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Abstract

Increasing evidence suggests that exposures topaliutants present in indoor
environments are contributing factors to the rdgenbserved increase in respiratory
symptoms among young children. The SchoolAir pikitdy aimed to assess the
hypothesis that poor indoor and outdoor air quailitgchools is associated with increased
prevalence of asthma, respiratory and allergic $gmp among primary school children,
and assess the feasibility of a bigger full-scakearch project in the future. The main aim
of this MPhil project was to develop and test ahodblogy for exposure assessment of
indoor and outdoor pollutants in primary schools.sécondary aim was to assess the
prevalence rate or respiratory symptoms and tleéationship to air pollutant exposure in
different schools.

The following pollutants were measured indoors antboors: carbon monoxide (CO),
carbon dioxide (Cg), nitrogen dioxide (N@), total volatile organic compounds (TVOC)
formaldehyde (HCHO), and particulate matter of 6.8—micrometers in diameter
(PMos5.0. A questionnaire was used to assess respiraeaithheffects in children. Air
quality monitoring was conducted in three roundfour primary schools in England. Real
time measurements were performed simultaneouslthriee indoor locations and one
outdoor location within each school, for one weeking usual school hours. Personal
exposure (PE) to each pollutant was estimated auntpiime-activity patterns of children
and measured concentrations.

Findings showed important temporal and spatialai@ms in concentrations of certain air
components. The most prominent variability was olesk for PM ss0and CQ. Weekly
means for PE to PMso NO, and TVOC were higher than concentrations measured
classrooms (ME) in the majority of cases, whereasCiO, HCHO and C®the opposite
effect was observed.

The calculated coefficients of variations for MEdaRE revealed that variability of
modelled PE was higher than that of relevant MRusTimodelled PE seems to reflect more
of the actual variability of exposures that childread during their days at school than
exposures measured by fixed monitors in a classrddma results of linear regression of
PE to ME showed that for the three of the six itigased indoor air components —
PMossa NO,, and CQ — less than 50% of the variation of PE could belared by the
variation of relevant ME. For the other three plhts — CO, HCHO and TVOC the
results of linear regression were inconclusive,hal of the calculated coefficients of
determinations (B were above 0.5 and the other half were below 0.5.

Preliminary analysis of the health survey resudéigenled variations of respiratory and
allergic symptoms prevalence between the invegithachools. It was shown that the
children in one of the suburban schools, wherembeelled yearly mean PEs were in the
upper end of the inter-school yearly means rangette highest proportion of respiratory
and allergic symptoms, whereas in the rural sclio®lmodelled yearly mean PEs were
overall in the lower end of the inter-school yeamgans range, and the children of the
rural school had the lowest prevalence of symptoms.

The methodology used in this study for the assessuofechildren’s personal exposure to
air pollutants during a school day employed a comtion of measurements by stationary
monitors in school microenvironments and childreirise-activity-location patterns. This
study revealed important differences between cdragons measured with fixed monitors
and estimated personal exposures for all measuddidtgnts. This methodology is
efficient and potentially less expensive than ifdlial personal monitoring.
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1. Introduction

The increase in prevalence of asthma and alleggpiratory symptoms and diseases and
allergies among children is becoming of consideralsbncern (ISAAC Steering
Committee, 1998; Pearcet al, 2007). In the UK, prevalence of these conditiofis
amongst the highest in the world (Auséhal, 1999; Pearcet al, 2007). Environmental
exposures to air pollutants are shown to be adsaciavith increased respiratory
sensitisation and reduced lung function (Bruneketeél, 1997; Annesi-Maesanet al,
2007).

In Britain air pollution has been a long time pebl In the 18 century London suffered
from smoke pollution caused by coal burning resgliin the first air pollution law being
passed in order to reduce the nuisance from smalsed by domestic fires. During the
industrial revolution of the fcentury serious air pollution was caused by theving
industries, and as a response a series of Smok&embat Acts and Alkali Act which
aimed to control acid emissions from alkali workerev passed in mid—ffgcentury
(Woodin, 1989).

Following the great smog event that happened irdban UK, in 1952, which caused an
estimated excess death toll of over 4,000, grelaligoand scientific attention was drawn to
the effects of air pollution on human health (Brkneef and Holgate, 2002). As a result,
the Clean Air Act was passed in 1956, which esthbli smoke control areas in British
cities (Woodin, 1989).

A new era of air pollution and health studies s@in 1970-1980 when two cohort studies
were conducted in the USA, which suggested thabsxe to fine particulate matter in the
air was associated with life shortening effectsu(i@kreef and Holgate, 2002). Studies
investigating the effects of ambient air pollutiere undertaken and several associations
with adverse health were established (Heglal, 1990; Dockeryet al, 1993; Heet al,
1993; Joneet al, 1994; Popeet al, 1995; Peterst al, 1996; Asgaret al, 1998; Cheret

al., 1999; Schwartz, 2004; Annesi-Maesatal, 2007).

Indoor air pollution (IAP) is becoming an importassue in the recent decade due to its
contribution to the global burden of disease. I¢ baen estimated by the World Health
Organization, that 1.6 million premature deaths eaeised annually due to IAP in

developing countries, where women and childrenracge vulnerable because of their
daily routines, such as cooking and the use ofi$akls (WHO, 2002).



Children are more susceptible to air pollutantsntla@ults due to ongoing biological
development of their immune and respiratory systédetiwartz, 2004; Bukat al, 2006)
and higher metabolic rate, which results in moreatrs per minute and increases the
exposure of the airway per unit time (Kulkarni a@dgg, 2008). The lung is not well
formed at birth and development of full functiomaliloes not occur until approximately 6
years of age. Children also have a larger lungaserfarea per kilogram of body weight
than adults and breathe 50% more air per kilografmody weight than adults (Schwartz,
2004; Belangeet al, 2006; Liuet al, 2009). Thus childhood is a critical exposureetim
when air pollution may have significant and lastéftpcts on the respiratory health. It has
been noted that exposure to air pollutants durirepatal development or at young age

increases the risk of chronic illness and deatr latlife (Schwartz, 2004).

Recently, an important increase in the prevalerfcasthma, respiratory symptoms and
allergies has been noticed among young childrerpairticular in developed countries
(Pearceet al, 1993; ISAAC Steering Committee, 1998; Austinal, 1999; Pearcet al,
2007). Although these respiratory and allergiceiiges are of great public concern, it is not
yet fully understood what causes these conditidhe.current state of knowledge does not
permit precision about the importance of genetit emvironmental factors in development
of asthmatic and allergic conditions, however thsrevidence that air pollution such as
sulphur dioxide, ozone, nitrogen oxides, occupaitiodust, organic and inorganic
suspended particulate matter, tobacco smoke, e#m, cause an increase in airway
reactivity through mechanisms dependent on or ieddent of specific IgE antibodies
(Obtulowicz, 1993). One potential mechanism ofacf air pollutants on the respiratory

system is through enhancement of airway inflammatizelfino, 2002).

A number of epidemiological studies have examin@dssible correlation between IAP as
potential triggers of childhood respiratory illnessd aimed to measure indoor pollutant
levels and establish the relationship between exposnd adverse health effects in
children (Norbaclet al, 1990; Pilottoet al, 2004; Zhanget al, 2006; Hanseét al, 2008;
Liu et al, 2009). Health outcomes were often establishesulbynitted questionnaires, and
in some cases interviews or personal biomarker ameagents were used (Zhaeg al,
2006; Kattaret al, 2007; Eptoret al, 2008; Hanseét al, 2008; Liuet al, 2009).

Environmental factors that have been identifiedisls factors for asthma morbidity and
respiratory symptoms in children include particelatatter (PM) (Belangest al, 2006;
Liu et al, 2009) and gaseous pollutants such as nitrogexidéiqdNG,) (Pilotto et al,
2004; Belangeet al, 2006; Miet al, 2006; Khalequzzamaet al, 2007; Zhaoet al,
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2008; Liuet al, 2009), sulphur dioxide (Sp(Zhanget al, 2006; Liuet al, 2009), ozone
(O3) (Mi et al, 2006; Zhaoet al, 2008), total volatile organic compounds (TVOC)
(Adgateet al, 2004; Khalequzzamaet al, 2007), formaldehyde (HCHO) (Mit al, 2006;
Zhaoet al, 2008), carbon dioxide (CP(Mi et al, 2006; Khalequzzamaet al, 2007),
and allergens such as pollen, dust mites and atlerg@f animal origin (Daisegt al,
2003; Salcet al, 2004; Breysset al, 2005; Zhanget al, 2006). These air components are
frequently found in the indoor environment, and rbayeither generated indoors or have
an outdoor origin. In the case of IAP it is consadtethat it is not only ambient air that
influences the indoor concentration levels, bubalse presence of physical activity,
building type, occupancy levels, as well as soumfesutdoor origin (Blondeaet al,
2005; Diapouliet al, 2008; Strangeet al, 2008; Heudorgt al, 2009).

1.1. Methods of personal exposure estimation

The term “human exposure” was introduced by OtL982. It was defined d&n event
that occurs when a person comes in contact with pdutant” (Ott, 1982). A
comprehensive exposure assessment is a part afkaassessment that evaluates the

relationship between the source of a pollutantiemdealth effect.

