. For airborne infedithe main entrance of the infectious is the
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respiratory tract, but for some other it could bg. éhe lesion of skin (skin infectious e.g.
furuncle) or mucosa (other than in respiratorytjrac

Table 2: Infectious diseases — transmission.

Disease Infectious agent  Course of illne3sansmission | Survival in
indoor
environment

Upper- Mainly viruses | Mild Airborne 4 Short

respiratory droplets

tract

Exantematic Viruses Mild (to severe) Airborne -Short

droplets

Lower Viruses, Mild to severe Airborne  Short

respiratory bacteria, etc. droplets

tract

Pneumonia Viruses, Severe Airborne  Short (to long)

bacteria, etc. droplets

Tuberculosis Mycobacterium | Severe Airborne - Long

tuberculosis, droplets
aviarum etc.

Legionnaire's | Legionella Severe Airborne - Long (in water)

disease pneumophila droplets

Pontiac fever | Legionella Mild Airborne - | Long (in water)

pneumophila droplets

Pandemic flu Influenza virus | Mild to severe Airborne - Short

droplets
SARS SARS Severe Direct contact,Long?
coronavirus airborne, Re-
droplets, oral{ aerosolization
fecal
Anthrax Bacillus Severe Airborne +Very long
anthracis pulmonary (everywhere)
anthrax

Small pox Variola major | Severe Contact, Long

airborne

Indoor Threats
In indoor environment some less frequent diseas@esent higher risk and higher demands on
ventilation systems and environment protectionamdy in buildings.

Well-Known Severe (Indoor) Infections.
It is difficult or impossible to require these iof®ns outside indoor environment or the main

risk seems to be the transmission via ducts (aiditon systems, ventilation ducts, water
ducts).
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Tuberculosis

Chronic pulmonarntuberculosis caused byMycobacterium tuberculosis still, despite of the
vaccination, severe threat. Over one-third of tleeldis population now has the TB bacterium in
their bodies and new infections are occurring edta of one per second. Not everyone who is
infected develops the disease and asymptomatioitlai® infection is most common. In
developed countries is the prevalence low but imynaf them the number of cases is slowly
growing up in last years.

Unfortunately the percentage of resistant chaineyfobacterium is increasing and also those of
atypical tuberculosis, which are very often muftistant, too. In most European countries
mortality from TB is decreasing but still in someuatries (Baltic & Balkan states, but also
Portugal, Poland, Finland) TB could be a problerolder age groups (EuroTB). Infectious dose
(the amount of microbes necessary for developingllaess) of mycobacteria is in healthy
people rather high, so transmission from persguetson outdoors is difficult. Survival of agent
in indoor environment is long (months).

Legionnaire's disease (Pontiac fever)

Legionellosis is a respiratory disease caused layeba Legionellae Most frequently human
disease Legionnaire's diseasecaused by.. pneumophilaThe clinical picture is characterized
by myalgia, headache, fever, and non-productivglealeveloping further to pneumonia. Case-
fatality rate can be high especially among eldeatyd immunocompromised individuals.
Sporadic cases and outbreaks occur worldwide. hdthe young people causddgionella
mostly Pontiac fever — a common cold like diseasth wone or low risk.Legionellais an
organism that resides in the environment in podlstagnant water. Most common route of
transmission is airborne. Person to person spreas ot occur.

The reservoirs are aquatic systems like coolingetsywevaporative condensers, humidifiers,
decorative fountains etc. Legionellosis can betécka@ffectively with antibiotics. Prophylactic
measures include regular cleaning and maintenantiéerent water systems.

The European Working Group for Legionella InfecsdEWGLI) was formed in 1986 with the
co-ordinative centre in London. Its members areergits with an interest in improving
knowledge and information on the epidemiologicald amicrobiological (clinical &
environmental) aspects of legionnaires' diseases Ti& achieved through international
surveillance of the disease, as well as developmientliagnosis, management and treatment
methods.

The European Surveillance Scheme for Travel Assettibegionnaires’ Diseas&WGLINET )
contents the European Guidelines for Control amyéhtion of Travel Associated Legionnaires'
Disease. Every European country has a histotggibnellaoutbreaks. Sometimes it is difficult
to verify the diagnose, especially because noboelyeves in it and this is the reason of
constitution of this guidelines.

But not only people in hotels in tourist destinataare in risk. Unfortunately other outbreaks

were described in hospitals in wards were peopth severe diseases were hospitalised. These
people are in higher risk than any other.
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Figure 2: Graph of Legionnaire's disease casesiiode by year of onset (EWGLINET)
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The disease most often affects the elderly andlpesith underlying illnesses such as cancer or
those with a lowered immune system. Outbreaks aupronia have been associated with
contamination of water cooling towers in large duigs, with spread of the bacteria mostly
through air conditioning systems. Nowadays the rkmat comes fromtap water during
shower or aerosolization the tap water, e.g. bgyspg etc., so it could be a severe problem of
hospital environment.

New threats

Except these well-known problems, time to time & o@e arises somewhere around the world
and in a short time it could become a problem oftmmuntries. Frequently is discussing
potential epidemic of flu, which is expected foverl years, and completely new agent causing
SARS.

Flu

Flu pandemic is one of the threats of the end 8f@mntury and beginning new millenia.
Influenza virus (flu virusfause diseases with high severity especially lidery people, with
rather high proportion of complications, worsenactic health problems. Influenza may cause
worsening of_coronary heart disease congestive heart failureAlthough the incidence of
influenza can vary widely between years, approxatyaB6,000 deaths and more than 200,000
hospitalizations are directly associated with iafiaa every year in America (1). Every ten to
twenty years a pandemic occurs, which infects gelqroportion of the world's population, and
can kill tens of millions of people (2).
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Last several decades a new pandemic strain is #&dgend there are some “promising”
candidates for new reassortmefiifluenza reaches peak prevalence in win@ne possible
explanation for this seasonal occurrence is tletabse people are indoors more often during the
winter, they are in close contact more often, dmd promotes transmission from person to
person. Another is that cold temperatures lead rter dair, which may dehydrate mucus,
preventing the body from effectively expelling \srparticles.

Anyway the main problem of epidemic flsi not indoor environment as it is highly contagiou

infectious everywhere. In case of pandemic flu Na&tndn and especially air-condition systems
should play the most important role in transmittiungises or isolation sick people.

Table 3: Known flu pandemics

Name of pandemic | Subtype Date Deaths
involved

Asiatic (Russian) Fly Possibly H2N2| 1889-1890 | 1 million

Spanish Flu H1N1 1918-1920 | 40 million
(100 millions)

Asian Flu H2N2 1957-1958 | 1 to 1.5 million

Hong Kong Flu H3N2 1968-1969 | 0.75to 1 million

Because of high proportion of complications andnedeath, vaccination is recommended
especially for elderly people, people with chrodisease and other immunocompromise people.
Virus is extremely variable, so vaccination is reseey every year, due to antigenic drift for
every year a new vaccine is necessary.

Severe acute respiratory syndrome (SARS)

In late 2002, a new syndrome was observed in soutGlina (Guangdong Province). It was
namedsevere acute respiratory syndrome (SARS)The initial outbreak of SARS peaked in
April 2003 and by June had tailed off. By that tjrtteere had been about 8,000 cases worldwide
and 775 deaths. Respiratory distress leads to dled&80% of cases. Via aeroplanes was this
disease transmitted to other continents. Transamssf SARS was in most cases observed in
indoor environment. In fact the first outbreak veageople living at the same floor of one hotel
where doctor from Guangdong province lived. Tramssmon was possible only viair-
conditioning system even airborne spread of SARS does not seem ta b&jor route of
transmission. Also oral-fecal transmission is pagsias in other coronaviruses vé@wage
systems of the buildingss coronaviruses were found also in stool of pttien

Bioterrorism

Although most of the infectious diseases are nar21{ century in developed countries, still it is
one threat of severe infections of previous ceaturDccurrence of this new threat is dating to
the end of twenty century, to the nineties. Thidigterrorism. Still it is at least theoretical
chance to get highly danger strains of infectioiseakes like smallpox, anthrax or plaque. All
these diseases were big killers of the past andrader the control in Zicentury.
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Yersinia pestis is the agent which causes plague, known also askBDeath. The three
documented pandemics of plague (Black Death) haea besponsible for the death of hundreds
of millions of people. The organism in exhaled ough droplets, infect other humans in close
proximity and cause pneumonic plague, which moffecdit to control and has 100% mortality.
Bubonic plague is typical transmissive infectioaservoir are small rodents (well-known are
rats) and vector is flea.

Anthrax is a zoonotic disease occurring in wild and donseatiimals such as cattle, sheep,
goats and other herbivores. It can be acquiredunyams either by ingestiomhalation, or skin
contact with contaminated animal products. Cutasemihrax and gastrointestinal anthrax have
lower fatality rates, but still must be treated emgively to assure survival. Because of the
stability of the spore in the environment anthrsvone of the diseases commonly mentioned in
relation to germ warfare and terrorist activity.2001 several postal workers died of inhalation
anthrax after handling B. anthracis-laced.

Pulmonary anthrax results form inhalation ddacillus anthracisspores which are phagocytized
by the alveolar macrophages where they germinate raplicate Respiratory distress and
cyanosis are manifestations of toxemia. Death t@suthin 24 hours. This form of anthrax is of
significance in biological warfare.

Smallpox (also known by the namegariola or Variola verg is a highly contagious disease
unique to humans. Smallpox is caused by eithewofuirus variants namedariola majorand
Variola minor. The deadlier formy. major, has a mortality rate of 3—-35%, whié minor
causes a milder form of disease caldstrim and kills ~1% of its victims. Long-term side-
effects for survivors include the characteristianskcars. Occasional side effects include
blindness due to corneal ulcerations and infertititmale survivors.

Smallpox was responsible for an estimated 300-50bmdeaths in the 20th century. After
successful vaccination campaigns throughout thie 48t 20th centuries, the WHO certified the
eradication of smallpox in 1977. In most countties vaccination stopped around 1980, so in
fact total population has no protection.

The role of indoor environment is not major butdiese the important route is re-aerosolization
of the dust with scales from scabs, indoor envirenintould also play important role. Of course
also special isolated wards could be highly impdrta

Other Diseases Of Concern (Well-known respiratisgases)

Some of these diseases are well-known, commonyeviaailiar with diagnose and treatment of
them. They are not harmful, at least for imnmunocetapt people but could be unpleasant. Many
of them are easily transmitted in overcrowded iotsyr environment with low air exchange or
with pure quality of mechanical ventilation /airnghtioning system. In environment with low
level of cleaning can persisted infectious agentslust and can be transferred into breathing
zone in consequence of any activity in the envirennwhich can whirl the dust.

These infections are not typically connected witthoior environment and improving the quality
of indoor environment probably will not decreasentner of sick people. On the other hand - to
stop the epidemic we have igplate sick people from healthy ones. Mostly from theibemg

all these diseases have symptoms of common coldaaaly are threat for the life. Occurrence
of these diseases is common especially from autorspring.
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Upper respiratory tract illnesses

Cold, common cold

The common cold is caused by a large number oérdifit types of infectious agents, especially
viruses. They all result in similar symptoms: smegzrunny nose, sore throat and cough with or
without a low grade fever, muscle aches and mal&isen the medical point of view the health
effect of common cold is minor, as complications ia@re.

Cause of (common) cold are e.g.. Adenovirus, Corbng, Coxsackie A,B, Rhinovirus,
Parainfluenza virus, Respiratory Syncytial ViruSjR

Some symptoms could simulate common cold although dause is different, e.g. Listeria
monocytogenes, Legionella pneumophilla— PontiaeFev

Pharyngitis

Similar to cold is pharyngitis, inflammation of plax. The sore throat is highlighted;
complications are also rare in immunocompetent j[gedpoblems are usually caused by
different species, e.g.: Adenovirus, Herpes Simplarmus 1,2 (HHV1, HHV2), Neisseria
gonorrhoeae, Parainfluenza virus, Streptococcugeyes.

Epiglottitis

Haemophilus influenzae is the main cause of lifehreatened disease — epiglottitis. Its
occurrence is connected with dry air, in young dreih, mostly younger than 3 years. As H.
influenzae is so danger, in many countries is ws@dine against this agent.

Laryngitis
The characteristic marker of this disease is hoase loss of voice and pain. Among other
causes, one of the most common is Moraxella catlsrh

Bronchitis, bronchiolitis, bronchopneumonia

These diseases are mostly occurred as a compticatiany other, originally upper respiratory
tract disease. Course of the disease can vary fndchto severe depending on cause agent and
status of the patient. Symptoms are as follow: few®ugh, dyspnoe, shortness of death,
cyanosis. Cause (apart others) are: Moraxella rtetlis, Parainfluenza virus, Pseudomonas
aeruginosa, Respiratory Syncytial Virus (RS), Btetle pertussis, Nocardia asteroides.

Otitis media

Otitis media is a problem mostly of young age aleitdand often it is a complication of common
cold. In very rare situation it could be dangerrdeiic otitis can result in deafness and/or vertigo,
in special cases can progress in mastoiditis, ngérsnor encephalitis with dramatic
development. The most common cause is Haemophiltlsenzae, Moraxella catarrhalis,
Streptococcus pyogenes.

Lower respiratory tract illnesses

Pneumoniahas the same symptoms at the beginning but masthore dangerous.

Typical symptoms associated with pneumonia inclemégh chest painfever, and_difficulty in
breathing Pneumonia is a common illness which occurs im@# groups, and is a leading cause
of deathamong the elderly and people who are chronicatlg &germinally ill. Causes of
pneumonia are several and on the cause dependwmdrgaand also prognosis. Some of the
causes areAdenovirus, Bacteroides fragilis, Chlamydia pneurmen Chlamydia psitacci,
Chlamydiatrachomatis, Coccidioides immitis, Coronavirus, @&tia burnetti, Cryptococcus
neoformans, Cytomegalovird€MV), Escherichia coli, Haemophilus influenzae, Histopias
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capsulatum, Influenza virus, Pseudomonas aerugindsiebsiella pneumoniae, Listeria

monocytogenes, Moraxella catarrhalis, Mycoplasmaymnoniae, Parainfluenza virus, Proteus
mirabilis, Pseudomonas pseudomallei, Respiratorgcjal Virus (RS), Rhodococcus equi,

Staphylococcus aureus, Streptococcus agalactiaept®toccuspneumoniae, Varicella-Zoster
Virus (HHV3).

Atypical pneumonia is sometimes difficult to diageowhen doctor have no information
concerning special lifestyle or hobby (e.g. breemfgrarrots). Cause agent could be various like
Adenovirus, Chlamydia pneumoniae, Chlamydia psitddycoplasma pneumoniae.

Laryngotracheobronchitis or croup is a contagious viral infection causing inflamroatiand
swelling of the larynx and surrounding tissuegrésents with difficulty in breathing especially
breathing in and a typical barking cough. It uguaffects children between the ages of 6 months
and 3 years. Croup can be caused by a numberfefetit viruses. In the fall, it is usually caused
by Parainfluenza virus. In winter and spring, iusially caused by Respiratory Syncytial Virus
(RS) or an Influenza virus. Less commonly, croupyrba caused by Measles virus or other
viruses such as adenovirus, rhinovirus, enterowan coxsackie virus. Symptoms are typical:
fever, hoarseness, harsh, barking cough, swelliagyngeal obstruction, dyspnoe.

Herpangina is the name of a painful mouth infection causedniyidby coxsackieviruses A.
Usually, herpangina is produced by one particuliairs of coxsackievirus A, but it can also be
caused by coxsackievirus B or echoviruses. It istnacommon in children. Though herpangina
can be asymptomatic, symptoms usually associatedigh fever and sore throat.

Other respiratory tract ilinesses

Diphtheria is caused by Corynebacterium diphterdael is characterized by an adherent
membrane (a pseudomembrane) on the tonsil(s), phaand/or nose. Diphtheria is a serious
disease, with fatality rates between 5% and 10%hitdren under 5 years and adults over 40
years, the fatality rate may be as much as 20%.adays in most developed countries are
children vaccinated against diphtheria.

Bordetella pertussiss the only organism of major clinical significanaevithin this genus; it
causesvhooping coughin infants and young children. However, a closelated organisnB.
parapertussiscan also cause a milder form of bronchitis. Despi vaccination, every 2 -5
years a small epidemic occurred, especially in goaotult people, not at children.

Parrot fever is infection transmitted usually via the droppirgfsinfected bird, though it can
also be transmitted via feathers and eggs, antypieally either inhaled or ingested. Psittacosis
- also known as parrot disease, parrot fever, andhosis - is a zoonotic infectious disease
caused by a bacterium called Chlamydophila psitiad contracted not only from parrots, but
also from pigeons, sparrows, ducks, hens, sea, gumitsmany other species of bird.

Meningitis

Meningitis is severe complication of various infections amspite antibiotics still kills about
170 000 persons a year (WHO, 2004). It can be cdabseseveral agentsCoxsackie A,B,
Cryptococcus neoformans, Echovirus, Haemophilusuenkae, Herpes Simplex Virus 2
(HHV2), Leptospita interrogans, Listeria monocytogenes,

Moraxella catarrhalis, Neisseria meningitis, Poliovirus, Streptococcus agalactiae,
Streptococcus pneumonie.
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Children’s Exanthema Diseases

Some infections which used to be common, killeddneds of people, especially children every
year, nowadays, due to vaccination, dgmésent a big risk, at least in developed couwstrgth one
exception — morbilli (measlesBecause of travelling around the world, there igoasibility to
meat them. Most of these infections are typicatéases of childhood. In younger age there are
fewer complications than in adult people, more ovaccination against these “children”
infections mostlydoesn’t assume booster in adult age, so specifieuinity is low or lower in middle-
age populationBeginning of these infections is similar — comnootd and/or typical rush.

Scarlet feverwas a threat because of rather frequent compditcatirheumatic fever.
The disease is caused by Streptococcus pyogendkexeds a characteristic rash.
Varicella, chickenpox

Chickenpox is a highly contagious disease that spreads frersgn to person by direct contact
or through the air from an infected person's cooglar sneezing. Chickenpox is rarely fatal but
later in life viruses remaining dormant in the remcan reactivate causing localised eruptions of
shingles. This occurs particularly in people withmpromised immune system, such as the
elderly, and perhaps even those suffering sunbuniike chickenpox which normally fully
settles, shingles may result in persisting pospétsr neuralgia pain. Because of those
complications, in several countries vaccine aga¥asicella-Zoster Virus (HHV3), which causes
varicella, is used to prevent these later compbaoat

Rubella (also known as epidemic roseola, German measilesity measles or three-day
measles) is a disease caused by the Rubella Mirus.often mild and an attack can pass
unnoticed. Rubella can pose a serious risk asnitateo be transmitted from a mother to her
developing baby through the bloodstream via theguita and in this case it caused teratogenic.

The Measles are a highly contagious airborne pathogen whicteags primarily via the
respiratory system. The Measles Virus is transuhitterespiratory secretions, and can be passed
from person to person via aerosol droplets comgimirus particles, such as those produced by a
coughing patient. Complication of measles everifdhood was severe and lethality was rather
high. It was estimated that in 1996 about 1 milletridren died from measles complications.
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Figure 1. No. of reported measles cases in 19 EUVAC.NETi@pédting countries since 2001
(EUVAC.NET)
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Mumps or epidemic parotitisis a viral disease of people causes by Mumps Virus

Prior to the development of vaccination and theomhiction of a vaccine, it was a common
childhood disease worldwide, and is still a sigraft threat to health in the third world. Despite
the vaccination, time to time a small epidemic ooence of mumps can be observed it is danger
especially in young men, because in this age theetacomplications like pancreatitis or
orchitis and encephalitis.

Risk Of Moulds, Yeasts (Fungi)

Very often indoor environment (or ducts) is contaated by moulds or fungi due to poor
maintenance, low air exchange etc. For healthy lpabps contamination doesn’t represent a big
harm. If any, so the risk is first of all to evalean allergy.

For immunocompromised people moulds could represdife threat. Generalised or pulmonary
aspergillosis can cause severe complications aed égath of people with specific treatment of
cancer or after transplantation.

Conclusions as to policy making

Main source of infectious agents in indoor enviremmare people. From that point of view is
difficult to regulate source, it is not possiblenave any threshold limit. But indoor environment
plays important role in transmission of infectiagents — ventilation, air-conditioning, water or
sewage ducts can transmit several infectious ademntsther long distances. Also overcrowded
spaces increase risk of transmission of the irdastagents.

1. To avoid overcrowded spaces if possibésp. in schools, health care facilities, etc.

The process of person- to- person transmissiondcand must be regulate especially in
buildings where children and young people are cotnated, also in health-care facilities. For
such buildings is suitable to use the minimal aitkeinge rate per person as a sort of regulation
of infections agents concentration. To achieve mweasair exchange is necessary to have either
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air condition systems or mechanical ventilationterys in all such buildings. Using natural
ventilation is mostly subjective measure and doguiarantee the minimum air exchange
especially in cities.

2. To guarantee the minimum air exchange rate the buildings where people have to stay

Also secondary source (water, dust) can play ingmbrtole even in other type of infections
(alimentary — e.g. water-born cholera or some wsusausing alimentary problems). This
transmission is possible to regulate also durirg tlansmission process (limits of infection
agents for drinking water, air-condition systemshaut water stagnation, priority of cleaning
procedures of air ducts especially in health caetres and facilities for children & young

people).

3. To guarantee safe water & air(limits for microbiological contamination)

There are several other facultative or obligatoayhpgens with low effect for healthy people
who spent their time either in well-maintained ind@nvironment or mostly outdoors; these
agents could be harm for immunocompromised people.

One can assume that if we will be able protectelues against these threats, probably we will
be successful also in other battles against irdastdisease, either those we know or any new
still unknown.

4. To achieve even better quality of the environmeénn health care facilities (more strict
limits than for the other buildings).
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Introduction

Cardiovascular disease is the leading cause ohdedhe industrialized world: CVD accounts
for over 4.35 million deaths (49% of all death) legear in Europe and over 1.9 million deaths
(42%) in the European Union (EU). The most commommE of cardiovascular disease are
coronary heart disease (CHD) and stroke that atbdiypselves the two most common causes of
death in the EU: accounting respectively for ové4,000 (17%) and 490,000 (11%) deaths in
the EU each year. CVD mortality, incidence and cfadality are falling in most Northern,
Southern and Western European Countries but aithiefalling as fast or rising in Central and
Eastern European countries.

Overall CVD is estimated to cost the EU economy%€h#ion a year. Of the total cost of CVD
in the EU, around 62% is due to health care c@dt% due to productivity losses and 17% due
to the informal care of people with CVD (Europeandiovascular disease statistics 2005).

The seminal Framingham Heart Study framed detemmténaf heart disease as “risk factors” that
can quantitatively predict cardiovascular dise&eiidy et al, 1998) (Kannel, 1998). Major risk
factors for CVD could be classified in fixed and dif@ble. Fixed risk factors are age (older
than 65), gender (male) and heredity (includingeyac Factors that could be modified are
hypertension, high blood cholesterol levels (intipatar low-density lipoprotein), diabetes
mellitus (especially adult-onset or Type 2 diabgtebesity and overweight, cigarette smoke,
physical inactivity.

Besides major risk factors, other exposures, likeess and high alcohol intake (called
contributing risk factors) have been associateth witreased risk of cardiovascular disease, but
their significance and prevalence have not yet Ipeecisely determined.

The so called major risk factors identified in freme of Framingham Heart Study account for a
major portion of but not for the total CVD risk (&mland, 2003 Khot, 2003). Many patients
suffering from heart disease have no establishe#t (Heller, 1984), suggesting that
quantitatively important determinants of CVD arerreatly unknown (Hennekens, 1998).
Moreover, the identification of modifiable risk tacs, such as smoking and diet, fosters the
perception that the environment significantly ieftices cardiovascular health. This view is
further reinforced by studies showing that CVD satkffer 5- to 100-fold among population
groups of similar genetic background. These ratesge quickly within the same ethnic group,
and they increase when populations migrate from tovhigh-risk environments (Levi, 2002
Worth, 1975).

Despite these studies, our understanding of enwiemtal influences has been limited to lifestyle
choices such as diet, smoking, and exercise, arsgdanly in the last few years that disparate
lines of evidences have congealed into a cohedesat that environmental exposure to pollutants
and chemicals contributes to CVD risk (Bathnag@8422006).
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Several studies have shown some link between owtddid and gases exposure and
cardiovascular disease mortality and morbidity @;d2004).

Indoor air pollutants that have been associatedpald be related, to an increase risk of CVD
include secondhand smoke, carbon monoxide, paatewhatter, ozone, nitrogen oxides, carbon
monoxide and sulphur dioxide.

Secondhand smoke

Secondhand smoke (SHS), also known as environmtitatco smoke (e.g. spousal smoking,
cohabitant smoking, work exposure), is a complextune of gases and patrticles that includes
smoke from the burning cigarette, cigar, or pipe(sidestream smoke) and exhaled mainstream
smoke (National Toxicology Program. 11th ReporGamcinogens, 2005).