Although an extensive research in the area of @iugon has been carried out, there are
limitations in methods and study designs which lteBu gaps in available burden of
evidence. Earlier studies that have assessed thetsefof environmental pollutants on
children’s health have relied on questionnaireadoertain both exposure and symptoms,
making it difficult to exclude responder bias a® tbxplanation for the associations
(Dekker et al, 1991; Duhmeet al, 1996). Later studies have relied on more objectiv
measurements of exposure and disease, findingsichwave also corroborated evidence
for an association between ambient air pollutiod asspiratory symptoms in children
(Brunekreefet al, 1997; Jansseet al, 2003). However, monitored ambient concentrations
of air pollutants are not representative of pers@xgosures, which are important when
evaluating the relation of exposure and health @uts at the individual level. Data
collected at central monitoring stations can prewihly a general idea of the pollution in
schools, but due to the small-area variations itupon levels (within the school), they
have very low accuracy (Mejiat al, 2011). Only a limited number of studies have used
quantitative exposure measurements of air pollatamapproximate individual exposure in
children, either at residential address (Keeleal, 2002; Jaakkol&t al, 2004; Kattaret

al., 2007; Khalequzzamaet al, 2007; Hanseét al, 2008; Jerretet al, 2008; Liuet al,
2009; McCormaclet al, 2009) or in schools (Keelet al, 2002; Pilottoet al, 2004; Miet

al., 2006; Zhanget al, 2006; Eptoret al, 2008). It is worth noting that most of the studie
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to date have also lacked the use of a more inegrapproach of understanding the
contribution of several microenvironments and salvair pollutants to the observed health

effects in children.

Personal exposure measurements can be performectigliand indirectly. In the direct
approach exposure levels are determined on anidhdilv(by using a personal sampler or
a biomarker), whereas in the indirect approach sumo levels are either measured
stationarily (ambient measurements or measurenoémiscroenvironments) or determined
by models (Ott, 1982; Monn, 2001).

The increase of interest in indoor environment aré®m the fact that humans and
children in particular spend large amount of timdadors (Silverset al, 1994; Klepeiset

al., 2001; Leickly, 2003). Recent studies have sholat thildren spent an average of
25%-30% of their time at school, 65% inside at hand overall they spent over 90% of
their time indoors at any location (U.S. EPA, 20@2igate et al, 2004). While it is
ethically more difficult to measure and improve loranvironments, as well as less
efficient in terms of reducing exposure of a tangepulation, schools are easier to access
and to improve indoor air quality on a bigger scdleerefore improved measurements,
remediation and risk reduction related to environtakexposures may be easier to achieve
in schools than in domestic environments. Neveef®l as of today there are only a
handful of studies that investigated both indoomaiality in schools and the health effects
in children attending these schools (Pilatal, 2004; Miet al, 2006; Eptoret al, 2008;
Zhaoet al, 2008).

A number of studies have shown that there are sanedl variations in concentration levels
of air pollutants (Monn, 2001; HoeX al, 2008; Gucet al, 2010) and since children move
around during their school hours the level of expesvaries according to their activities.
Thus to accurately access children’s exposurenecessary to obtain detailed information

about their daily activities (Mejiat al, 2011).

Recently there has been increased scientific isiténenteraction of various pollutants and
multiple exposures. Investigators have begun tosmreamultiple pollutants present within
the same environment, including particles, combustproducts, Ng@ TVOC and
allergens, as health effects are often relatedubipte exposures (Mitchekt al, 2007).
For example, many epidemiological studies have u$6d as a marker of combustion

related pollution mixtures (e.g. traffic exhaustsl andoor combustion sources mixtures).



Thus health effects observed in these studies naitsiat have been associated with other

combustion products, such as particles, NO, ordmmmtMorawska, 2010).

1.2. Study aims

The overall aimof the SchoolAir pilot study was to assess theokiygsis that poor indoor
and outdoor air quality in schools is associatethvimcreased prevalence of asthma,
respiratory and allergic symptoms among primaryosthchildren, and assess the

feasibility of a bigger full-scale research projacthe future.

The study is unique in the way that many factoreeve®nsidered simultaneously including
air components and parameters (five gaseous comtmorearbon monoxide (CO), carbon
dioxide (CQ), nitrogen dioxide (N@), total volatile organic compounds (TVOC) and
formaldehyde (HCHO); airborne particulate matteMjPtemperature, and humidity), as
well as assessing personal exposure and respifa¢aiih effects in children. In addition,
several other groups of factors were assessed tisengjuestionnaire — such as socio-
economic status of children’s families, their eomimental exposures at home or in a local

neighbourhood.

The primary aim of this Master of Philosophy (MPhil) project (withthe overall pilot
study) was to develop and test a methodology adquei exposure assessment to model
personal exposures of children to air pollutantscbynbining measurements in several
locations within a school (indoors and outdoord).sl envisaged that the developed
methodology could be used for studies investigatiaglth effects in children and adults in

relation to air pollution.
The specificsecondary aimsf this MPhil project are listed below.

1) Exposure assessment aims

a) To assess the variability of measured air compaheauancentrationgwithin

one school, between schools and seasonal vanabilit

b) To compare the measured exposures with relevanelheddoersonal exposures

and assess the differences between the schookcargk the seasons.

2) Health assessment ainfo assess prevalence rate of respiratory andggalle

symptoms in different schools.



1.3. Sources and health effects of selected pollutants

A subset of important indoor air pollutants wasestdd to be investigated under the
SchoolAir pilot study. These are reviewed in thect®n including their sources and

effects on human and, in particular, children’sltiea

1.3.1. Particulate matter (PM)

In the last two decades there has been an incresagadific interest and attention paid to
airborne particles. Particulate matter (PM) is karth characterise than many other air
pollutants due to its multi-factorial nature. Theaee many physical, chemical and
microbiological characteristics of PM that may lomsidered. The most important physical
properties that can be considered when investigatealth related effects are size (as
airborne PM range in size from 0.001 pm to 100 pmajnber concentration, number size
distribution, mass concentration, mass size digioh, surface area, shape, electrical

charge and light scattering properties (Morawska,02.

Particles can originate from both outdoor and indsources. Outdoor sources include
motor vehicular emissions, industrial processesvgucstations, waste disposal, fires and
road dust (Bascom, 1996; Choi, 2011), however, Kapi al. argue that combustion
engines are the principal particle source in urkamironment (Kappost al, 2004).
Indoor combustion sources of particles include oogkfireplaces, kerosene heaters and
cigarette smoking. Also particles can be emittamimfrconsumer products and building
materials (U.S. EPA, 1994; Gu al, 2010), as well as produced or re-suspended Hy suc
non-combustion indoors sources as cleaning aesvand movement of people (Adital,
2000).

The size of airborne particles in the respiratoagttduring inhalation is the most important
property, determining the deposition probabilityofidahl et al, 2009). According to
Owenet al. particles larger than 30 pm in aerodynamic diamiedéee low probability of
entering the nasal passages. Particles of 5-10 numiameter usually deposit in the
passages of the nose and pharyngeal region. Snmatécles (1-5 pm) deposit in the
tracheal bronchiolar region, whereas particles fleasa 1 pum in diameter are deposited on
alveolar walls by diffusion. Particles depositedhe alveoli require more mechanisms for
removal than particles that deposit in the uppsepiratory tract, thus they tend to remain
longer and can cause more damage to the cellshankduiman body as a whole (Oweh
al., 1992). The smaller the particles the higher ésalveolar uptake: alveolar deposition of
particles of 0.05 um in diameter is about 40% imparison with about 10% for 0.7 pm

particles (Maynard, 2000).



However, the dose to the lungs depends not onlyhendeposition but also on particle
persistence in the respiratory tract. Soluble pledi (for example, particles from efficient
combustion) are quickly dissolved, diluted and reetbby circulation. Hydrophobic and
insoluble particles (e.g. organic compounds andt sesulted from low temperature
combustion) can persist in the lungs for a longetimspecially if deposited in nonciliated
alveolar region (Londahét al, 2008). Coarse particles ( > 2.5 um) are maintyned by
mechanical processes and fine ( < 2.5 pm) andfinkrg < 0.1 um) are directly emitted
(e.g. diesel soot) and formed by chemical reactfom® gaseous precursors (Hoekal,
2008).

Some authors argued that PMparticles with aerodynamic diameter under 2.5 pright
better describe the component of particulate masponsible for adverse effects since
this smaller size fraction is capable of penetgatmthe alveolar region of the respiratory
system with far greater efficiency than coarse iplad. It was also argued that fine
particles are more toxic than coarse particles rigtam and Yin, 2000). A number of
authors stated that the number of ultrafine pasiqUFP) is a more relevant exposure
variable than the mass of particles, as UFP hdaega surface area and can penetrate into
the interstitium and into the blood stream (Seatbl, 1995; Wittmaack, 2007; Guet

al., 2010; Morawska, 2010).

Studies conducted in the recent decade shownhaanost significant health effects from
inhalation of PM include decreased lung functimcréased respiratory symptoms, chronic
obstructive pulmonary disease, increased cardioNasand cardiopulmonary disease, and
increased mortality (Morawska, 2010). In their@etiKulrarni and Grigg summarised the
respiratory effects of particle pollution on chédr as the following: cough, asthma
exacerbations and deficit in lung function. Thehaut also noted that daily fluctuations of
PM;o were associated with acute respiratory hospitadisgions in children, absences from
school and kindergarten and increased use of asthedication (Kulkarni and Grigg,
2008).

1.3.2. Carbon monoxide (CO)

Carbon monoxide is a product of incomplete combustlt has low chemical reactivity
and thus it is inert in the context of residenceetiin the indoor atmosphere (Harrisen
al., 2002). According to th®ccupational Safety and Health Administrat{@SHA, USA)
indoor sources of carbon monoxide include the ¥alg: unvented kerosene and gas
space heaters, leaking chimneys and furnaces, drafftag from furnaces, gas water

heaters, wood stoves, and fireplaces, gas stoee®rators and other gasoline powered

7



equipment, automobile exhaust from attached gayames tobacco smoke. Incomplete
oxidation during combustion in gas ranges and urmcemgas or kerosene heaters may
cause high concentrations of CO in indoor air. Worrpoorly adjusted and maintained
combustion devices (e.g., boilers, furnaces) carsigeificant sources (Croxfordt al,
2006; OSHA).These sources of CO are important in the UK, ase fteis common for
homes to have gas as the main fuel source forrftgdtot water and cooking (Croxfoed

al., 2005).Outdoor sources of CO include motor vehicles extsatrem nearby roads,
parking areas or garages (OSHA).