Many reviews have been published summarizing theleepological studies about the
association between SHS and increase risk for Chéde we summarized the most important
and recent ones. Law and colleagues (1997) corndlacteeta-analysis of all 19 studies of risk of
ischemic heart disease in lifelong non-smokers isewith a smoker and in those who live
with a non-smoker and concluded that people whe hrewver smoked have an estimated 30%
greater risk of ischemic heart disease if they Wil a smoker, The Australian 1997 NHMRC
Working Party Report (1997) reviewed the data frd2Znanalysis from 16 studies of SHS and
CHD, finding a statistically significant increase the risk of coronary events in nonsmokers
exposed to SHS. The Californian 1997 CalEPA Refi®99) considered 10 cohort studies and
8 case-control studies of SHS and CHD and concltitieidepidemiological data in Western and
Eastern countries are supportive of a causal assmtibetween SHS exposure from spouses and
CHD mortality in nonsmokers, in both genders. Th&.U2001 Surgeon General's Report
Women and Smokin{@001) reviewed 10 cohort and 10 case-controlistuconcluded that data
from these studies support a causal associatiavebaet SHS and CHD mortality, morbidity and
symptoms. The U.S. 2006 Surgeon General's Refloet Health Consequences of Involuntary
Exposure to Tobacco Smof@006) reviewed 9 cohort and 7 case-control stufhetween June
1998 and April 2002) concluded that the evidencsuSicient to infer a causal relationship
between exposure to SHS and increase risk for Claiiaity and mortality.

All these reviews concluded that the estimate flaskCHD related to SHS is about 25-30 percent
and is within range of risk estimates observedftitve smoking and CHD.

In the 2006 USDHHS report were also reviewed 6istu case-control, 1 cross-sectional and
1 cohort) about the association between SHS akdofistroke, and 12 studies about the link
between SHS and subclinical vascular disease cphatiy carotid arterial wall thickening. The
conclusion was that the analysed studies were ‘&styg but not sufficient to infer a causal
relationship between exposure to second hand smaRkd”an increased risk of stroke and
atherosclerosis (2006).

Particulate matter

Particulate matter (PM) is a complex mixture ofbame solid particles and liquid droplets
(aerosols) that vary in size and composition, ddpgnupon the location and time of its source.
PM is generally divided, according to the aerodywadiameter (), into PMy (Da < 10 um),
PMz5 (Da < 2.5 pm), ultrafine particles (UFPs; B 100 nm). Despite its modest contribution to
overall volume, the ultrafine fraction represerits targest number of particles and, therefore,
presents the largest surface area.
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Indoor sources of PM include fuel/tobacco combustaeaning operations and cooking (WHO,
2005). Moreover, fine and ultrafine particles may formed by reactions between ozone and
some VOCs (the so calleshdoor chemistry, in particular terpenes. The highest terpene
concentrations also produced high particle lev@&itiman, 2000 Wolkoff, 2006). Particles
from outdoor air may contribute to particle loadndoor air, and exposure studies carried out in
the United States and Europe showed that partiolegitdoor air contributed substantially to
personal exposures and to temporal variation irsqr&l exposuresalso in the indoor
environmen{Research priorities for airborne particulate erat2004).

The concern about indoor particulate matter caabBoular effects arise from the
epidemiological evidences of health effects of es¢pe to PM. During the past 15 years, the
magnitude of evidence and number of studies linloangdoor air pollution to cardiovascular
diseases has grown substantially (Brunekreef, 20§2e, 2000) and there is concern that the
association of airborne particles (PM10 and PMavh adverse cardiovascular outcomes is
causal, as summarized in a review by a committethefAmerican Heart Association (Brook,
2004).

Long-term exposure to PM2.5 have been demonstrédede independently related to
cardiovascular mortality in general (Dockery, 1998)d in particular to mortality for ischemic
heart disease, arrhythmia, heart failure and carmaligest (Pope, 2004).

Short-term effects of PM10 exposure include andase in the overall cardiovascular mortality
(Dominici, 2003 Katsouyanni 2001). Observation&urope (Poloniecki, 1997 Hoek 2001) and
North America (Burnett, 1999 Schwartz, 1999) havemdnstrated higher rates of
hospitalizations for all cardiovascular causesetliassociations have also been identified with
respect to incidence of ischemic heart diseasbytimias, and heart failure. Elevations in air
pollution have also been associated with incredsledd pressure during a prolonged air
stagnation episode in Europe(lbald-Mulli, 2001 ndHy, recent studies from Seoul, South Korea
(Hong, 2002), Taiwan (Tsai, 2003) and Kuopio, & (Kettunen, 2007) have reported higher
incidences of ischemic strokes in direct relatiorchanges in ambient particle concentrations. In
summary, these findings imply that short-term eliewes in ambient particle levels are capable
of evoking cardiac arrhythmias, worsening heart lufai and triggering acute
atherosclerotic/ischemic cardiovascular complicetio

To date, there have been only a limited numbertudies on the association of measures of
ultrafine particles with risk of cardiovascular exdfs (Wichmann, 2000 von Klot, 2005). The
available literature suggests that ultrafine pbesicmay induce cardiovascular health effects
immediately, with a 2—4-day lag, and in associatigth cumulative exposures (WHO, 2005).

Carbon monoxide

Carbon monoxide is a colourless, practically odesgland tasteless gas that is poorly soluble in
water, but it is soluble in alcohol and benzeneisla product of incomplete combustion of
carbon-containing fuels. Carbon monoxide burns withiolet flame and it is classified as an
inorganic compound. It has a slightly lower dengiign air.

Toxycokynetics

After reaching the lungs, inhaled carbon monoxidéuskes rapidly across the alveolar and
capillary membranes. It also readily crosses thegrital membranes. Approximately 80—90% of
the absorbed carbon monoxide binds with haemogletfirch causes a reduction in the oxygen-
carrying capacity of the blood. The affinity of ma@globin for carbon monoxide is 200-250
times that for oxygen, while the relative affingi®f other haem proteins (e.g. myoglobin),
cytochrome oxidase and cytochrome P-450 for carbonoxide are much lower.
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When in equilibrium with ambient air, the carboxgh@globin (COHb) content of the blood
will depend mainly on the concentrations of inspirearbon monoxide and oxygen. If
equilibrium has not been achieved, the COHb comatoh will also depend on the duration of
exposure, pulmonary ventilation and the COHb oaljyn present before inhalation of the
contaminated air.

Carbon monoxide is eliminated unchanged via thgduihe decline in COHb concentration
depends on the rate of carbon monoxide releaselislmm proteins, alveolar ventilation, oxygen
concentration in inhaled air, duration of carbonnmxdde exposure, and the level of COHb
saturation. The formation of COHb is a reversiblecpss, but because of the tight binding of
carbon monoxide to haemoglobin, the eliminatiorf-hi@ while breathing room air is 2—6.5
hours depending on the initial COHb level. The @limtion half-life of COHb is much longer in
the fetus than in the pregnant mother (Jetter, &0412).

Effects of short-term exposure

CO affects health by interfering with the systertnansport of oxygen to tissues (especially the
heart and other muscles and brain tissue). Thdtirgsimpairment of O2 delivery cause tissue
hypoxia and interferes with cellular respirationirddt intracellular uptake of CO could permit
interactions with haemoproteins such as myoglobytgchrome oxidase and cytochrome P-450,
and therefore interfere with electron transportcpsses and energy production at the cellular
level. Thus, in addition to observed physiologieffiects and cardiovascular effects, CO can
modify electron transport in nerve cells resultindgpehavioural, neurological and developmental
toxicological consequences, and may itself plagl@ in neurotransmission.

The health effects associated with inhaled CO waith its concentration and duration of
exposure. Effects range from subtle cardiovasc@ad neurobehavioral effects at low
concentrations to unconsciousness and death atiEmged exposures or after acute exposures
to high concentrations of CO.

Carbon monoxide exposure causes unintentional @aieatlal poisonings, and a large number of

deaths annually both in Europe and in the UnitedeSt It is estimated that more than half of the
6000 annual deaths from fires in the Unites Stasteaused by CO poisoning (U.S.EPA 1991). It

is obvious that such homes exist where CO cond@migaare high enough to increase chronic

health effects, especially among sensitive popariatisuch as pregnant women, the fetus,
children, the elderly, and individuals sufferingrit anemia or other diseases that restrict oxygen
transport between blood and cells (Ellenhorn, 1988)

Annual number of deaths due to indoor CO poisortiag decreased in Europe in the last

decades, still they represent a major public heigskhe. Data from Italy indicate that deaths,

excluding suicides, varied from 135-150 cases par in the first part of the 80s to 40-105 cases
in the very last years (ISTAT). Data from France similar, indicating that deaths attributable to

indoor CO poisoning passed from 260/280 casesdifiintst part of the 80s to 88/107 cases in the

first years of this century (Institut de veille gaire).

First signs and symptoms on healthy individualsshsas decreases in work capacity and
decrements of neurobehavioral functions start @HB) of 5%, whereas first signs of CO
poisoning appear at (COHb) concentrations of 10%.

However, the variability within the human populatimmust be considered high. A (COHb) of
about 15 % only leads to slight symptoms, suchesgliche, in healthy adults. In contrast, the
same (COHb) can cause long-lasting defects in tgnitive development and behavioural
alterations in children or even contribute to ddatim myocardial infarction in individuals with
coronary artery disease (WHO, 1999).
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Cardiovascular effects

In apparently healthy subjects, the maximal exertirme and the maximal oxygen consumption
have decreased at COHb levels as low as 5%. Thessagn between the percentage decrease in
maximal oxygen consumption and the percentageaseren COHb concentration appears to be
linear, with approximately a one percentage palitifi oxygen consumption per one percentage
point rise in COHb level above 4% (Jetter, 2002).

Patients with cardiovascular disease, especialiijasmic heart disease, are expected to be
particularly sensitive to carbon monoxide. Athetesatic narrowing of the coronary arteries and
impaired dilatation mechanisms restrict blood fmathe myocardium and prevent physiological
compensation for lowered oxygen delivery causedlbyated levels of COHb. In exercise, these
subjects experience myocardial ischaemia, which iogmair myocardial contractility, affect
cardiac rate and rhythm, and cause angina pecfaiter, 2002).

Early studies have suggested that low level carbonoxide exposures resulting in COHb levels
of 2.5-3.0% shorten the time to onset of exeraisieited chest pain in patients with angina
pectoris. Subsequent studies by other investigdtave actually given similar results (Jetter,
2002).

The design and results of the five most importdimiaal studies conducted in patients with
ischaemic heart disease show that despite the wbwidferences between the studies, they all
refer to a significant shortening in the time tosehof angina at mean post-exposure COHb
levels of 2.9-5.9% which represent mean incremencatases of 1.5-4.4% COHb from the pre-
exposure baseline levels (Jetter, 2002).

The potential arrhythmogenic effects associatetl Voiv-level carbon monoxide exposures have
not been fully resolved at COHb levels<g% (Jetter, 2002). Hinderliter et al. (1989) repdrt
no effects at 3.5% and 4.9% COHb levels (post-esemoncentrations) on resting and exercise-
induced arrhythmias in ten patients with coronamgrg disease and no baseline ectopia. In
contrast, Sheps et al. (1999) showed in 41 nonsmggkatients with documented coronary artery
disease and various levels of baseline ectopiattigatrequencies of both single and multiple
ventricular depolarizations increased significardtya mean post-exercise COHb level of 5.0%
but not at 3.5%. Dahms et al. (1993) found no amlthl effect of either 3% or 5% COHb over
the exercise-induced increases in single or meltgdtopic beats experienced by patients with
myocardial ischaemia and baseline ectopia.

According to some epidemiological and clinical dabon monoxide from recent smoking and
environmental or occupational exposures may cangilio cardiovascular mortality and the
early course of myocardial infarction (Jetter, 200Ris not known whether this contribution is
due to arrhythmogenic effects or to some longenteffects, as suggested by some authors. In
patients with severe ischaemic heart disease, gammnoxide poisonings have been lethal at
COHb levels of 10-30%, while usual COHb levels @thal poisonings are around 50-60%
(Dahms,1993).