CO is an asphyxiant. An accumulation of this odess| colourless gas may result in a
varied constellation of symptoms deriving from tlwempound’s affinity for and
combination with haemoglobin, forming carboxyhaetobon and disrupting oxygen
transport. Inhaled CO rapidly diffuses across dmeaapillary and placental membranes
(U.S. EPA, 1994). Approximately 80-90% of the albsar CO binds with haemoglobin to
form carboxyhaemoglobin (Georgouks al, 2002). The elderly, the foetus, and persons
with cardiovascular and pulmonary diseases arécpéatly sensitive to elevated CO levels
(U.S. EPA, 1994). Croxfordt al.reported that people with chronic low level CO esyre
frequently complain of difficulties in cognitive figtion and sometimes of emotional and
physical difficulties (Croxfordet al, 2006). Results of a more recent UK study showed
that households with at least one gas applianagh(as cooker, boiler, gas fire, or water
heater) rated by authors as “at risk” or “immediattangerous” reposted the presence of
certain neurological symptoms more often than hooisis without “at risk” or

“immediately dangerous” appliances (Croxfatdal, 2008).

Results of a CO personal exposure study indicdtatthe effects of personal activity and
indoor sources of CO greatly influenced personglosyres. The authors found that
microenvironments associated with commuting, suglingide garages, inside a car or
other motor transport, or near roadways, had thghdst CO, whereas indoor

environments, such as residences, offices, stor@gestaurants, had the lowest levels of
CO (Aklandet al, 1985).

1.3.3. Nitrogen Dioxide (NO »,)

Nitrogen dioxide is much more reactive than carbwnoxide. NQ can be both formed
and removed chemically in the indoor environmert aray therefore have greater special
variability than CO, with a greater potential fasatepancies between personal and fixed
monitoring stations concentration measurementsr{gtaret al, 2002). The major source

of anthropogenic emissions of nitrogen oxides i@ atmosphere is the combustion of
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fossil fuels from stationary sources (e.g. powemnegation, indoor heating and cooking)
and in motor vehicles. In ambient conditions nitigde (NO) is rapidly transformed into
nitrogen dioxide by atmospheric oxidants, suchzme (Brunekreef and Holgate, 2002).

In their summary paper Ashmore and Dimitroulopou{@009) indicated that the most
important indoor sources of NOwere gas appliances and kerosene heaters. The
determinants of N@concentrations in the UK homes included seasotgoou levels,
cooking fuel, dwelling type, age of dwelling, prase of extractor fans, smoking and
window opening. In the absence of indoor sourceg3; Mdoor concentrations in winter
tend to be lower than in the summer, due to lowentilation rate (Ashmore and
Dimitroulopoulou, 2009).

The relatively low water solubility of NOresults in minimal mucous membrane irritation
of the upper airway. The principal site of toxicit/ the lower respiratory tract. Recent
studies indicate that low-level N@xposure may cause increased bronchial reactivity
some asthmatics, decreased lung function in patwith chronic obstructive pulmonary
disease, and an increased risk of respiratory fiofes, especially in young children (U.S.
EPA, 1994).

As a result of reviewing existing literature Weiakigal et al. concluded that evidence for a
relationship between indoor NCexposure and childhood asthma and/or increase in
respiratory symptoms was inconsistent. The authigislighted that exposures to N@nd
volatile organic compounds (VOCs) were common idomr environments and were
suspected to trigger the same types of symptonesefibre studies investigating indoor
NO, effects should adjust for potential indoor VOCeasures (Weichenthat al, 2007).
Nevertheless, some of the reviewed studies fourgbcestions of elevated indoor
concentrations of NOwith respiratory symptoms such as cough, breathtess, wheezing
and chest tightness, and asthma exacerbationa@lgna attacks) (Franklin, 2007; Hansel
et al, 2008; Liuet al, 2009).

1.3.4. Volatile organic compounds (VOCs)

Volatile organic compounds (VOCs) are organic coumus that have boiling point
between 50 and 250°C (Godish, 2004). There arerkdsdof VOCs in the air, which
increases the complexity of indoor air pollutioru@t al, 2009). Some compounds such
as benzene, dichloromethane and tetrachloromethenénown carcinogens (Franklin,
2007).



Major indoor and personal VOC exposure studiestified the role of indoor sources and
traffic to personal exposure (Mendell, 2007; Ashenand Dimitroulopoulou, 2009). VOCs
are respiratory irritants that can be emitted ihi® indoor air of schools by building and
interior finish materials, furnishings, office epmient such as some copiers and printers,
as well as by cleaning and teaching products faimts and other art materials) (Adgate
al., 2004; Rumcheet al, 2004; Kimet al, 2007; Weichenthatt al, 2007; Guoet al,
2009). There is a hypothesis that some adverse¢hhefi¢cts of VOCs are due in part to
reactions of the human organism to the total me&tof VOCs rather than to individual
toxic chemicals (Wallacet al, 1991). Because of use of wide range of synthmatterials

in a day to day life, and due to the air tightneg$uildings constructed since the mid-
1970s, concentrations of many VOCs were found tadresistently higher indoors than
outdoors in residences, schools and offices in ldpeel countries (Wallacet al, 1991;
Franklin, 2007; Mitchellet al, 2007). Researchers of an American study estimidizid
median lifetime cancer risks from VOC exposure dase modelled personal exposures
were three times higher than those based on madelledoor concentrations, due to the
importance of indoor emissions (Payne-Sturefeal, 2004). Higher indoor concentrations
of VOCs were found to be associated with allerggathlessness, asthma and respiratory
symptoms in infants, preschool and school agedlichil (Daiseyet al, 2003; Franklin,
2007).

1.3.5. Formaldehyde (HCHO)

At room temperature, formaldehyde is a gas. I1i$s available in an aqueous solution as
formalin. Formaldehyde has been classified as dgirle human carcinogen by the
Environmental Protection Agency (USA) (U.S. EPA94% High occupational exposures
to HCHO are considered a risk of nasopharyngeaeara(frranklin, 2007).

Recent research has shown that HCHO indoor coratemts were several times higher
that outdoors, suggesting important indoor soufgeanklin, 2007; Mendell, 2007). In

indoor environments, formaldehyde can be producgdfgassing from wood-based
products assembled using urea-formaldehyde regilysv@god, particle board, medium

density fibreboard) (Zhangt al, 2006; Mendell, 2007; Guet al, 2009). Other sources

include cigarette smoke, certain paints, varnigmasfloor finishes (Mendell, 2007; Dales
et al, 2008).

Various acute symptoms from HCHO exposures indbarge been found including eye,
nose and throat irritation as well as lower airveay pulmonary effects (Franklin, 2007).

Because of its nature HCHO can be considered &saroacute toxicological agent and as
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a potential human carcinogen, thus concentraticnsgably low for prevention of acute
irritation symptoms may not protect against potdriong-term cancer risk (Daiseyt al,
2003). In their review of existing scientific lisgure Weichenthatt al. (2007) indicated
that formaldehyde was found to be associated wibpya asthma, persistent wheezing,

airway inflammation and other respiratory symptamshildren.

1.3.6. Carbon dioxide (CO »,)

An increase in the ambient level of carbon dioxbd@gs about a rise in the acidity of the
blood and an increase in the rate and depth ottorep(Health Canada, 1987). Although
carbon dioxide is not considered as a pollutanhynstudies were conducted to investigate
exposures to this gas. High concentration of carbmxide in school environments,
usually dependent on indoor activity and occupdeegls, are thought to have negative
effects on children’s cognitive performance andegahhealth (Colet al, 2007). CQ s
also an indicator of ventilation rates, of the efifeeness of ventilation routines in the
building and of excess of occupancy (Grimseticl, 2006; Heudorgt al, 2009; Almeida
et al, 2010). In their recent literature review Mejet al. (2011) note that CO
concentrations vary depending on the length anel lefvoccupancy in the classroom, type
and quality of ventilation, room design (window ar@ particular), number of windows
and window orientation. The authors also suggested CQ concentrations can be
considered as a measure of risk of transmissiomidforne diseases throughout the

classroom.

1.4. Variability of indoor and outdoor pollutant concentrations

In studies investigating health related effectemfironmental factors exposure to harmful
agents is often highly variable in time and spak=it is usually not possible to measure
personal exposures on many individuals at oncepsa¥e measurements can be performed

at various fixed sites for a limited period of tiffgrunekreetket al, 1987).

Seasonal, weekly and daily variations in indoolygahts concentrations are important to
consider while assessing personal exposure (Froatraé 2007; Sohret al, 2009). For
example, several studies found that overall indopquality was poorer in winter rather
than in other times of the year (Zhaet) al, 2006; Frommeet al, 2007). This was
attributed to lower ventilation in winter in comsm with other seasons, which led to the
accumulation of pollutants generated by indoor sesirActivities taking place indoors and
the number of people present in the room were grdeénfluence concentrations of PM,
and CQ (Annesi-Maesanet al, 2007).
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Indoor levels of air pollutants may be influencedibfiltration of these pollutants from
outdoors. For example, associations between tredslen the indoor and outdoor air were
established for particulate matter (Rileyal, 2002; Sarna¢t al, 2002) It was also found
that for pollutants which are mostly generated oatd, such as PM, elemental carbon
and ozone, personal exposures of subjects increastbdventilation rates of indoor

environments (Broweet al, 2009).

Individuals’ exposures can be modified by such degtas activity patterns, which

determine encounters with various sources of exposand the rate at which exposure
occurs (e.g. a relatively constant rate versusraba rate) (Hatch and Thomas, 1993).
Research have shown that correlations betweenngmdiom fixed area monitors and

subjects’ exposures measured with personal monidreh are presumed to relate more
closely to the true personal dose, are often wééklace and Ziegenfus, 1985; Hatch and
Thomas, 1993).

In view of the above, there is a need of furtheeegch into personal exposures of children
in schools, which would take in account spatiampgeral and seasonal variations of
pollutant concentrations. Since children move betwearious locations within the school,
it is important to measure the concentrations of pallutants at the locations where
children spend most of their school hours, pardidylat the times when most children are
at these locations (Mejiat al, 2011). To capture seasonal and inter-school ti@nis in
pollutant concentrations it is useful to measure tbncentrations in several schools of
different background pollution (e.g. schools si@htin industrial areas vs. rural schools)

throughout different times of the year.

1.5. Indoor air quality guidelines

There are established guidelines and regulatianarfdoient air pollution such as Directive
2008/50/EC on ambient air quality and cleaner airBEurope (The European Parliament
and The Council Of The European Union, 2008) oridwal Ambient Air Quality
Standards, USA (U.S. EPA, 2000), yet guidelinesifholoor air pollution proved to be
more difficult to established.

Current UK legislation sets standards for a var@tyutdoor air pollutants (e.g. the Air
Quality Strategy for England, Scotland, Wales amatthern Ireland (DEFRA (UK),

2007), Air Quality Standards Regulations (2010)gl&nd/UK), however indoor air quality
is less well legislated in the UK. Although theeerio legislation specifically related to

indoor air quality, some pieces of legislation aostech areas as smoking in public areas or
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building regulations, which contribute to addregdio the quality of indoor air (O'Connell
and Duarte-Davidson, 2007). UK regulations covenggtilation rates in schools include
the Building Act (1984), the Building (Scotland) tA2003) and the School Premises
Regulation (1999), whereas Building Bulletin 101n¥kation of School Buildings sets

criteria for ventilation rates and G©@oncentrations indoors (BB101, 2006).

In 2004 the UK Department of Health’'s Committee thie Medical Effects of Air
Pollutants (COMEAP) published a document proposgudelines for selected air
pollutants in the indoor setting — Guidance on Hféects on Health of Indoor Air
Pollutants, which among others included guideliioesa number of pollutants investigated
under the SchoolAir pilot study, i.e. CO, lénd HCHO (Department of Health, 2004).

In 2010 the World Health Organisation (WHO) pubdidha set of updated indoor air
quality guidelines. The primary aim of these guites is to provide a uniform basis for
the protection of public health from adverse eBeaiftindoor exposure to air pollution, and
to eliminate or reduce to a minimum exposure tes¢hpollutants that are known or are
likely to be hazardous (WHO, 2010).

The table below presents some guidelines which developed to control IAQ, including
residential indoor air. Only the pollutants invgated under the SchoolAir pilot study
were included in the table. All three of the reveglvsources provide guideline average
concentrations for CO, NCand HCHO, whereas only WHO and Health Canada oonta
guidelines for particulate matter exposures. Initeatd Health Canada provides the
guideline for acceptable GQOindoor concentrations. Comparing one hour average
guidelines it is can be seen that all three souazesgenerally in agreement with each
other, with the exception of Health Canada,NfDideline, which is 1.7-2.3 times higher
than these in the other two sources. Besides Hed@dthada’'s PMs 24-hours mass

concentration guidelines are 1.6 times higher iNO guideline.

There are a number of occupational safety and tndusygiene standards (most of them
originating in the USA) which were not included dnthis table. Widely recognised
National Ambient Air Quality Standards (USA) weretnncluded into the table below
either as they relate to ambient rather than indmorMore detailed information can be
found in an extensive report by the National Redeafouncil Canada — Indoor Air
Quality Guidelines and Standards, 2005, which cowame of the most well-established
guidelines and standards relating to 1AQ (includimgrupational safety and industrial
hygiene standards, as well as guideline values ims€&rmany and Hong Kong) (Charles

et al, 2005).
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Table 1 Indoor air quality guidelines

Guideline source
WHO Health Canada
Pollutant | \\ o, 2006: WHO, COMEAP{ 200I4h (Health Canada, 1987;
2010) (Department of Health, 2004 Health Canada)

6 ppm (7 mg/m) [24h] 10 ppm (10 mg/m) [8h] 10 ppm (11.5 mg/f) [24h]

9 ppm (10 mg/r) [8h] 25 ppm (30 mg/f) [1h] 25 ppm  (28.6 mg/th) [1h]
co 31 ppm (35 mg/i) [1h] | 50 ppm (60 mg/r) [30min] *2010

*2010 90 ppm (100 mg/) [15min]

20 ppb (4Qug/n? ) [year] | 20 ppb (40 ug/r) [year] 50 ppb (100 pg/M [24h]
NO, 110 ppb (20Qug/m®) [1h] | 150 ppb (300ug/f [1h] 250 ppb (480 pg/fh [1h]

*2010 *1987

0.1 ppm (0.1 mg/M | 0.1 ppm (0.1 mg/M [30min] | 0.04 ppm (50 pg/M [8h]
HCHO [30min] 0.1 ppm (123 ug/M [1h]

*2010 *2006

10 pg/n [year] 40 ug/ni [24h]
PM,s 25 ug/ni [24h] — 100 pg/m [1h]

*2006 *1987

20 pg/ni [year]
PM1o 50 ug/ni [24h] — —

*2006

3,500 ppm (6,300 mgfn
CO, - — [24h]
*1987

Notes: In square brackets are the times of exppsure hour(s), min — minutes; the year of guideline
publications are indicated after asterisk (*).

Neither of the three sources summarised in thestabbve include guidelines on TVOC,
however in their report Ajiboyet al. reviewed some other proposed guidelines (including
documents produced by the Australian National Heatid Medical Research Council, the
Finnish Society of Indoor Air Quality and Climatedathe Japanese Ministry of Health). In
general, these sources advice that the concemtrafidVOC in indoor air should not
exceed 200-500 pgfgAjiboye et al, 2006).

Although carbon dioxide is not considered as aupafit, its concentrations often serve as
indicator of ventilation rates and can be used ameker of changes in occupancy (Héi
al., 2008). Inadequate ventilation and elevated, G€vels can lead to drowsiness,
headaches, fatigue, and cause eye and throatiamitas well as impair learning ability.
Additionally, high levels of C@may indicate the presence and increased levalthef air
pollutants that could affect occupants’ health. @&ding to the UK ventilation
performance standards for school environment, #rban dioxide levels in all teaching
and learning spaces should not exceed 1,500 ppragez@ver the whole school day, i.e.
9:00 am to 3:30 pm (BB101, 2006). The same stasdamntletin state that the maximum
concentration of carbon dioxide should not exce@@® ppm during the teaching day, and
at any occupied time, including teaching, the oetip should be able to lower the

concentration of carbon dioxide to 1,000 ppm.
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The American Society of Heating and Air-ConditiapiEngineers (ASHRAE) provides an
indoor CQ value of 1,000 ppm as an indicator for where hulmasffluents (odours) may
interfere with acceptable human comfort. Howeveris tvalue serves only as a

recommendation and is not a regulated standard.

Research in the area of IAQ is becoming of growiatjonal and international importance,
however the policy context in this area in not aallAdeveloped compared to that for
outdoor air pollutants (Charleg al, 2005; WHO, 2006). Guidelines exist for ambiemt ai
pollutants, however, such guidelines cannot edmlyised for indoor environments, due to
differences in the patterns of pollutant typese sanges and mixtures. At present there is a
restricted amount of evidence on which guidelined policy with regard to indoor air
guality can be based on (Department of Health, 2@d&partment of Health, 2006;
Department of Health, 2009). Hence, research tbatributes to the body of knowledge
and reduces uncertainty in the area of indoor @ity is valuable.

Concluding, current evidence suggests that expdsucemmon indoor air pollutants has
adverse health effects on children, and in padicn children with asthma and/or
respiratory illnesses. High concentrations of abllytants also increase the risk of
developing adverse health among healthy childreaisgy et al, 2003; Mendell and
Heath, 2005).

SchoolAir is a pilot study aimed at assessing §@othesis that poor air quality in schools
is associated with increased prevalence of asthewpiratory and allergic symptoms
among primary school children. The study is uniqoethe way that it is looking

simultaneously at several environmental parametensell as at respiratory health effects
in children. One of the aims of the overall Schaolgilot study, and the primary aim of

this MPhil project, is to develop a methodologymodel personal exposures of children to
air pollutants by combining measurements in sevaddors and outdoors locations within

a school.

15



2. Materials and Methods

2.1. Study design

Four primary schools were selected for the pilotigtconducted within the academic year
2009/2010. The four schools were of diverse sizkearvironmental and socioeconomic
backgrounds: one rural school from South—East Hg(eeferred to as R) and three
suburban schools (referred to as S1, S2 and 98) Morth—West of Greater London.
School R was situated in a rural area, surroungeziittivated fields, approximately 3 km
from the nearest town and 1.5 km from a motorwano8l S1 was 5 km from a
motorway, 2.5 km from a Royal Air Force aerodro@i&m from a series of ponds
surrounded by green recreational spaces, and 58@ma railway. School S2 was within
a close proximity of a major motorway (250 m away)600 m from a food production
factory, 750 m from a railway and 3.5 km from a anagirport. School S3 was situated
within 600 m from a motorway, 1.5 km distance fratmmajor airport, 2.5 km away from a

large motorway junction and 6.2 km from a railway.

The study consisted of two major parts (see Taltg he schedule of measurements):
a) Exposure measurement in school environments (irsdaod outdoors);

b) Health and background questionnaire survey of datfalmren.

All children of school Year 3 in Schools S1 and &% children of composite Year 3 /
Year 4 classes in School S3 (ages 7 to 9) wereeaffparticipation in the study, whereas
participation was offered to all pupils in the dusahool due to its small size (see Table 4
for study population details). Letters of permissivere acquired from schools, and
children were enrolled after signed informed cobhsems obtained from parents or
guardians. The study has been ethically approvethéyResearch Ethics Committee at

Brunel University.

2.2. EXxposure measurement

2.2.1. Measurement rounds

Indoor and outdoor measurements in schools wergdayut in representative locations of
typical Year 3 children’s exposure, during the lengf an academic year 2009/2010.
Three rounds of exposure measurements (in autummtenand summer) were performed
to capture seasonal variability of indoor and ootdtevels of air pollutants in these
schools. Each round involved a five day — MondayFtaday — monitoring in four

locations: generally three indoors and one outdeese Table 3 and Table 5).