A number of recent epidemiological studies repodssiociations between levels of ambient air
pollutants (CO, PM, O3, NOx, SO2) and hospital amins for cardiovascular diseases
(U.S.EPA, 2000). In all the cited studies a positassociation was found between CO ambient
concentrations and the daily number of cardiovasalisease hospitalizations. at the local level.
Often, individuals suffering from CO poisoning atmaware of their exposure because
symptoms are similar to those associated with viilhess or clinical depression
(U.S.EPA,1991). This may result in a significantmier of misdiagnoses by medical
professionals. Although the precise number of imligls who suffer from CO poisoning is not
known, it is certainly much larger than that indexhby mortality figures. It has been estimated
that more than 10 000 people per year in the Uriiiades required medical attention or missed
at least 1 day of work in the early 1970s becadsmiblethal exposures to CO. Recent esteems
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indicate that over 40 000 emergency departmentsviannually for recognized acute CO
poisoning in the United States.

Other adverse effects: developmental effects

The pregnant mother, the fetursuteroand the newborn infant are at high risk of advéuesath
effects from atmospheric carbon monoxide exposuBaging pregnancy, the endogenous
production of carbon monoxide can be elevated ashras 3-fold, the concentration of maternal
haemoglobin is often reduced, and the mothers phaysiological hyperventilation. As a result
of these changes, maternal COHb levels are usahlhyt 20% higher than the non-pregnant
values. Carbon monoxide diffuses readily across glaeental membranes, and the carbon-
monoxidebinding affinity of fetal haemoglobin isgher than that of adult haemoglobin.
Moreover, carbon monoxide is cleared much more Iglék@m fetal blood than from maternal
blood. At steady state, fetal COHb levels are up@e15% higher than maternal COHb levels
(Jetter, 2002).

There are theoretical reasons and supporting ladrgranimal data to suggest that the fetus and
the developing organs are especially vulnerableadon monoxide. The developing brain
seems to have the highest sensitivity of all orgdiere is a well established and probably
causal relationship between maternal smoking andbioth weight at fetal COHb levels of 2—
10%. In addition, maternal smoking seems to beciestsal with a dose-dependent increase in
perinatal deaths and with behavioural effects farnts and young children. Carbon monoxide is
probably one of the most important etiological ¢astfor these effects, although there are
numerous other toxic pollutants in tobacco smoke.

A case-control study of the association between mxthweight infants and maternal CO
exposures in approximately 1000 cases in Denvéedfdad detect a relationship between CO
exposure (estimated form fixed-site outdoor momtprdata) during the last 3 months of
pregnancy and lower birth weights. Mean CO levalsged from 0.6 to 4.1 mg/(0.5 to 3.6
ppm) at 8 monitoring locations in metropolitan Denv The 5th and 95 percentile
concentrations at the site with the highest (4.Inmgmean were 1.8 and 5.5 mg/(1.6 and 4.8
ppm), respectively. The odds ratio at the highesicentration site was 1.1 and the 95%
confidence interval was 0.8-1.6. This study did diogctly account for unmeasured sources of
CO exposure, such as smoking, emissions from gpBaapes and exposures to vehicular
exhaust, which are limitations of the study design.

A more extensive study of a cohort of 125573 cleitdborn to women living in the Los Angeles
area (1989-1993) found that exposure to ambientemrations > 6.3 mg/im(3 mo average)
during the last trimester of pregnancy was assegiatith a significantly increased risk of low
birthweight (odds ratio = 1.22; confidence interwdl.03-1.44) after adjustment for potential
confounders (Mann, 2002). Fetotoxicity has been adetrated in laboratory animal studies.
Altered brain neurochemical development and grawetardation have been demonstrated in rats
exposed to CO in utero (Ritz, 1999).

Other adverse effects: neurological and neurobehaal effects

Central nervous system (CNS) effects in individuslfering acute CO poisoning cover a wide
range, depending on severity of exposure: headatibeiness, weakness, nausea, vomiting,
disorientation, confusion, collapse, and coma.

At low concentrations, CNS effects include reduttia visual perception, manual dexterity,
learning, driving performance, and attention le&rlier work is frequently cited to justify the
statement that CO exposure sufficient to producéi&@vels of ca. 5% would be sufficient to
produce visual sensitivity reduction and variousirobehavioral performance deficits. In a
recent literature re-evaluation, however, the lbetitnate was that (COHb) would have to rise to
15-20% before a 10% reduction in any behavioralisnal measurement could be observed
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(U.S.EPA, 1991). This conclusion was based onicatitreview of the literature on behavioral
and sensory effects, review and interpretatiornefghysiological effects of COHb on the CNS,
extrapolation from the effects of hypoxic hypoxethe effects of CO hypoxia, and extrapolation
from rat behavioral effects of CO to humans.

In controlled human studies involving patients wiihcumented coronary artery disease, mean
postexposure COHb levels of 2.9-5.9% (corresponttingostexercise COHb levels of 2.0—
5.2%) have been associated with a significant shorg in the time to onset of angina, with
increased electrocardiographic changes and withaimag left ventricular function during
exercise. In addition, ventricular arrhythmias niiyincreased significantly at the higher range
of mean postexercise COHb levels (Hinderliter, )989pidemiological and clinical data
indicate that carbon monoxide from recent smokimgl @&nvironmental or occupational
exposures may contribute to cardiovascular moytadihd the early course of myocardial
infarction (Jetter, 2002). According to one studgre has been a 35% excess risk of death from
arteriosclerotic heart disease among smoking andmoking tunnel officers, in whom the long-
term mean COHb levels were generally less than betcliter, 1993) Current data from
epidemiological studies and experimental animatlistlindicate that common environmental
exposures to carbon monoxide do not have atherogéfieicts on humans (Jetter, 2002).

During pregnancy, endogenous production of carb@maxide is increased so that maternal
COHb levels are usually about 20% higher than tepregnant values. At steady state, fetal
COHDb levels are up to 10-15% higher than mater@tC levels (Jetter, 2002). There is a well
established and probably causal relationship betwesternal smoking and low birth weight at
fetal COHb levels of 2—-10%. In addition, materrmalo&ing seems to be associated with a dose-
dependent increase in perinatal deaths and wittavii@lral effects in infants and young
children.

A synthesis of adverse health effects of CO exmosupresented in Table 1.

CO) in atmosphere (COHb) Signs and symptoms
ppm mg/m % Healthy adults Susceptible
subpopulations
0 0 0.4-0.7 Physiologic background
concentration
10 115 2 Asymptomatic
17 195 29 during physical exertion
reduced
time to onset of angina
and
electrocardiogram  signs
of
myocardial ischaemia in
sunjects with coronary
artery
disease
5-6 Decreases in  work Increase  in  cardia
capacity and arrythmias in
decrements of subjects with coronary
neurobehavioral function| artery
disease
42 48 7 Headache, nausea |in
children
3-8 Background
concentration in smokers|
70 80 10 No appreciable effeqt,
except shortness
of breath on vigorous
exertion; possible
tightness  across the
forehead,; dilation of
cutaneous blood vessels
13 Cognitive  development
deficits
in children
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15 Myocardial infarction in|
subjects
with  coronary artery|
disease

120 137 20 Shortness of breath pn
moderate

exertion; occasiona
headache with

throbbing in temples

25 syncopes in children

stillbirths
220 252 30 Decided headache;
irritable; easily
fatigued; judgment]
disturbed; possible
dizziness; dimness of
vision

350-520 401-595 40-50 Headache, confusipn;
collapse; fainting
on exertion

800-1220 916-1400 60-70 Unconsciousness;
intermittent

convulsion;  respiratory
failure, death if

exposure is long
continued

1950 2230 80 Rapidly fatal

Table 1 -Carboxyhaemoglobin levels resulting from steadyestposure to increasing concentrations of
CO in ambient air and associated symptoms in healilult humans and susceptible (adapted from
U.S.EPA, 2000; Ellenhorn and Barceloux, 1988)

Effects of long-term CO exposure

There is not enough reliable information on effedtshronic exposures to low concentrations
from either controlled human studies, ambient pajah-exposure studies, or from occupational
studies (Jetter, 2002). Chronic exposures to low c@@centrations may not pose as much a
problem as high, acute exposure due to physiolbgarapensation, tolerance, or adaptation.

CO emission sources and exposure levels

The most common cause of high carboxyhaemoglobhncerttrations in man is the smoking of

tobacco and the inhalation of the products by theker. Faulty domestic cooking and heating
appliances, inadequately vented to outside air, oayse high indoor concentrations of CO.
Also gas stoves, water heaters, and exhaust frémeles in attached garages might be important
indoor sources.

The most important source of carbon monoxide in iantbair is the exhaust of gasoline-

powered motor vehicles. The emission rate dependthe type of vehicle, its speed, and its
mode of operation.

Other common ambient sources include heat and pgemgrators, especially when using coal,
industrial processes such as the carbonisatioruef find the incineration of refuse (WHO,

1999).

Gaseous pollutants

Gaseous pollutants, other than carbon monoxide, dbald affect cardiovascular system are
ozone, nitric dioxide and sulphur dioxide.

Nitrogen dioxide (NOZ2js a reddish brown gas with a characteristic pahgéour. Nitric oxide
spontaneously produces the dioxide when exposedirtoNitrogen dioxide gas is a strong
oxidant, and reacts with water to produce nitriedaand nitric oxide. Significant human
exposure to NO2 can occur in non-occupational indettings (Marbury, 1998 Spengler, 1994).
Gas-burning appliances, such as unvented furnacésstoves, are the principal sources of
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indoor NOX, although kerosene space heaters arsmttolsmoke may also play a role. (Borland,
1987). In urban areas, infiltration of ambient Nfd@m vehicular emissions may also influence
indoor exposures.

Epidemiological evidences of cardiovascular effexfttNO2 exposure proceed form studies on
outdoor air pollution. Moreover, it is very diffitito differentiate the effects of nitrogen dioxide
from those of other pollutants in epidemiologidaidses.

Short-term effects of NO2 exposure have been iigagsd in time-series studies on mortality
and morbidity in Europe and North America (Katsauyia 1996; Touloumi, 1997; Samoli,
2003; Atkinson, 1999; D'ippoliti, 2003; Samet, 20@urnett, 1997; Schwartz, 1997. Morris,
1995; Wong, 1999; Mann, 2002; Wellenius, 2005; Ret2000; Rich, 2005). These studies
suggest that daily concentrations of nitrogen dlexare significantly associated with increased
cardiovascular mortality. Moreover, the resultsiofe series include an increase in mortality for
cardiovascular disease, and in hospital admission$eart failure, arrhythmia and ischemic
heart disease. Controlling for other pollutantsimes lowers the effect estimates and at others
makes them not statistically significant, and timakes the conclusions less clear. To date, no
cardiovascular long-term effect of NO2 have beenalestrated

Sulfure dioxide (SO2J% a colourless gas that is readily soluble inenabulfur dioxide is derived
from the combustion of sulfur-containing fossil &ieln nonoccupational settings, SO2 is
generally found at substantially lower concentragiegndoors than outside; however, the use of
kerosene space heaters can generate significardriedncentrations.

Literature about cardiovascular effects of SO2 e®rp and it prevalently include studies on
outdoor air pollution health effects. A review dfetature on Health effects of outdoor air
pollution in developing countries in Asia (WHO, 200s suggestive for a positive association
between SO2 levels and hospital admission for osedicular disease, in studies from Hong
Kong. The European APHEA 2 project single pollutanbdels resulted in positive and
significant sulfur dioxide risk estimates for afl the cardiac outcomes except stroke. However,
these estimates were reduced when carbon monaxidegen dioxide, black smoke or PM10
were included in the model. The authors noted sh#tir dioxide could be a surrogate of urban
pollution mixtures that in some cases is more gfisoassociated with cardiovascular hospital
admissions than particles (La Tertre, 2002-20031y8y 2003; Wong, 2002). In an analysis of
morbidity after the step-change in ambient sulfioxidle concentration in Hong Kong, Wong et
al. (Wong, 1998) concluded that for sulfur dioxidencentrations in the 5-4@/m° range in
Hong Kong, there were non-threshold and nearlyalirelationships between sulfur dioxide on
the one hand and cardiac admissions on the othiendditrends for ischemic heart disease.
Moreover, the influence of SO2 levels on PM10 eskimates has been investigated in the U.S.
NNMAP (re-analysis by Schwartz et al in 2003). Tdghors concluded that there was little
evidence of PM10 effects confounded by sulfur diexi

Ozone (O3)and other photochemical oxidants are pollutanéd #re not directly emitted by
primary sources. Rather, they encompass a groupeshical species formed through a series of
complex reactions in the atmosphere driven by trexgy transferred to nitrogen dioxide (NO2)
molecules when they absorb light from solar radratin most buildings indoor ozone has been
transported from outdoor. Indoor ozone concentngtivack outdoor concentrations with a slight
time lag that depends on the air exchange rate.