16



Three rounds of exposure measurements — in autwwmter and summer — were
performed in suburban schools (S1, S2 and S3) pituea seasonal variability of indoor
and outdoor levels of air pollutants. Due to lagsteasons rural School R was included

only into two rounds of measurements out of thedhr in the autumn and summer rounds.

2.2.2. Measurement locations

As in daily life people (in this case children) necaround and thus are exposed to various
levels of pollutants (Monn, 2001), measurementseweonducted in several school
microenvironments. In schools S1, S2 and S3 thesorement locations were as follows:
two “home” classrooms of primary Year 3 classesgehthe children of relevant classes
spent most part of the school day) — coded locatidnand B; physical education /
assembly hall — location C; and outdoors, in thHeosts’ playgrounds — location D (see
Table 5). These were chosen to cover the locatdrese the children of the investigated
classes were more likely to spend the majority hafirt time during a school day. Two
classrooms were selected to investigate whetheexipesures measured in them (ME)
would be different (within school classroom to sl@®m variation) and to be able to
model and compare personal exposures (PE) of tiferelt classes in each of the
suburban schools.

In addition, in School S2 exposures were measurea $tand alone canteen building —
location E — during lunchtime only (for approximigtene and a half hours) on one day
after the main measurements week in the winterdouater these measurements were
used in modelling of School S2 children’s PE torespnt their exposure to the measured
pollutants during lunch times (in all three rourmfsmeasurement: autumn, winter and

summer).

In School R only one “home” classroom was monitofledation A), as due to the rural
location and consequently the small size of th@skthere was only one composite class
combining children of primary years 3 and 4. Moriiig station B was located in a
corridor linking several classrooms with the phgsieducation / assembly hall, whereas
stations C and D were placed according to the gaineiple as in all other participating
schools — in the physical education / assembly aall in the outdoors playground

respectively.

Equipment in the indoors locations were placedhitddeen’s usual breathing zone: at 55-
90 cm from the floor level, depending on each paldir room, to represent usual sitting

and standing positions of children. The heighthef butdoor monitoring station was 67 cm
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from the ground level, and it was generally planednore than one meter away from the

school building, due to health and safety issues.

2.2.3. Monitoring instruments and parameters measur  ed

The following air components concentrations ancpeaters were measured: five gaseous
components — carbon monoxide (CO), carbon diox@i®,), nitrogen dioxide (N, total
volatile organic compounds (TVOC) and formaldehy@CHO); airborne particulate

matter (PM); temperature, and relative humidityhef air.

Particulate matter concentration levels were evaluated in two différevays for the
length of a school day (7—8 hours). Particle cosnf@erocet 531; Met One Instruments,
Inc., USA) were used for two particle size rangesticles with aerodynamic diameter of
greater or equal to 0.5 um and greater or equd.@oum (usually up to 15.0 pm).
Additionally, temperature and relative humidity wemeasured with this instrument.
Measurements were continuous and expressed asemanatages over the time course.
The difference for PM> 0.5 um and PM> 5.0 pum counts was calculated to estimate
particle count for PM size range 0.5 — 5.0 um {BMy particles/L) and used in the

analyses.

Following the results of the initial literature rfew and after conducting preliminary
testing of the particle counters, it was decidedige nhumber concentration mode of the
particle counters rather than conventionally usedsrconcentration mode. The literature
review revealed that there is some evidence thdiclgasize, surface area and particle
count combined might be more relevant exposureca@sdifor health than particle mass
concentration especially in case of fine and uleafparticles (Levyet al, 2000;
Morawska, 2010). Moreover, trial runs of the eqummindicated that instruments had
poor mass sensitivity and low resolution. Howevbe, limitation of the counter mode of
the equipment used in this study is the wide raofyparticles sizes counted together
(0.5-5.0 pm).

The other method used to assess concentratiors lef/@larticulate matter was by filtering
air through 0.8um polycarbonate filter membrane ofNpore, PC MB 25 mm 0.8um)
using air filter pumps (AFC 123 Personal Air Sample Casella Limited, UK) with
following investigation of particle composition, zei differentiation and count using
scanning electron microscope (SEM). The resultSE1 analysis of the filters collected
during the study is not presented in this reseaagber, but are planned to be presented

separately elsewhere.

18



Continuous measurements (minute averagesyasfeous pollutantsincluding carbon

dioxide (CQ (ppm)), nitrogen dioxide (N© (ppb)), carbon monoxide (CO (ppm)),
formaldehyde (HCHO (ppb)), total volatile organiongpounds (TVOCs (ppm)); and
temperature (°C) and relative humidity (%) of the \were monitored with wireless
automatic concentration monitor (IAQ Profile Monitd®PMonitor Wireless unit; PPM
Technology, UK). These measurements were transfevielessly into a computer. Due to
problems with calibration of the formaldehyde andOIC sensors in the gas monitoring
units, measurements of these two pollutants welgeadhfor the autumn and winter rounds
of measurements, but were included into the aramlfmi the summer round, after the

sensors were properly re-calibrated.

Below are specifications of the sensors included the PPMonitor Wireless unit (PPM
Technology, 2010):

An electrochemical N@sensor had a measuring range of 0-5 ppm. It hegk @ensitivity
with chlorine (C}) and hydrogen sulphide §8), which the author did not consider to be

important, as there were no suspected significaunices of either Glor H,S in schools.

An electrochemical CO sensor had a measuring rah@100 ppm and cross sensitivity
with hydrogen (H) and ethylene (§&4.), and with nitric oxide (NO) to a lesser exteneT
only chemical that might be important to be takanaccount for the purposes of the
SchoolAir study is NO.

A photo ionisation detector TVOC sensor had a nméaguange of 0-20 ppm with
minimum detectable quantity of 0.01 ppm. It targetédOCs and other gases with
ionization potentials <10.6 eV. The TVOC sensor diot measure HCHO — it was

measured with a separate sensor.

An electrochemical HCHO sensor had a measuringerafd-10 ppm with the resolution
of 0.01 ppm and precision of 2%. 94% of all instamnhreadings met NIOSH (National
Institute for Occupational Safety and Health, USA)eria for an acceptable method when
measuring 0.3 ppm of formaldehyde over a relativenidity range of 25-70%. The
NIOSH criterion for acceptability is that all rewufall within £ 25% of the true value at

the 95% confidence level.

A non-dispersive infrared sensor for €lilad a measuring range of 0-5,000 ppm (with
guaranteed accuracy up to 1,000 ppm). Accuracy224€C when compared against a

certified factory reference + 40 ppm + 3% of readin
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2.3. Development of methodology for personal exposure

estimation

The following steps were undertaken in order tonestie personal exposure of children (by
school class):

1. Time-activity patterns of children, as a class, evenonitored by a researcher

during each school day of the exposure measuremamsis;
2. An exposure-activity matrix was developed for ealass;

3. Personal exposure estimation was carried out fordlasses in suburban schools
and one class in the rural school based on thevitgctnatrices and actual
measurements of pollutants’ concentrations in thelevant school
microenvironments during particular time period$fisTwas done separately for
each round of measurements (three rounds in Scl8iS3 and two rounds in

School R) and for each pollutant.

4. Detailed investigation, statistical analysis andmparisons with exposures
measured with a static equipment unit in a relevdrume” classroom were

performed for one class per school — Class A.

The above steps were necessary to estimate peesqmagure of children to air pollutants
during a school day without the need to place agrel exposure monitor on each child.

Below the steps are described in details.

2.3.1. Monitoring of children’s activities

Monitoring and recording of children’s activitiesirthg each day of the measurement
rounds were performed in order to create a reptatem exposure pattern for each class
according to the time the children spent in diffédecations. Also these allowed to assess
how occupancy and activity in a particular rooneaféd measured air quality parameters,

such as concentration of PM and various gases.

In order to establish how long children were spegdn different locations within their
schools, children’s movements between the locatimktheir activities were recorded in a
diary by a researcher every day of the measuremants (Monday to Friday within each
round). Locations, such as classroom A, classrogrhall or outdoor playground, were
recorded together with timings of when childrenysththere, what activities they were
undertaking, and the times when they changed kbedtions (see Figure 1 and Table 2 for

illustration). In suburban schools this was domeutianeously for three primary Year 3 (or
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composite Year 3/4) classes. Usually the three #ioatassrooms were located next to
each other, so it was possible to monitor all thekssses at the same time. In the rural
school activity matrices were created for one clasly — a composite class of primary
years 3 and 4.

Figure 1 lllustration of personal exposure estimabn principle.
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Notes:Figure lgraphically represents personal exposure to carateans of PN s 0f one class during
one school day. Personal exposure is based onualitygmeasurements conducted in four locations and
timings of children’s daily activities in these &i®ons.

2.3.2. Matrix development

The next step was to model personal exposure dtireni of each class using the
combination of actual measurements in the fourtlona. Since one of the aims of the
study was to investigate the influence of IAQ onldren’s health during usual school
days, only the measurements for the occupied gdattheo day were taken into account.
Measurements for air pollutants were taken betw@d@® and 15:30, from five days

(Monday to Friday) within each of the three rounéisneasurements.

The occupied part of every day was broken into d@&-minute intervals, where minute 1
was 8:45 and minute 406 was 15:30, by which tingesithool day was over in all four of
the participating schools and children were supgpdsego home or to join some after
school activities. A matrix of time by location pérsonal exposure matrix” — was created
for each class for each day within the three rowifdseasurements, based on the records
of children’s activities and movements. For insgrficom minute 1 to minute 15 class X

were playing in the outdoor playground, minutes916- having a lesson in classroom A,
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minutes 92-136 — having an assembly in the hal, smon until minute 406. A detailed

example of such PE matrix for one class and oneoflayeasurements is shown in Table 2

and the relevant graphical representation withtiead concentrations of P ois shown

in Figure 1. Personal exposure matrices were aitdateeach monitored class (i.e. it was
done for groups of children rather than for indixadk), for each day of measurements in
all three seasons of measurements.