There is solid evidence that ozone acutely incieasarbidity (WHO, 2005). To date, data about
cardiovascular effects of ozone exposure are plsor@cause in studies of acute responses to
pollutants in humans it is generally not possibde separate effects due to peaks in PM
concentrations from those that may be due to ozlmna.review presented in the Air Quality
Guidelines of WHO — Europe 2005, 10 of the 15 neig studies, focusing on cardiovascular
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diseases, showed no significant effects of ozameddition, there is no clear positive effect of
ozone on any of the particular end-points evaluftegbcardial infarction, sudden death, stroke,
congestive heart failure and peripheral arteris¢dses).

Thus, on the basis of the available information,isitclear that the effects of ozone on
cardiovascular morbidity need further evaluatiorH®/ 2005). However a recent analysis of the
link between ambient air pollution and the riskhofpital cardiac readmissions of Ml survivors
suggests that the strength of associations witresdaly CO, @, or NGO, was similar to that for
PMjo (von Klot, 2005) suggesting a significant conttibn of ozone among gaseous co-
pollutants.

Identification of susceptible population subgroups

People who already have heart disease are at apdtigh risk of acute events, if exposed to
SHS.

At CO levels typically encountered in indoor anddmor environments, health effects are most
likely to occur in individuals who are physiologiiyastressed, either by exercise or by medical
conditions that can make them more susceptibleow levels of CO. Subpopulations at
increased risk of adverse effects are:

1. Individuals with cardiovascular diseases: COENels of 2-6% may impair the delivery of
oxygen to the myocardium causing hypoxia and irgngacoronary blood flow demand by
nearly 30%. When myocardial oxygen demands areased, as in exercise, the hypoxic effects
of CO may exceed the limited coronary reserve produadverse health effects including
earlier onset of myocardial ischaemia, reduceda@sertolerance in persons with stable angina
pectoris, increased number and complexity of ammyas, and increased hospital admissions for
congestive heart failure.

2. Fetuses are more susceptible to CO exposursefla@ral reasons: CO crosses the placenta;
fetal Hb has greater affinity for CO than materhid; the half-life of COHb in fetal blood is
three times longer than that of maternal blood, thedetus has high rate of oxygen consumption
and lower oxygen tension in the blood than aduitso, maternal smoking during pregnancy
exposes the fetus to greater than normal concemtsabf CO leading to a decrease in birth
weight.

3. Children develop acute neurotoxic effects (bgpdaches, nausea), long-lasting neurotoxic
effects (e.g. memory deficits) and impaired abitityescape (i.e. syncopes) at lower (COHb)
than adults. Children have greater activity lexsld smaller body masses than adults and should
therefore experience higher levels of CO uptake th#l adults for the same average exposure
concentration.

4. Pregnant women have increased alveolar veotilatncreasing the rate of CO uptake from
inspired air. Also, a pregnant woman produces geéaite as much endogenous CO.

5. Individuals with chronic obstructive pulmonaryisease such as chronic bronchitis,
emphysema and chronic obstructive pulmonary disagsenore susceptible to CO effects, since
their lungs are less efficient at oxygenating ttzob.

6. Individuals with reduced blood haemoglobin carcaions, or with abnormal haemoglobin,
will have reduced O2 carrying capacity in blood.alddition, disease processes that result in
increased destruction of red blood cells (haemsg)ysand accelerated breakdown of
haemoproteins accelerate endogenous production Of @sulting in higher COHb
concentrations than in normal individuals. For eganpatients with haemolytic anemia have
COHb concentrations 2 to 3 times those seen in alomdividuals.

7. Certain occupational groups are at risk from iambCO exposure including those who work
on city streets (street repairmen, street cleanstrget vendors, deliverymen, and garage
attendants, taxi and bus drivers). Individuals wdark in industrial processes including those
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exposed to other chemical substances (e.g. methybloride) that increase endogenous CO
formation.

8. Individuals who have not adapted to high alét@hd are exposed to a combination of high
altitude and CO.

As to short-term and long-term air pollution (inding PM and gaseous pollutants) exposures
related to cardiovascular diseases, whether threrspeecific individuals or subsets of patients at

increased relative risk is less well documentedn&observations have suggested that people
suffering from cardiovascular diseases are moreerable to particles and NO2 and persons

suffering from asthma and other respiratory disease more susceptible to particles. Moreover,

the elderly and those with less than a high sckdacation (low socioeconomic status) may be

particularly susceptible populations. Accordingatbew recent studies women gender seems to
be more prone to cardiovascular effects of PM than.

Conclusions

Environmental cardiology is a emerging field ofeasch. The identification of modifiable risk
factors for cardiovascular disease such as smo&mydiet, supports the perception that the
environment significantly influences cardiovascul@alth. The indoor environment represents
an important microenvironment in which people spanarge part of their time each day, so that
exposure to cardio-toxic indoor air pollutants ebuhave a role in the cardiovascular
etiopathology.

Assessment of the policy relevance of literature da

PM

Evidence is emerging that exposure to low concgeatraf PM is associated with cardiovascular
mortality.

During the past 15 years, a number of studies ifihta link between short term PM exposure
and overall cardiovascular mortality. Direct asations have also been identified with respect to
incidence of ischemic heart disease, arrhythmiad, heeart failure. Elevations in air pollution
have also been associated with increased bloodyreesLong-term exposure to PM have been
demonstrated to be independently related to caagmyar mortality in general and in particular
to mortality for ischemic heart disease, arrhythrhart failure and cardiac arrest.

To date, there have been only a limited numbertudies on the association of measures of
ultrafine particles with risk of cardiovascularefs.

Current evidences suggest a possible link betwapnseire to indoor PM and cardiovascular
diseases onset, however more research is needeathAre is a need to identify the role of the
ultrafine fraction.

Secondhand smoke

Many reviews have been published summarizing thileegological studies about the
association between SHS and increase risk for CVD.

Carbon monoxide

At CO levels typically encountered in indoor enwineents, health effects are most likely to
occur in individuals who are physiologically stredseither by exercise or by medical conditions
that can make them more susceptible to low levelSB®@. Subpopulations at increased risk of
adverse effects include: individuals with cardiotdar diseases, pregnant women also with
respect to fetal exposure, children, subjects wakimonic obstructive pulmonary disease,
individuals with reduced blood haemoglobin concatins.
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Gaseous pollutants

Epidemiological evidences of cardiovascular effexfttNO2 exposure proceed form studies on
outdoor air pollution. Moreover, it is very diffitito differentiate the effects of nitrogen dioxide
from those of other pollutants in epidemiologidaidses.

Literature about cardiovascular effects of SO2 e®rp and it prevalently include studies on
outdoor air pollution health effects.

To date, data about cardiovascular effects of osxp@sure are poor. Thus, on the basis of the
available information, it is clear that the effeat$ gaseous pollutants on cardiovascular
morbidity need further evaluation and no clear ¢asions can be made.

Assessment of the relevance of indoor exposure tlisteold levels

PM

As to PM, exposure threshold levels are not yetifipelly stated for indoor air. The American
Society of Heating, Refrigerating, and Air-conditiog Engineers (ASHRAE) has adopted, for
indoor air, the outdoor limits of the US-EnvironnenProtection Agency - National Ambient
Air Quality Standards (US-EPA-NAAQS), as concern BIM(150 pg/m/24h). This value is
higher than the corresponding limit for outdooraiality reported by WHO, that is 5@/m>/24

h. There are no indoor standards for PM2.5. WH@yests, for outdoors, 35g/m*/24 h and 10
ng/m*/1 year respectively.

Secondhand smoke

The adverse effects of exposure to environmentadoo smoking (ETS) are well established
ETS exposure occurs in private households, work @malic places. Several countries have
enacted legislation that prohibits smoking in warkd public places, but the interest towards
policies to address exposure in households is tmoied.

Carbon monoxide

On the basis of human clinical data, to protect simoking, middle-aged and elderly population
groups with documented or latent coronary artesgase from acute ischaemic heart attacks and
to protect the fetuses of non-smoking pregnant wofrem untoward hypoxic effects, a COHb
level of 2.5% shoul not be exceeded. not to excaedOHb level of 2.5% the following
guideline values and period of time-weghted avegposures have been determined:

100 mg/ni (90 ppm) for 15 min

60 mg/n? (50 ppm) for 30 min

30 mg/nt (25 ppm) for 1 hour

10 mg/nt (10 ppm) for 8 hours

The US EPA’s National Ambient Air Quality StandgidAAQS) is again 10 mg/fnfor an 8-
hour average.

Gaseous pollutants

As to nitrogen dioxide a 1-hour guideline of 2a§/m® is proposed (WHO).

As to ozone, the fisrt edistion of Air Quality Gelthes for Europe recommended a 1-hour
guideline value of 150-200g/m".

Control options
In order to decrease indoor air pollution, measwass be implemented with various types of
actions. These include mandatory and voluntarpaston international or national level.

Building codes and standards

As the buildings represent the largest share opgaty values in Europe it is natural that the
quality of buildings are controlled with Europeamdanational building codes and standards. For
the construction industry the common European staisdwould be beneficial. Of course the
climatic and cultural differences should be consdein the standards and guidelines.
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Prenormative work (ALA 2001, ASHRAE 62, ASHRAE GRIC2001, Bjoérck 2002, Canadian
standard Z204-1994, CIB 2002, ISO 2002, CEN TC 2662, HB 2000, Jonsen et al. 1996,
Samuelsson 2000, Tuomainen 2002) done by resaastitutes, construction companies and
professional organisations is important in thisaarBuilding codes and standards are needed
specially:

- to improve ventilation and

- to control moisture in buildings.

Consumer information

A way to implement the measures is based on vatymtetions with education and information
campaigns. The patient associations like the mesd@eties of European Federation of Allergy
and Airways Diseases Patients” Association haviengortant role in implementing this type of
campaigns, however, the campaigns should be implesden co-operation with professional
organisations and with government support. Goodergpce of this type of successful
campaigns is the Finnish Asthma Programme (AsthrogrBmme in Finland 1994-2004). The
programme has been effective. Mortality and daysospitalisation have decreased even though
percentage of asthmatic persons has increaseditdoid during the last twenty years (Haahtela
et al. 2001). Shorter campaigns like Swedish IndGbhmate Year 1999 and Finnish Indoor
Climate Information and Education Year 2002 (Seppd2003b) have also been effective. Some
efforts have also been done on the internationadl INato). The campaigns should focus, but
not limit to the following actions:

- to limit the exposure to environmental tobaccolsen

- to improving cleaning and housing hygiene

- to avoid the use of carpets and other harmfulemals

PM

As to indoor generated particulate matter, measumetide the control of the source,
improvement of ventilation, better cleaning and $ing hygiene and avoiding of carpets. The
use of vacuum cleaners and central vacuum cleayisigms should be encouraged, along with
the development of performance criteria for vacutleaners, the cleaning after or before the
operation hours of the schools and offices shoaldrcouraged.

Carbon monoxide

As to CO, the main measure to be adopted to re@@devels is controlling the source of
exposure. Management options include: connectirgp @mbustion equipment/appliance to
chimney or vented hood, ensuring sufficient locdtact ventilation in kitchens with gas stove,
mandatory inspection and maintenance of indoor cmtitn devices, and CO alarms.

Following general recommendations are also sugdeste

* Restrict tobacco smoking in all indoor spaces;

« Restrict the construction of attached garagesadate them from living and working spaces;
 Ensure that ventilation dilutes predictable indemissions below the guideline levels;

 Raise public awareness about indoor air risks.

Gaseous pollutants

As to NOx, preventives measures to be adopteddecthe control of the source, improvement
of ventilation; the use of electrical kitchen appites should be encouraged, while the use of
unvented heating appliances should be avoided.
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Introduction

Health is a state of complete physical, mental soaal well-being and not merely the absence
of decease or infirmity (WHO 1948). Therefore, thealth effects of interest indoors include

both adverse effects and changes of well-beingdBig-Related lliness (BRI) is a group of such

health effects with known causality between sym@and indoor exposures to air pollutants.
Generally, these causalities show a uniform clinipeture and a specific cause of the

complaints. Many of the BRIs are manifestationseddatively low exposure levels of adverse

effects known from high e.g. occupational exposurése symptomatology is therefore

important for diagnoses of adverse effects at liomg low exposure levels indoors. Therefore,
the prevalence of building-related symptoms (BRIg@mmonly used to characterize the indoor
air quality (IAQ) in office buildings (Niemela et 2006). An association may exist between BRI
and productivity or sick leave (Niemela et al 2006)

The term objective health effects is used for qifiabte changes or signs observed by an
independent observer (not the exposed person).omrast, symptoms and perceptions are
personal experiences or judgements made by thesedpoccupant. Often, symptoms are
unspecific i.e. many exposures may cause eacheoi.therefore they do not alone identify the
exposure cause. For each symptom multiple respoosifiers and multiple biases are possible
and different persons may have different spectrachiatensity of symptoms. Also, most indoor
exposures may cause a number of different signs symptoms. Therefore, objective

measurements of effects are preferred and subgeriings should be substituted by objective
measurements where possible but unfortunately fewagailable. On the other hand, objective
measurements are expensive and time consumingt avifiéch in many cases prevent their use
and in the absence of instrumentation for chemidkction of small amounts of some air
pollutants, the senses remain the most sensitdieator system (Berglund et al 1992). Added to
this is that discomfort is subjective by nature asahnot be measured without subjective
evaluations. Many symptoms are therefore imporgzet se, and cannot be substituted by
objective measurements.