Table 2 lllustration of personal exposure estimation princple — Personal Exposure Matrix for
Class A (one day of measurements).

Time Minute number | Location Description | Location cale | Activity
8:45-9:50 1-66 Classroom A A Lesson
9:51-10:00 | 67-76 Outdoors D Break
10:01-11:00| 77-136 Classroom A A Lesson
11:01-11:10| 137-146 Outdoors D Break
11:11-12:10| 147-206 Classroom A A Lesson
12:11-12:35| 207-231 Hall C Lunch
12:36-13:00f 232-256 Outdoors D Break
13:01-14:50| 257-366 Classroom A A Lesson
14:51-15:10| 367-386 Hall C Assembly
15:11-15:15| 387-392 Classroom A A Packing bags
15:16-15:30| 393-406 Outdoors D

Going home
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2.3.3. Personal exposure estimation

On the basis of the pupil activity matrices persanagosure of children of two primary

classes per each suburban school and of one nl&Hhool R was modelled using SAS 9.1
statistical software. Data for the appropriate 8rmere transferred from the dataset with
the actual measurements of pollutants’ concentratto the personal exposure estimation
data file using the occupancy information in therR&rix. This was done for every day of

all three rounds of measurements and for eacheafntbasured pollutants.

2.3.4. Solving gaps in measurements

If there were short gaps in measurements in somteylar locations (up to 20 min) and
there was an obvious trend in the direction ofdbecentrations measured from the point
when the measurements stopped to the point theyness (upward, downward or flat), the
missing values were predicted in Excel 2007 usingalr interpolation. Such short gaps
usually happened due to equipment malfunction (lswnnectivity issues with the

wireless gas monitors due to school structure).

If the measurements in a particular location wereavailable for a longer period of time,
which could happen due to major equipment malfmctir where measurements were not
conducted at all, these locations were assigne avidilable measurements which would
closely reflect the type of this environment withoweasurements. For example, if due to
equipment failure there were no measurements dlailor an outdoors location on a
particular day the outdoors measurements fromdqus or following day were taken and

used for extrapolation.

In case when the unmeasured environments were etehpHifferent form the measured
locations, e.g. if a class was attending a swimnpogl, these periods of time were

omitted from the calculations of daily and weekérgonal exposures.

2.4. Statistical analysis

In order to visualise daily and weekly variabilityithin each school and variations
between schools descriptive graphical analysis efsured pollutants was carried out in
Excel 2007. Further statistical analysis was pemfat using SAS version 9.1 statistical
software (SAS, Cary, NC). Firstly, box plots remmeisng concentration distributions of
measured pollutants over each week of measuremenéscreated for all locations in each

school in each round of measurements.
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Secondly, descriptive statistical analysis of com@ions measured with fixed monitors in
various locations within each school was carried Bummary statistics tables of weekly
exposures for all locations and schools in eacthefmeasurement rounds were created.
The tables included such fields as number of olaens, mean, standard deviation,

median, 25 and 7%' percentile.

Similarly, box plots and descriptive statistics lésbwere created for modelled personal
exposures, in order to visualise the differencesngasured and personal exposures in

different schools, locations within the schools andarious times of the year.

Notwithstanding the fact that R)Ms odistribution was found to be right skewed and log-
normally distributed, in which case geometric me@iM) and geometric standard
deviation (GSD) are often used (Brawral, 1999; Levyet al, 2000; Laiet al, 2004;
Zhanget al, 2006), it has been decided against the use ofa@M GSD, following the
advice from the article by Parkhurst. The authguas that the GM is always smaller than
the arithmetic mean and is biased, as it downplanger values relative to smaller ones.
Parkhurst also advices thétt is undesirable to use estimators that are biddew when
seeking to protect public health from dangerousaaigms or chemicals’(Parkhurst,
1998). GMs and GSDs were included in descriptie¢istics tables for measured RPM o

for comparison, but were not calculated for anyeotneasured pollutants.

Comparisons of personal and measured exposuresclimol, by season) were performed
using independent group t-test, Satterthwaite ntbtinath two-tailed tests and level of
significance of 5%. The results of t-tests allowed quantitative comparison of ME and
modelled PE.

Linear regression resulting in coefficients of detimations (R) was performed to model
relationships between measured and personal exgmosiine coefficient of determination
gives the proportion of the variance the dependanable (in this case personal exposure)
which can be “predicted” or “explained” by the ipg&dent variable (measured exposure).
The coefficient of determination is the ratio o txplained variation to the total variation
(Altman, 1991). Rtakes on values between 0 and 1, and the cldsiert& unity, the better
the independent variable (e.g. measured exposwar) explain the variation in the
dependant variable (e.g. personal exposure) (Qenyig2004). Thus Rgreater than 0.5
means that over 50% of the variance in modellec¢&Ebe explained by ME, wherea$ R

under 0.5 means that only under a half of variané¢E can be explained by ME.
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Coefficients of variation (CV) were calculated fthhe weekly means of measured
exposures and for weekly means of the modelledbpatexposures (for each pollutant, by

school, by season).
CV = SD/ Mean,

where SD is the standard deviation of the relewagan (Petrie and Sabin, 2005). CV can
also be shown as percentage. The advantage of\thie that it is unitless, which allows
CVs to be compared to each other in ways that otheasures, such as standard
deviations, cannot be. The standard deviationsvof variables cannot be compared to
each other in a meaningful way to determine whighable has greater dispersion because
they may vary greatly in their units and the meabsut which they occur. On the
contrary, CVs can be compared in a meaningful widng variable with the smaller CV is
less dispersed than the variable with the larger @'dvided that both variables contain
only positive values (UCLA: Academic Technology Bees). Percentages of change in
CVs between exposures measured in Classroom A alvant modelled personal
exposures of Class A were calculated for each faoituschool and season to measure the
change in variability between ME and PE. Then th@ésechanges were tabulated and

graphed to allow comparisons.

2.5. Health and background questionnaire survey

The child’s health and home environments were assewith the use of a questionnaire.
The questionnaire was administered once in theseoaf the school year (in the autumn
round of measurements) to children’s parents/gaasdvia the schools. Parents/guardians
were asked to return the completed questionnairéiseir child’s class teacher to be later

collected by the researchers.

The questionnaire used for this pilot study wastam the questionnaire designed by the
International Study of Asthma and Allergies in @hibod (ISAAC) (Pearcet al, 1993;
ISAAC Steering Committee, 1998; Austet al, 1999; Pearcet al, 2007), which was
shortened and slightly modified to our needs. Bhigly’s questionnaire consisted of four
sections. The first part included personal infoiorasuch as name, home postcode, gender
and ethnicity of the child. The second section ied of questions on respiratory
symptoms, such as wheezing, cough and asthma edendhe last 12 months. The third
section of the questionnaire was dedicated totreiand irritation, including hayfever and
problems with sneezing or a runny or a blocked roseer and in the last 12 months. And
finally, there was a general questionnaire pariclvincluded questions on other illnesses

of the child, medication taken, on history of asthamd allergies in the immediate family,
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allergens at home, cooking and heating sourcesrathand questions on socio-economic
status of the family, including questions on paakrgducation and occupation (See
Appendix 1).

All personal identifiable information was removedrh the database prior to analyses and

each child was assigned with a unique identificatiamber.

In order to link the results of the health surveyrtodelled personal exposures, proportions
of children with and without symptoms in each sdhwere assessed in conjunction with
the overall means of modelled PEs. Overall PE meanrs calculated for each pollutant
combining measurements for the occupied part ofddne from all three measurement
rounds.

Firstly, the proportions of children with no symptse reported, as well as those with one,
two, or three or more symptoms, were calculatederh school. This was done for two
groups of symptoms separately: symptoms ever gmptoms in the last 12 months
(according to the responses in the relevant sectbrthe health questionnaire). Secondly,
overall means and standard deviations of modelesiWwere calculated for each pollutant.
And, finally, the results of the health survey wgraphed and assessed together with the
mean PEs.
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3. Results

3.1 Measured exposure
3.1.1 Measured exposure — extent of data

Numbers of missing observations of exposures medsarclassroomsvere in general
low and ranged from 0.1% to 4.4% of total numbewob$ervations (Table 6). The only
exceptions were the gaseous air components’ measuts. Due to connectivity issues
with wireless gas monitors in Schools S1 and Shduhe autumn and winter rounds of
measurements (because of the size of the schablgasitions of the monitoring stations),
for some locations gas concentrations were notrdecbby the computer every minute, as
it should, but were recorded more irregularly —hwaiccasional gaps of 2 to 10 minutes.
This still can be considered as continuous measeménThe maximum proportion of
missing observations in gas measurements in arotasswas in School S3 in the winter
round — 22.2%. The problem was resolved in the semmund of measurements with
inclusion of two additional wireless routers intetwireless system, which strengthened
the network. For more details on ME missing obsona numbers and other monitoring

issues irall locationssee Table 6.

3.1.2. Measured exposure — descriptive statistics
3.1.2.1. Particulate matter (PM (550)

Table 9 and Figure 2—Figure 5 presents descripgbagistics for measured particulate
matter (in all locations, schools and seasons).figuges and the table show that in most
occasions mean concentrations and variability ofy PM measurements in schools’
physical education and assembly halls were highan those measured in classrooms,
except for school S1 in the summer round of measenés. Weekly mean (standard
deviation, SD) range for exposures measured irs laaitoss the schools and seasons was
4,583(1,859) - 19,759(12,808) particles/L whereas dassrooms the range was
3,936(1,486) - 17,598(11,473) particles/L. Thisldobe explained by more pronounced
human activities in halls (e.g. during physical eation lessons, or school assemblies),
which cause re-suspension of particles into theimicomparison with classrooms (where

children usually sit at their desks for the majodf time).