Aims

This chapter aim at both an update on the biolédiezkground for known symptoms and
perceptions in IAQ science and practice as wefirasenting some of the newest literature in the
field. The paper discusses how subjective evalostican be substituted by objective
measurements, and if IAQ guidelines can be deffoedigns and subjective symptoms. Finally,
recommendations are given on guideline settingsIA®. This review includes literature
younger than a review made by Berglund et al (19B2Joes not pretend to be complete but
merely summarizes uses of symptoms and percepdiamsg the last 5-7 years in IAQ research
and managements of buildings. The focus is on symgtand subjective ratings, not on
objective health effects.
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Brief description of symptoms and perceptions dair tcauses

Indoor airborne exposure of humans to indoor palfitd may either affect sensory systems or
result in tissue changes. Table 1 summarises sébmhe diological reactions or processes which
may be active in human responses to poor IAQ.

The chemical sense

The chemical senses include specialised recemioisdburs and irritants in eyes, facial skin and
nose cavity. These senses incorporate n. Olfastgadours) and n.Trigeminus (irritants). Most
odorous compounds are also irritants and visa vensiathe chemical sense acts as a warning
system (Berglund et al 1992). Mixtures of pollusamay interact and one odorant may mask
other odorants (e.g. Pan et al 2000). The time seowf effects may show adaptation or
accumulation of effects which create problems foe tinterpretation of causality behind
activation of the chemical sense.

Unspecific pain and irritative receptors

Unspecific pain and irritative receptors in thenskr mucosa of eye, nose, throat, and air ways
are other sensory systems active in response twirair pollution (IAP). These senses detect
the status of the tissues including presence obrabksd irritants or initiate release of irritating
signalling compounds or reflexes in the exposeslids

Visual observations

Visual observations are involved in observationslaf rashes, smog, or dust in the air and thus
influence the subjective evaluation of the effexftpoor 1AQ.

Immunological responses

Immunological responses to Indoor Air Pollution PAinclude such diseases as allergic asthma
and extrinsic allergic alveolitis (hypersensitivigneumonitis) which are the two most serious
allergic diseases caused by allergens in indoorAdliergic rhinoconjunctivitis and humidifier
fever are other important diseases. The biologiwathanisms include immunological specific
IgE sensitisation to an airborne allergen. The tgpsymptoms observed in allergic asthma is
characterised by reversible narrowing of the loaieways leading to difficulties in breathing,
tightness of breath, respiratory sounds etc. O$lyarptoms are itching of the eye and/or the
nose, sneezing, watery nasal secretion and sonfiinets of the nose. Pulmonary function
during an attack shows an obstructive pattern iloge cases together with reduced respiratory
ventilation capacity. Many objective measurements available but may not apply at low
indoor exposure levels where the symptomatologpimes more important.

Inflammation

Two types of sensory irritation appear in the atare to be related to indoor climate and air
quality: a primary sensory irritation caused by edir stimulation of sensory cells by
environmental exposures and a secondary irritat@ilowing changes in the skin, mucous
membranes, or other tissues (Berglund et al 19@g¢h of these may subsequently lead to the
other. Often inflammation is a direct effect of oheals on the tissue cells leading to cell
damages. Through release of mediating compounds;els may signal the need of activation
of defensive responses. Inflammation is chara@eérisy a sensation of heat ("calor’), redness
("rubor"), swelling ("tumor"), pain ("dolor") and @ertain loss of function in the tissues affected.
Non-allergic asthma-type of responses may be eklédeinflammatory responses. lIrritative
effects on tissues can be a considerable annoygititar in terms of severity of effects on an

107



individual or in terms of the number of personsefiéd. Irritative effects causing tissue changes
in the skin and mucous membranes have been reportethny forms, although they have
seldom been seen in an adverse form to follow exjgo® normal indoor air (Berglund et al
1992).

The body’s signalling systems

Body signalling systems may be activated by biomakor neural activity. These reactions
follow both from immune and inflammatory response®d include biomarker or mediator
compounds released in the tissues and neuraltgdtivihe form of reflexes. Both are signalling
the status of the body and initiate defensive resps where needed. Immune responses or weak
irritative reactions may lead to release of signglcompounds or biomarkers such as histamine
or cytokines. These compounds may by themselvesribative in the tissue and may thus
accelerate the irritative effects. These respons®g be observed as rashes, skin reddening etc.
Neural reflexes are often defensive reactions. $yxmptoms are related to watering eyes,
secretion of mucosa or tears, increased blood iitotlie exposed tissues, bronchial constriction,
or cilia movements in the upper airways, or coudie effects may often but not always appear
at the site of contact on the exposed skin or maicos

Central nervous system (CNS)

Symptoms or perceptions are reported as processdubions incorporating many symptoms or
perceptions such as perceived comfort or air gudlitis not known how this is done in the
Central Nervous System (CNS). They are typicallyoreed by the occupant as prevalence or
intensity of symptoms or perceptions. The reporéesstrongly affected by personal or external
biases, and frequently adaptation and sensitizajpear.

The two dimensions of symptoms and reports

Indoor air pollutants may each activate a multitodéiological mechanisms and subjects are
often experiencing many exposures at the same B@eause of this and the complex nature of
the resulting subjective reports as described abowe consistent and general agreed
classification exists of reports of symptoms or lexdaons of IAQ. Here a suggested
classification is found in table 2 which shows thggoups of perceptions, symptoms, well-being
and other subjective health effects in relationlA®). The table is a modification of a
classification suggested by (Berglund et al 1998 three groups of symptoms and perceptions
are here for simplicity called “Perceptions of bddgictions”, “Environmental perceptions”, and
“Processed reports or evaluations”. These clagsededined with consideration to whether they
can be replaced by objective measurements or nibttioe target value for their prevalence in
guideline setting is zero or not.

Perceptions of body functioning

Perceptions of body functioning are reported symgtof mal-functioning body systems, inside
the body or on the body surface. These may be ddmgemmune or inflammatory reactions.
Focus of occupants’ reports are on the type of mgaffected such as eyes, nose, mouth, or
throat (exposed mucosa), skin, respiratory malfongtallergic asthma responses, non-immune
responses, bronchial constriction, CNS changes (eagtion time and errors), and increased
responsiveness (e.g. hyperreactivity, allergy). Wah the biological mechanisms mentioned
above may at the same time be involved in eachriegpeymptom. Typical symptoms are
dryness, increased secretion, perceived irritagongness, cough, tightness of breath, headache,
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rashes, stinging, itching, burning. Although biatadly different, subjective reports of irritation
of mucous membranes in eyes, nose, and throat eddusenflammatory or immunological
responses cannot be separated from responses dfidh@cal sense n.Trigeminus. In principle,
objective measurements can be used for most ifantll and objective measurements exist for
many of the physiological effects reported by thiesdy perceptions but not for all. These body
perceptions are characterized by a target valugydadeline settings and recommendations of
zero prevalence.

Environmental perceptions

Environmental perceptions include perception oféheironment including the presence of any
air pollutants. Typical reports include odours esponse to odorants in the air (n. Olfactorius)
and irritation (n. Trigeminus and the chemical ®ns mucous membranes, nose and eyes, and
facial skin (unspecific censors in the skin mayrimduded). Other important IAQ senses relate to
air temperature, humidity, and vision. The enviremtal senses also include hearing, taste,
noise, draught, and illumination. These will not dealt with in this summary. Adverse
perceptions are unwanted changes of life quality tans full-value health effects (Berglund et
al 1992). However some levels of perceptions ayeired to allow persons to follow changes in
the status of their environment. It follows thag¢dk perceptions may have a D-R relation of U-
form i.e. in guideline settings the prevalence eaig non-zero. The detection of ocular and nasal
sensory irritation increases as a function of vapmncentration at much higher rate than that
for the detection of odour. However the odour istgnof mixtures of odorants cannot presently
be predicted (Cometto-Muniz et al 2004). Althougbldgically different, subjective reports of
activation of the chemical sense and n.Trigemiramot be separated from responses caused by
irritation of mucous membranes in eyes, nose, amaat following inflammatory or
immunological reactions in the tissues. Recent wiotkis area is summarized above.

Processed evaluations and syndromes

The processed evaluations are based on multiplepteyns or perceptions. They are
interpersonal dynamic interactions expressing teBesgn’s emotional content of body and
environmental perceptions.

Processed evaluations are important indicators Ad. | By definition they are based on
psychological processes and thus cannot be docedhenithout using subjective reports.
However, they are difficult to use in scientificsearch and in investigation of buildings with
poor IAQ. They include many symptoms” complexeshsag syndromes (a spectrum of related
symptoms) and overall evaluations of many symptaosbined into one evaluation. An
example is the "Sick Building Syndrome" (SBS) inieththe affected workers report non-
specific symptoms only during the time at work, taféen with no known cause (Berglund et al
1992). Symptoms reported in SBS have typicallyudeld mucous membrane and eye irritation,
cough, chest tightness, fatigue, headache, andsealehe criteria for the definition of SBS are
summarised in Table 3. More details on the SBShmfound in a monograph prepared by a
group of experts for the Committee of the COST @&iRR] the reader is referred to that document
for further information (EU 1989, Berglund et al9). The use of SBS should be discouraged
and replaced by multi-symptom questionnaires siciMBd 40 (Lahtinen et al 2004). Other
examples are “Perceived air quality” which is a tmig of odour, irritation, stuffiness, feeling of
heavy head, stuffy or stale air resulting from siimion of both the nerves Trigeminus and
Olfactorius, “Comfort” or “Well-being” which seemo be a mixture of body symptoms or body
perceptions. Discomfort and general well-beingiareany investigations used as independent
evaluations. “General Well-being” or “General Symps” in many publications seem to be a
mixture of body symptoms or body perceptions, Etonally, productivity and absenteeism has
been related to IAQ. Productivity and learning adfyaare also integrating CNS changes.
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The main indoor air pollutants and related souczessing the disease

The relevant IAPs are those which alone or in coiion can stimulate our senses or cause
tissue changes i.e. all known indoor airborne chkatsiat some level (maybe excluding radon
and CO). The pollutants may be gasses, vapourblevia@ non-viable aerosols or particulate

matter, allergens, etc. The risk factors also ideltechnical causes such as ventilation, humidity
and temperature. The sources of IAP are found irsdand outdoors and include humans, their
activities, processes, maintenance, furniture, etc.

Perceptions of body functioning

In recent investigations symptoms related to mueoembranes in eyes, nose, mouth, and throat
are symptoms frequently related to poor IAQ (Skgbetr al 2003, Peitersen et al 2006). These
symptoms are reported from office buildings (Raijidt al 2004, Wolkoff et al 2006) or
buildings with low ventilation (Wargochi et al 200Bymptoms have been related to house or
office dust exposures (Pan et al 2000; SkulbercaleR004, Chao et al 2003), chemical
contaminants from the sewer system and damp catistnumaterials (Putus et al 2004), and
with mould exposure (Ebbehgj et al 2005; Hirvoneralel999; Park et al 2006). Pharyngeal
dryness increased when temperatures rose and \eagid with a rise in relative humidity
(Reinikainen et al 2003). Symptoms related to skieas are frequently reported from field
surveys (Skyberg et al 2003). Recently reporteduggested causes are exposures to mould
(Ebbehgj et al 2005), storing of organic wasteh@ home (Herr et al 2004a,b), and house or
office dust (Skulberg et al 2004). Examples of medpry symptoms are cough, tightness of
breast, asthmatic symptoms, phlegm, wheeze, digbstéss, attacks of shortness of breath, and
attacks of cough. These symptoms are reported lnafdings with low ventilation (Wargochi et

al 2000). Chemical contaminants from sewer systachdamp construction materials (Putus et
al 2004) exposures to house or office dust (Paal 2000; Herr et al 2004b), mould exposures
(Hirvonen et al 1999; Putus et al 2004; Chao eR@03) have been suggested as cause.
Significantly increased lower respiratory symptonese associated with Endotoxin in floor dust
(Park et al 2006). In field surveys, symptoms eslato CNS and performance are frequent
(Skyberg et al 2003). Examples are difficulty innking clearly, concentration difficulty,
headache, feeling of fatigue, heavy-headednesggishness, sleepiness, nausea, etc. These
symptoms are reported from buildings with poor uatibn (Wargochi et al 2000). The
symptoms are often work-related (Reijula et al 20@ccupants in open-plan offices more
frequently complain about CNS symptoms than occtgpanmulti-person and cellular offices
(Peitersen et al 2006). Some reported or suggesteses are house or office dust (Pan et al
2000) and moulds in the indoor environment (Hirvoeeal 1999; Ebbehgj et al 2005).