Concentrations of Py4.s omeasured in variouadoor locations were in most cases higher
in the winter round of measurements compared \lighautumn and summer rounds. The
winter weekly mean (SD) range was 3,936(1,486),739(12,808) particles/L, whereas

the autumn was 4,796(2,134) - 8,373(3,229) pasditleand the summer range was
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4,010(1,259) - 8,422(5,424) particles/L. This maydxplained by lower ventilation rates
and the fact that children spend more time indagrsvell as wear more clothes during the
winter period, causing re-suspension of particleemparing the autumn and summer
indoor particle concentrations only, in schoolsi®l &3 concentrations of Rs o were

slightly higher in the autumn, whereas in schodlsa8d S2 — in the summer.

Overall, across all seasons, the highest partictecentrationsndoors were recorded in
School S2 in the winter round: 15,867(9,642) - 59(12,808) particles/L; and the lowest
— in School R in the summer round of measuremefi810(1,259) - 5,111(1,627)

particles/L.

Outdoor particle concentrations in suburban schools (S1a82 S3) were higher than

concentrations measured indoors in all three rowfidseasurements. In School R, on the
contrary, outdoor concentrations of R owere lower than indoors, which might be a
sign that in rural environments particles are nyoggtnerated and/or re-suspended by

indoor activities, whereas in suburban environmentsloor sources of particles prevail.

Outdoor PMy 5.5 0daily means in School S3 in the winter round obm@gements revealed
extreme values. The daily means for the four ddythe week (Monday to Thursday)
exceeded the mean of particle concentrations medsnrall schools and all seasons by 9
to 18 times; and if compared with the mean of eflo®ls and roundsxcludingthe winter
measurements in School S3 — by 85 to 166 timesndiépg on the day (see Table 8 for
details). Friday measurements did not exceed theratlvoutdoor mean of Pdbso

concentrations.

One of the explanations of these extreme particlecentrations measurements may
include thick long lasting fog, which might haveusad water droplets to be included into
particle counts. An investigation of fog dropletesidistributions of natural fogs showed
that the radius of measured water particles liethénrange of 0.3 um to 70 um, whereas
droplet concentrations ranged from 24 dropletd/mm,400 droplets/ci(Garland, 1971).

It must be noted that a large proportion of the @amexamined (nine out of the twenty
five samples) in that fog study was found to shooptets of less than dm in diameter. A
study conducted by Sanders and Selby revealedtlieae were very few droplets with
diameter exceeding 10m in the sampled fogs (Sanders and Selby, 1968grees
Pruppacher and Klett stated that fogs are usudiracterised by small drops with
diameter from 2.5um to few tens of micrometers (Pruppacher and KE#97). These
sources indicate that a large proportion of wagetigles in natural fogs lie within the size

range investigated in the SchoolAir pilot study5¢6.0 um) and thus these water droplets
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might have been counted together with particlesotbfer origins. Another possible
explanation of such extreme particle counts inSbkoolAir study could be malfunction of
the instrument. Extreme concentrations recordedamus in School S3 in the winter round
of measurements were discarded from further arsmlgsid from personal exposure

modelling.

After exclusion of outdoor measurements recordefiadnhool S3 in the winter, the highest
outdoorweekly means were those in School S2 in the wid&/584(30,030) particles/L

and the lowest — in School R in the summer: 3,962@) particles/L.
3.1.2.2. Carbon monoxide (CO)

Both indoor and outdoor weekly mean concentratiohsarbon monoxide did not vary

considerably across the seasons, schools anddosgfTable 11 and Figure 6—Figure 8).
The highest weekly mean values recorded were iasBdam A in School R in the summer
round (mean (SD): 1.03(1.10) ppm) and in Classr@imn School S3 in the winter round

of measurements (1.03(0.3) ppm). The lowest weekBan CO concentrations were
recorded in the corridor of School R in the sum@e22(0.22) ppm), although the corridor
measurements can not be directly matched with meamnts in any other school, as this

was a unique monitoring station location in oneostlonly.

It can be noted that the highest CO variabilityniita week of measurements was in the
classroom in School R during the autumn round (1L.@®) ppm) and that in each of the
measurement seasons average CO concentratiorsssradms were higher in schools R
and S1 than in classrooms of the other two schedi® and S3. This can indicate that
there were more indoor sources of CO in the classsoof schools R and S1. For example,
it was observed that levels of CO increased whaohters and pupils were using white
board markers and pens during a lesson, howevedetaled investigation of this was

conducted.

Outdoor weekly means (SD) ranged from 0.28(0.08) ppm &(@.17) ppm across all

schools and seasons.
3.1.2.3. Nitrogen dioxide (NO »,)

Limited variability was recorded for nitrogen didei across the seasons, schools and

locations (see Table 12 and Figure 9—Figure 11éréstingly, both the lowest and highest

weekly means were calculated for School S3 in tiew round of measurements: the

lowest mean (SD) was 39.5 (6.4) ppb in Classrooan® the highest was 71.8 (5.2) ppb
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for the outdoors location. It can be noted thaslinschools and all seasons outdoor,NO
concentrations were higher than concentrationsiyncd the indoor locations. The range of
indoor weekly means (SD) across all schools and seasass3®.5(6.4)-56.1(5.9) ppb,
whereautdoorrange was 56.9(4.6) - 71.8(5.2) ppb. No seasontwa specific patterns

in the weekly mean concentrations of N@ere found.
3.1.2.4. Total volatile organic compounds (TVOC)

Total volatile organic compounds concentrations snesd in the autumn and winter
rounds of measurements were discarded due to a@dibrissues with the TVOC sensors
in the gas monitors. The sensors were re-calibratetie spring 2010 and the summer

TVOC measurements were included into this report.

No particular patterns were observed in the TVOGkie means across schools and
locations in the summer round of measurements Tsd#e 13 and Figure 12). For
example, in some schools outdoor weekly means higheer that those measured indoors,
but in the others the indoor values were higherer@lv the smallest weekly mean (SD)
was calculated for Classroom A in School S1 — @IB) ppm, and the highest weekly
mean (SD) was for the Hall of School R — 0.72(D@am.

3.1.2.5. Formaldehyde (HCHO)

Formaldehyde concentrations measured in the auaumdrwinter rounds of measurements
were discarded due to calibration issues with tnen&ldehyde sensors in the gas monitors.
The sensors were re-calibrated in the spring 2046 the summer formaldehyde

measurements were used in this report.

Indoor weekly mean concentrations of HCHO lied in thegerof 14.2-36.5 ppb.
Variability of indoor concentrations of formaldelgyd/as higher in the schools R and S1 in
comparison with the schools S2 and S3 (see Tablant¥4Figure 13). For example,
weekly mean (SD) in Classroom A in School S1 was53@2.1) ppb, whereas in
Classroom A in School S2 it was 17.6 (13.5) pplsoAFigure 13 shows that there were
more outliers outside 1.5 interquartile range idoiors locations in schools R and S1,
rather than in schools S2 and S3.

Variations in meanoutdoor HCHO levels were moderate in comparison with irdoo
means. Weekly means (SD) of the outdoors concémgtanged from 2.8(3) ppb to

7.3(4.9) ppb. Outdoor means were 2.4 to 12 timesidhan the concentrations measured
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indoors in all schools, which suggest that thereewadoor sources of HCHO present in

every investigated school.
3.1.2.6. Carbon dioxide (CO »,)

Weekly mearindoor concentrations of carbon dioxide varied considgrabross seasons,
schools and locations, mostly depending on vemdiatoutines and the rate of natural
outdoor-indoor air exchange through splits and gapsindows and walls (see Table 15

and Figure 14—Figure 16).

The highest indoor CfO concentrations were recorded in the winter rouruds

measurements (weekly mean (SD) range: 897(498754@1,181) ppm) and the lowest —
in the summer round (633(165) — 1,852(1,175) pprhjs held true for all three suburban
schools (there was no winter measurements in ScRyol Overall, School S3 had the

highest weekly mean G@oncentrations recorded in each of the measureseaisbns.

In all schools and all seasons the level of,@Ophysical education / assembly halls was
lover that that measured in classrooms. This nighexplained by the fact that children
spent longer time during a school day in their haf@ssrooms, whereas occupation of
halls varied with time and on many occasions hatise unoccupied for most part of the
day. Also, as classrooms were much smaller in reotame than halls, the population
density (number of people per’rof air) during the periods of occupancy was uguall
higher in classrooms rather than in halls. Acréesdeasons weekly mean (SD) range of
CO, measured in halls was 671(243) - 1,267(54) ppm iancassrooms — 767(357) -
3,754(1,181) ppm.

There was very little variation across the sch@uld seasons in the G@©@oncentrations
measuredoutdoors The range was from 395(17) ppm (School R in therser) to
450(41) ppm (School S3 in the autumn round).

3.2. Personal exposure

3.2.1. Personal exposure — extent of data

The percentages of missing values in modelled Ptasdes were overall higher in

comparison with the percentages of missing valnddks, and ranged between 0.2% and

15.1% (see Table 7), with the exception of onesciasSchool S3 in the winter round,

where percentages of missing values in PE to gaseioicomponents were higher (up to

32.7%) due to the wireless gas monitors connegtpibblems, and the issues with the
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outdoor PM 5.5 oconcentrations discussed in Section 3.1.2.1. QutBdh 5.5 odaily means

for the four days of the week (Monday to Thursdaypchool S3 in the winter round of
measurements revealed extreme values and weredegcfiom the children’s personal
exposure estimations. The measurements from theldgsof the week (Friday) did not
exceed the overall outdoor mean of {3 concentrations (across schools and seasons)

and were included into personal exposure estimstion
3.2.2. Personal exposure — descriptive statistics

3.2.2.1. Particulate matter (PM (5.50)

In majority of cases modelled personal exposuregatticulate matter were higher than
exposures measured in relevant classrooms (see Téband Figure 2 —Figure 4). The
highest weekly mean PEs were during the winter dowh measurements, range:
5,549(3,989) - 19,981(17,496) particles/L. The Istmgeekly mean PE across the schools
and seasons was for Class A in School R in the ssmp@riod: 4,858(1,700) particles/L,
and the highest — in Class A in School S2 in thaetevi 19,981(17,496) particles/L.