Environmental perceptions

Dampness in dwellings, with emissions of odorousgounds, is associated with an increase in
symptoms (Engvall et al 2002). The indoor clima&ibnditions seem to influence the perception
of odours. Any kind of humidity seems to increasluwr sensation (Reinikainen et al 1997,
2003). A combination of odours and signs of highmidity in buildings was related to an
increased occurrence of all symptoms (Engvall &082). Increasing ventilation decreased the
percentage of subjects’ odour reports, and inctetse perceived freshness of air (Wargochi et
al 2000). N.Trigeminus and the chemical senserfaation are found in mucous membranes of
nose and eyes, and facial skin.

Processed evaluations and syndromes
Occupants in open-plan offices are more likely éocpive poor air quality than occupants in
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multi-person and cellular offices (Peitersen e2@06, Reijula et al 2004, Wargochi et al 2000).
The recently reported or suggested causes are calecontaminants from the sewer system and
damp construction materials (Putus et al 2004} wibuld exposure (Ebbehgj et al 2005), lack
of office cleanliness, and low job satisfaction &het al 2003). Processed ratings such as
perceived “Air Quality” may be significantly coregbd with other responses (Pan et al 2000).
Recently several groups have discussed a priogtisif the most IAQ relevant compounds
(WHO 2006, 2007, Cochet et al 2006, Kotzias et0852 Anonymous 2006).

Epidemiology: incidence/prevalence of the disedask attributable to IAQ, time trend

Definition of exposure scenario and risk groups

The rights of the population to healthy indoor @amments are specified in a WHO document
(Mglhave et al 2000). The exposure scenario ankl gimups relevant to symptoms and
perceptions indoors include in principle the enpipulation, the exposures it receives in all
build environments during a whole life. The popugat to consider includes the whole
population, of all ages, both genders, and all iseities, etc. Excluded are build environments
with special requirements or regulation. Exampléswch excluded indoor environments are
industrial work places, hospitals, transportatitm €hese environments are excluded because of
special pollutants, sources, or persons at espagialrisk e.g. because of diseases.

Incidence/prevalence of buildings with increasedcdimfort and increased frequency of
symptoms and the risk attributable to IAQ

The fraction of the incidence/prevalence of repoftsliscomfort and symptoms which can be
related to indoor air quality is not exactly knowHowever, in buildings without specific
complaints of poor IAQ the prevalence is often elés zero and normally below 30% of the
occupants. In affected buildings the prevalencemoftanges between 50 and 100% of the
occupants. The most frequent effects related t@andiir quality (IAQ) seem to be acute
physiological or sensory reactions, psychologieaictions, and subacute changes in sensitivity
to environmental exposures (Berglund et al 199®je@ive, adverse health effects of poor IAQ
are well known but rare compared to the prevalesfcanwanted symptoms and perceptions
(Berglund et al 1992). Because of the unclear ambjestive nature of evaluations and
complaints no clear definitions exist for the uregggable prevalence and no reference values or
golden standards exist on which conclusions carbd&sed. In the literature, the levels of
prevalence, which have been called abnormal rang@m f10% to 100% depending on the
symptom or perception in question. There is good smbstantial evidence for the relation
between Indoor Air Pollutants (IAP) and symptomd perceptions (Berglund et al 1992).

Productivity and absenteeism has been related @ Results from a preliminary study yield a
significant association between classroom-leveltilaion rate and test results of student
performances on standardized aptitude tests tleah@ministered to students on a yearly basis
(Shaughnessy et al 2006).A review of 23 studiegesig that a linkage exists between typical
BRIs and productivity indicators such as task omkwperformance or absence from work.
Quantitative associations between BRS and productiwwere demonstrated in two office
environments (Niemela et al 2006).The existingrditere indicates that ventilation has a
significant impact on several important human ontes including task performance and
productivity among occupants or sensory panels g&sn et Fisk 2004). The size of the
decrease of productivity in most aspects of offimek performance appears to be as high as 6-
9%, the higher value being obtained in field vaima studies (Wyon 2004).In an intervention
study the performance of four simulated office gagkproved monotonically with increasing
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ventilation rates, and the effect reached formgiificance in the case of text-typing. For each
two-fold increase in ventilation rate, performamogroved on average by 1.7% (Wargocki et al
2000).Another intervention study indicated that ithéoor air quality improved productivity by
11%, compared with a 4% reduction of productivitnamg the control group of workers
(Menzies et al 1997).Recent studies show that irgn@nt of IAQ by a factor of 2-7 compared
with existing standards increases office produstiand school learning significantly, while
decreasing the risk of allergic symptoms and astimh@mes (Fanger 2006).

Time trend related to indoor pollution

The incidence/prevalence of discomfort and symptbias been changing over time reflecting
changes of the exposure the population receivesoaritie sensitivity of the population. In
addition the population may have changed its risicg@ption and thus register and respond to
symptoms which previously would have gone unrepgor@portant factors are reduction of the
ventilation to save energy, introduction of newldhmg materials and construction procedures,
new consumer products, and an increased fractiothefpopulation with different types of
hypersensitivities. Through the last 50 years marmgnges have happened up and down in such
factors but because of the unspecific nature oktmeptoms the overall trend of the prevalence
for the entire mass of buildings has been rattedrest

Impact of indoor pollution to the burden of disesaaad cost estimates

The burden (both economically and in changed weltjecaused by symptoms and discomfort
related to indoor air pollution is unknown. Theoeamical costs include both losses
experienced by the individual, costs induced onltlwal network or organization which this
individual is part of (e.g. renovation of buildings sick leave) and costs inflicted onto the
society e.g. in the form of medical therapy or yagtirements. Added to this are indirect costs
e.g. related to guideline setting and their enfioreet and control.

The following is a constructed example illustratitig costs of poor IAQ in a typical office
building. The building is assumed to be a suburbarstory office building, each floor of 500
m?, and it was built in 1980. The estimated pricettoé building is US$ 6 000 000. The
ventilation system has a heating and cooling systema temperate climate. The energy
consumption is US$ 15/or US$ 105 000 each year. There are 30 employeesch floor, i.e.
420 employees. The average annual salary is USB@®orresponding to a total annual salary
of US$ 14 700 000. Total annual turn-over of businm the building is US$ 50 000 000. A
HVAC company suggest to invests US$ 200 000 inHRAC system to optimize the system
within the existing HVAC guidelines and estimatattthe owner will save 50% of the energy
cost corresponding to a pay-back period of 2 yelng process also includes that hazardous
cooling liquids are exchanged with new environmintacceptable liquids. This renovation is
done.

One year after the expected energy savings areguéstly found (now US$ 53 000 a year) but
multiple complaints about poor IAQ e.g. thermal ambustic environment and odours are
reported among the occupants. The number of lodtimgpdays due to sick leave increases from
7 to 12%. The turn-over of staff increases from 1G%615% annually and reduced work
productivity from 100% to 97% is reported but thesaciations to IAQ of these two last are
uncertain. After four years an IAQ investigation nsade by external consultants. Their
recommendations are that changes should be matie iouilding and its HVAC system. Total
price: US$ 200 000 (incl. US$ 50 000 salary). Thanges result in increased operational costs
to US$ 75 000. Symptoms and sick leave returns domal. The energy savings are
environmentally friendly and support the corporgtals. The trade-off is decreased well-being
and work satisfaction among occupants. This isregjdhe corporate goals and humans rights to
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a healthy indoor environment. Energy savings cpording to US$ 53 000 a year are achieved.
The savings result in lost productivity due to dietve corresponding to 5% of US$ 14 700 000
which equals US$ 735 000 a year. The annual balisnd&€$ 100 000 versus US$ 750 000. The
more uncertain or potential loss due to decreaseduptivity is 3% of US$ 50 000 000 and
equals US$ 1 500 000 a year. It takes 1 monthato & new employee corresponding to US$ 3
000. Therefore 21 new employees correspond to 33¥6.- a year.

The annual losses mentioned above continued Umrgtilrénovations had been finished. In this
constructed example the economical balance is US#3000 versus US$ 288 000 in favour of
including IAQ in planning of the renovation. If tmeore uncertain potential losses are included
the balance is US$ 9 378 000 versus US$ 288 000otim cases the future operational cost is
US$75 000 a year.

Susceptible population subgroups

It is well documented that risk groups exist andnynaesponse modifying factors affect the
occupants’ responses. Examples of known risk facdoe health status (atopy, sick persons, skin
temperature), demographic data (age groups iniitireh, occupation, job function, gender), life
style (smoking), psycho-social loads (low sociapmurt or satisfactions, psychosocial and
personal biases), exposure scenario (previous arggs competing sensory stimulation,
interactions between concurrent exposures, adaptaticcumulation, duration of exposure).
Interactions between concurrent exposures and aitaptprocesses are characteristic of the
sensory systems involved in the perception of odmar mucosal irritation, further the duration
of exposure influences the perception (Berglunal 4992).

Women report symptoms more often than men (Ebbetalj 2005; Reijula et al 2004; Skyberg
et al 2003; Bullinger et al 1999; Runeson et al0B006). This may be an effect of less
favourable working conditions under which women @maployed (Bullinger et al 1999).
Responding women may have a lower sense of coleréB©C) value, a psychological
measurement of a life attitude (Runeson et al 2008)viduals who experimentally are given a
harmful bias reported significantly more health gyoms following exposure indicating
induction of a strong personal bias (Dalton 199%erefore psychosocial and personal reasons
may dominate general symptoms (Ebbehgj et al 2@&ibk Building Syndrome (SBS) may be
more common in younger subjects (Runeson et al )20K8pic disposition is a possible risk
factor for skin irritation (Herr et al 2004a,b, @hat al 2003, Runeson et al 2003, 2006, Reijula
et al 2004, Skyberg et al 2003). Lifestyle inclimassive smoking and psychosocial load are
also predictors of symptoms (Skyberg et al 200330Accupation, job functioning, low social
support or satisfactions are risk factors (Skybetrgal 2003, Chao et al 2003, Runeson et al
2006).

Conclusions related to policy making

This review shows that not much has changed simeadport of Berglund et al. (1992). The
poorly defined symptoms remain poorly understootie Tdisability associated with 1AQ
symptoms and syndromes still generates contro\etsgigson 2002).

Three types of subjective evaluations or reporisted to IAQ are identified. They are

“Perceived Body Functions”, “Environmental Perceps”, and “Processed Reports or
Evaluations”. “Perceived Body Functions” describdsanges in body functioning and are
focussed on individual organs or tissues. “Envirental Perceptions” addresses exposure
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factors in the environment. Subjective evaluatiame essential for these two last types of
evaluations and they can probably not be replagasbjective measurements.

No simple causal D-R relation can be expected @tnjestive symptoms and perceptions and
unknown biases make it difficult to use occupanggorts in science and investigations as their
personal biases can be strong. In real life siuaati the symptoms or subjective reports
prevalence’s should not be used as exposure measuoie and subjective reports from buildings
may only qualify as screening tools. It is conclddieat the use of SBS should be discouraged
and replaced by multi-symptom questionnaires. Py and personal vulnerability such as
gender, age, atopy, and asthma, as well as indpasares, should be considered in both indoor
environmental epidemiology and in practical hamglliof buildings with suspected indoor
problem, especially when the technical investigetidail to identify any obvious technical
malfunction (Runeson et al 2003, 2004, 2006). Itingportant to combine technical
measurements or inspections with a longitudinaluaten of occupant reactions (Engvall et al
2005) and indoor air temperature and humidity mayirbportant for the perceived air quality
and SBS symptoms (Fang et al 2004).

A WHO expert group has recommended that odoursbeameasured through the immediate
response of the non-adapted olfactory system gvisituations). It should be noted that odour
intensity measured by visitors does not necessayelate with the perceptions of the
occupants (WHO 1987, Berglund et al 1992). Theeefoccupants’ reports are also needed.
Regulatory agencies now require sensitivity, vafidieliability, and biological meaningfulness
of sensory methods applied for indoor air qualipntcol (Berglund et al 1992). Therefore,
investigators should use a strong quality assurpobiey in IAQ evaluations based on subjective
reports. However, to reduce bias a trained extepaamlel may have to be included in IAQ
investigations. Control groups and norm values eference groups are difficult or even
impossible to use in relation to IAQ. Taking thida consideration, the search for norm values
or a framework seems to be of limited value (Neuh&eidel 2006).

Objective methods may only apply for body percamiand some environmental perceptions,
and suggested indicators of activated defence meésha include indicators of inflammation
and immune system responses, changed biomarkeesvatulavages, condensed exhalation,
blood, and tear liquid (e.g. cytokines, cells),dexing eyes and skin, skin irritation, and rashes.
Recent indications of new biomarkers for changedybfunctions caused by poor IAQ have
appeared. Inflammatory markers may predict highvadence of respiratory symptoms
(Hirvonen et al 1999). Lu et al indicated that threnary 8-hydroxydeoxyguanosine (8-OHdAG)
level was significantly associated with SBS comqtkaiLu et al 2007). This is also that case for
matrix metalloproteinase 9 (MMP9), leptin, and a@phelanocyte which may stimulate hormone
(MSH), vascular endothelial growth factor (VEGHRpmunoglobulin E (IgE), and pulmonary
function (Shoemaker & House 2006). Neurologicalctioning may in the future be monitored
objectively through visual contrast sensitivity (8% an indicator of neurological function,
which was abnormally low in SBS patients (Shoema&eHouse 2006) and performance
measurements may be used as processed measurem@NS function. Examples are errors
made while typing, number of calls made in calltoesy and absence from work. Physiological
changes may in the future be registered objectitfaigugh blinking frequency (Ngjgaard et al
2005). Peak flow and respiratory measurements\aiable for respiratory effects and allergy-
asthmatic changes. An interesting observation igt t8hoemarker et al indicated that
cholestyramine (CSM) therapy may be an effectiverapy against SBS (Shoemaker & House
2006). The indicated objective methods can onlyubed for body perceptions, but many are
themselves not real health effects but merely brera which in addition also are strongly
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influenced by biases.

Policy relevance of the conclusions of the studies

From the previous chapters it appears that indogadutants cause unspecific effects and that
these do not unambiguously identify the exposuraniititude of biological mechanisms are
involved at the same time in the responses to piaeleéxposures indoors and only few objective
measurements are available. Some types of resparesesnot be replaced by objective
measurements and often the effects and exposumotcde quantified. Added to this, the
resulting subjective reports are affected by bras r@sponse modifiers. It follows that traditional
toxicological procedures for the establishment ofdglines seem difficult to use for these
subjective responses and evaluations and ratiomafeptive actions therefore must take into
account the level of toxicological knowledge avaléafor different polluting agents and their
health effects.From this it follows, that if IAQ igelines are to be established based on
subjective perceptions or symptoms reports thrpestyf D-R relations must be considered and
consequently also three types of guidelines. Tlaeseperceptions and symptoms with known
causality, based on quantifiable effects and ex@ssisymptoms with unknown causality, and
suggested or hypothetical causalities waiting tothfer investigations before rational decisions
can be made.

Perceptions and symptoms with known causality: Ascdbed in the introduction, a BRI is
characterized by a known causality between heaith a certain exposure. At low exposure
levels only unspecific symptoms may be present @fteh symptoms are the most sensitive
effect of IAP. It follows that most IAQ guidelinédsr BRIs will be defined from such symptoms.
At low exposure levels the presence of these umfgpexsymptoms does not by themselves
identify the causal exposure. This exposure agemist be identified by other means e.g.
measurements. Formaldehyde is an example for waititeshold for irritation/odour could be
defined in the lab. Another example is asthma oPO@aused by many types of air pollutants.
For these last diseases the symptomatology is tapofor the diagnoses. As the causality is
known for perceptions and symptoms thresholds andetine values can be defined following
traditional procedures in controlled lab settingsd aquantifiable exposures. In this way
thresholds, NOEL, and LOEL etc. can be defined arasnred under conditions where
interactions from other types of exposures candoided.

Symptoms with unknown causality: Assuming that BRI with known traditional mono-
factorial causality are dealt with as describedvabdt can also be assumed that all causalities
which in higher exposure ranges might cause mowerad and irreversible health effects in
occupants are under control. However, a group o$a#ies remain to be dealt with. Typically
these include effects with multifactor relationghifwllowing mixtures of exposures (cocktalil
effects). For the reasons mentioned above, many syrmptoms and perceptions in mixed real
life exposures do not qualify for traditional guide settings. A broad spectrum of causes is
possibly contributing to the prevalence of indivatlunspecific symptoms or perceptions in any
particular building and to SBS. Because of theldfined causality, lack of quantifiable effects
and exposure measurements etc. no strict traditgandelines can be established. However, the
importance of such complaints is well documented guidance, recommendations, labelling
systems, and emission control in these cases bettmeferred tool of prevention. These less
strict guidelines are acceptable only for discomBord SBS etc. and only if possible averse
health effects can be excluded e.g. because allaet exposures are under guideline regulation
as mentioned above. In any case an ALARA princgleuld be followed. Also the combined
effects of cocktail exposures are unsolved botlergdically and administratively. Some
procedures based on an assumed additivity may Ken taver from occupational guideline
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settings. An example of the complex nature of sgaitelines is Endotoxin in building dust

which may indicate dampness and possible micrgv@kth and thus increased risk of building-
related symptoms including building-related asthneapiratory, and systemic symptoms (Park
et al 2006). Building type especially open-planicg$ may be a risk factor for adverse
environmental perceptions and symptoms (Peitersah2906).

Symptoms with hypothetical causality: Presently, maional guidance can be given for
suggested or hypothetical causalities (such asiptaulthemical sensitivity (MCS)). In any case
an ALARA principle should be followed.

Relevance of indoor exposure threshold levels

Several procedures for prioritizing have been ssgggeby which the most important pollutants
of indoor air can be identified for subsequent gliie setting. However, no consensus exists.
While we are waiting for missing data, substituteasures might be helpful (eg. Cochet et al
2006, Kotzias et al 2005). Several working grouggehshown that principles for setting of IAQ
guidelines can be defined based on combinatiomxisfing procedures. The WHO has initiated
a working group to define such guidelines and recemdations. The future guidelines may
include both traditional guidelines for single caopds and a set of guidance and
recommendations for healthy buildings covering aittns with only minor adverse health
changes or discomfort.

Many suggested objective measurements (e.g. mesliattich are in progress to be used in
guideline setting are not real health effects bataty biomarkers of ongoing changes, and are
strongly influenced by biases. It is often quesilae if they can be used as substitute
measurements. In IAQ guideline settings three tyd3R relations must be considered. These
are perceptions and symptoms with known causdlédged on quantifiable effects and exposures
(BRI), unspecific symptoms with unknown causaliégyyd hypothetical causalities waiting for
further investigations. It is concluded that futgradelines for ventilation rate based on comfort
and health should no longer be independent of indwdemperature and humidity.

For most of the health effects for which objectmeasurements are available D-R relations and
thresholds are not available and few of the thodsar relevant chemicals have been examined
at low exposure levels. Despite this some prognassbeen seen. Recently several groups have
discussed guideline settings for the most IAQ r@h\compounds (WHO 2006, 2007, Cochet et
al 2006, Kotzias et al 2005, Anonymous 2006). Sav@rocedures for prioritizing are available
by which the most important pollutants can be idext However, no consensus exists. While
we are waiting for missing data, substitute measungght be helpful. At low IAQ exposure
range a lowest concentrations of interest (LCletgb estimates may be useful. Recommended
low and a higher action levels may also apply (Bagn et al 1997). Again no consensus exists
for such procedures. Under all circumstances an RAArinciple should be followed.

Because of the known causality behind a BRI, ttoleishand guideline values can be defined
following traditional procedures using symptomsdontrolled lab settings and quantifiable
exposures. In this way thresholds, NOEL, and LORh be defined where interactions from
other types of exposures can be excluded. Somega®dpas been seen recently in approaching
guidelines for IAQ. Several procedures for priaiitg are available by which the most important
pollutants can be identified. In guideline setting@portionments between allowable
contributions from different sources must be diseds A special case of this is how
indoor/outdoor fractions are coordinated in I/Odglines.
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The combined effects of cocktail exposures mostdealt with both scientifically and
administratively. Some additive procedures may dden over from occupational guideline
settings. Symptoms and perceptions in such mixedl Iif2 exposures do not qualify for
traditional guideline settings and guidance; indteecommendations, labelling systems, and
emission control become the tool of prevention.sehkess strict guidelines are acceptable only
for discomfort and SBS etc and only if adverse theaffects can be excluded e.g. because all
relevant exposures are under guideline regulaamentioned above.

In IAQ guideline settings apportionments betweelovedble contributions from different
sources must be discussed. We do not know howabwdéh it. A special case of this is how
indoor/outdoor fractions are coordinated in I/Odglines.

Potential of building envelope and HVAC system totect people, including the susceptible
individuals

Guidelines identify exposure levels accepted foman exposures. They are, however, costly
and time consuming to control through active measnts. The preferred guidelines therefore
are based on source and emission control. A tymgample is formaldehyde from particle

boards. Such guidelines are based on an assumdthtvem of the rooms to ensure that the

exposure threshold is not exceeded. Existing \artit guidance therefore has other functions
than minimizing energy consumption.

Indoor air temperature and humidity may be impdrfan the perceived air quality and SBS
symptoms (Fang et al 2004) and perceived indooir@mwents, non-specific symptoms, and
their associations are associated with the seddmo(e et al 2004).

It follows that a set of good practices guidanaecfanstruction, maintenance, and building usage
should be developed which covers all relevantfaskors (a healthy building’s regulations). The

risk factors include technical causes such as hatioth, humidity and temperature, IAP sources,
maintenance etc. In any case an ALARA principleusthde followed.

Open questions and research needs

There is a strong need for research on:

. How humans report symptoms and perceptions.

. On biological mechanisms involved in human respsigeAQ.

. Replacement of some of symptoms and perceptiotsobjective measurements.
. A quality assurance policy in IAQ evaluations basadubjective reports.

. Toxicological data for IAQ relevant compounds.

. The interactions between multiple exposures (cagitablems).

A consensus is required on:

. Procedures for prioritizing among the most impart&@ pollutants.

. Interim procedures for estimation of substituteadattil more accurate toxicological data
become available.

. A set of good practices for construction, mainteeaand building usage should be

developed for all non industrial building types waticover all 1AQ relevant risk factors (a
healthy building’s regulations).
. Apportionments and coordination of I/O guidelines.
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Table 1. Biological processes involved in respdoggoor IAQ

. The chemical sense for odorants and irritantsde,fayes, and nose
. Unspecific pain/irritative receptors in skin

. Vision

. Immune responses

. Inflammatory responses

. Body signalling systems

. Mediators

. Neural reflexes

. Interpretation in CNS
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Table 2. Perceptions, symptoms, well-being, arnrosubjective health effects in relation to

IAQ

. Perceptions of body functioning, symptoms of madtion of body functioning

o] Eyes, nose, mouth, throat

0 Skin

0 Indicators of respiratory malfunction, asthma, rgile responses, non immune based
responses, bronchial constriction

0 Indicators of CNS malfunction, performance, anddpiaivity
. Environmental perceptions

0 Odours, n. Olfactorius, odour masking, adaptation.

0 Irritation n. Trigeminus

. Processed reports or evaluations

0 General well being

0 Indoor Air Quality

0 Sick Building Syndrome (SBS)

0 Productivity and learning
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Table 3. The Sick Building Syndrome (Berglund|let292): A high proportion of the occupants
of the building must be reacting, and the symptoarg] reactions observed belong to the
following groups:

A. Acute physiological or sensory reactions

- Sensory irritation of mucous membranes or skin

- General malaise, headache, and reduced perfoemanc
- Unspecific hypersensitivity reactions, drynesslkaih

- Odour or taste complaints

B. Psychosocial reactions

- Decreased productivity, increased absenteeism

- Contacts to primary health care

- Initiatives to modify the indoor environment

- Sensory irritation in eyes, nose, and throat roestominating

- Systemic symptoms (e.g. from stomach) must bedgufent

- No obvious causality can be identified e.g. i@ tbrm of high exposure to single agents.
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