3.2.2.2. Carbon monoxide (CO)

The weekly means of modelled PEs to carbon monoxile generally slightly lower than
the mean MEs in the relevant classrooms (see Thblkend Figure 6—Figure 8). Overall,
there was limited variation in PEs to CO acrossstti®ols and seasons — the weekly mean
(SD) range was 0.35(0.15) - 0.85(0.59) ppm. Itlvamoted that the highest CO variability
of modelled PE within a week of measurements wathénautumn round in School R
(0.82(0.88) ppm).

3.2.2.3. Nitrogen dioxide (NO »)

Overall, modelled PEs to NOwere slightly higher than ME measured in relevant
classrooms. There was little variation of modellRH to nitrogen dioxide across the
schools and seasons (see Table 18 and Figure 9eHigu The lowest weekly mean (SD)
PE was 47.6(9.0) ppb — for Class B in School Sthm winter, and the highest was
57.9(7.0) ppb — for Class A in school S2 in theuaut round.

3.2.2.4. Total volatile organic compounds (TVOC)
Weekly means of modelled PEs to TVOC in all schawése slightly higher than MEs

measured in classrooms (see Table 19 and Figuréli@je was limited variability across
the schools. The lowest weekly mean (SD) of moddE was 0.20(0.21) ppm for Class B
in School S1 and the highest was 0.36(0.23) ppr€ass B in School S2.
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3.2.2.5. Formaldehyde (HCHO)

In the summer round of measurements (the only rawvailable) modelled weekly mean
PEs were either lower then formaldehyde exposureasnored in classrooms or were
approximately at the same level with them (see @&01 and Figure 13). The lowest PEs
were for both of the classes of School S2: 15.9)1Bpb and 16.5(12.4) ppb, and the
highest — for classes of School S1: 40.7(74.9) apth 40.7(63.9) ppb, which are over

twice as high as the means in School S2.

3.2.2.6. Carbon dioxide (CO »)

Weekly means of the modelled PE to £O&ere in the majority of cases lower than the
weekly means of COconcentrations measured in relevant classroones Table 21 and
Figure 14-Figure 16). The highest weekly mean, €8s were in the winter round of
measurements (range: 1,261(504) - 2,834(1,792) mprd)the lowest — in the summer
(809(419) - 1,525(1,159) ppm). In each of the seasnodelled PEs were higher in School

S3 in comparison with other schools (from 23% t6%#thigher, depending on a season).

3.3. Comparison of measured exposure and modelled personal

exposure

In order to compare exposures measured in class;omhmch sometimes can be used as a
proxy for personal exposures of children in schd@medjeet al, 1997; Smedje and
Norback, 2001; Met al, 2006; Zhacet al, 2008), with the modelled PEs an independent
group t-test was used. T-tests were performed fonlgomparisons of exposures measured
in Classroom A with the modelled exposures of Class for each of the schools.
Classroom A (and consequently Class A) was chosenn the overall duration of the
measurements there were more equipment failuresnaifdnctions in classrooms B rather
than in classrooms A.

As the variances of the two compared groups (medsand personal exposures) were
found to be unequal, two-tailed p-values were dated using Satterthwaite’s method.
Figure 18—Figure 23 and Table 22 show differencatsvéen the means of PE and ME.
Namely, the figures and the table show resultsheffollowing deduction: weekly mean

PE minus weekly mean ME — by school, by seasontladonfidence intervals associated

with them. Conventional level of significance of 5%as usedo=0.05).
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3.3.1. Results of t-test

Particulate matter (PMos.5.9

Figure 18 and Table 22 show that in the majorityca$es PEs of Class A to particulate
matter were higher that exposures measured in ©@ssA. The only exception was
School R in both the autumn and the summer rouhdseasurements, for which PE was
either almost equal to or slightly lower than MEeTresults of the t-test were statistically
significant, except for one occasion (School Rhim autumn round).

Thus, in the majority of cases, if fixed monitor Riveasurements were used to represent
children’s PE, it would have been an underestimatib the real personal exposure, as
higher exposures in other locations during the gcbay would not have been considered
at all.

Carbon monoxide (CO)

The t-tests performed showed that in most casesntidelled PEs to carbon monoxide
were lower than measured exposures (Figure 19 abte2), with the exception of the
schools S1 and S2 in the summer round (where PEs slightly higher than MEs) and
School S2 in the autumn (where ME and PE were dleqsal). The results of the t-test

were statistically significant, except one — foh8al S2 in the autumn round (p = 0.268).

Nitrogen dioxide (NG,)
Figure 20 and Table 22 represent the results eéttfor nitrogen dioxide. In all cases PEs
were slightly higher than MEs — the mean differenaere under 6 ppb. All t-test results

were of high statistical significance (p < 0.001).

Total volatile organic compounds (TVOC)

For the schools R, S1 and S2 in the summer rounchedsurements modelled PEs to
TVOC were higher than exposures measured in classga@nd the results of t-tests were
highly statistically significant (p < 0.001) (semre 21 and Table 22). For School S3 the
mean PE and ME were almost equal and in this dasedsult of the t-test was not

statistically significant (p = 0.768).

Formaldehyde (HCHO)

In case of formaldehyde modelled PEs were sliglotiyer that MEs on three occasions —
in the schools R, S2 and S3 (all the three resudt® highly significant with p < 0.001),
whereas in School S1 personal exposure was sligiglyer than ME with the p-value of
0.077 (see Figure 22 and Table 22).
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Carbon dioxide (CO2)

For carbon dioxide modelled personal exposures weneost cases lower than measured
exposures, with the exception of the schools S1 88din the summer round of
measurements (where PEs slightly exceeded relédW&s) and School S2 in the autumn
round (where mean weekly PE and ME were almostlg¢igure 23 and Table 22). All
results of the t-test were statistically significaexcept for School S2 in the autumn round
(p = 0.429).

3.3.2. Results of linear regression

Linear regression models correlating estimatedgpetsexposures (Class A) to measured
concentrations (in Classroom A) were run by schioplseason to estimate what proportion
of modelled PE could be explained by the relevait Mable 23 shows the results of the
linear regression modelling, namely the coefficient determination (§. Most of the R

coefficients in the table were less then 0.5, whedant that only 50% or less of the

personal exposures could be explained by the medswposures.

All coefficients for NO, were less than 0.4. Only two coefficients of deieation
calculated forCO, exceeded 0.5, and five out of eleven lied in #rege from 0.4 to 0.5.
Four out of the eleven calculated &efficients folPMg 5.5 gwere greater than 0.5 and two
coefficients were in the range 0.4 to 0.5. ResidtsCO seem to be inconclusive: one
coefficient was less than 0.4, whereas six weratgrethan 0.5 and the remainder four
falling in between 0.4 and 0.5. All four calculatd for formaldehyde were over 0.44,
with two of them exceeding 0.7 suggesting thategitinost part or at least around half of
the variation in PE in the summer season could Xpamed by the variation in ME.
Results forTVOC show that only one of the four coefficients caltedhexceeded 0.5,

whereas the other three were below 0.2.

3.3.3. Comparison of coefficients of variation of m  easured and
personal exposures

Coefficients of variation (CV) were calculated fareekly mean MEs (measured in
Classroom A in each school) and weekly mean modléil&s for Class A, then the
percentage of CV change between ME and PE werelatdd. Table 24 and Figure 24
show that in the vast majority of cases there wa8% or greater increase in variability,

when CVs of PEs were compared to CVs of relevans ME

For PMysssa0 NO, and CQ the increase in CV was equal or greater than 208bdre than

half of the cases, in particular in autumn and &imbunds of measurements. For CO in
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three of the eleven cases CV change was over 20#y0i cases it was equal 20% and in

the rest of the cases it was below 20%.

There were five cases when CV change exceeded @& cases in the autumn round
(PMos50in School S1 and N£and CQ in School S3) and two — in the summer, both for
TVOC. In one of the latter cases the change wa8&BvVOC in School R). In two of
these extreme cases the number of PE observatieres shightly lower than the numbers
of ME observations, which might have inflated tleegentage of CV change.

There were three exceptions, when a slight negatiamge in CV was revealed, i.e. CO in
School S2 and N©in School R in the autumn round of measurememd, MCHO in

School S1 in the summer. These changes were iatige from -3% to -7%.

The results of CV comparison indicate that in gaherodelled personal exposures were
more variable than relevant measured exposures ti$ing modelled PEs for assessment
of health effects in populations can provide bettstimation of exposure-response

association, rather than using stationary mon@ig. in one classroom).

3.4. Health survey

3.4.1. Health survey — extent of responses

There were no compulsory questions in the questioenAs it was distributed in paper
form, the researchers had no control over completiades. Although in the explanation
letter accompanying the questionnaire the impodariche information provided for each
guestion was highlighted, whether or not to ansavguestion was left to the discretion of

the respondent.

Table 25 shows the number and percentage of questimt were not answered by the
respondents, where an answer was not provided, airakhere only part of the question
was answered. The table shows missing answersbyfte questionnaire where these
unanswered guestions belong to (i.e. health, ham&amment and socioeconomic status
parts) and whether there was one, two or three are rmissing answers in the returned
questionnaire. In the health part of the questioenahe percentage of returned
questionnaires with one unanswered question rabgédeen 0% and 8.6% of the total
number of questionnaires returned (across all 4s}100% to 2.3% were missing two
answers, and 1.7% to 11.4% had three or more rgissiswers. In the home environment
part of the questionnaire the proportion of retdrgaestionnaires with one missing answer

ranged from 5.6% to 31.8%; with two missing answefiom 0% to 13.3%, and with there
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or more missing answers — from 0% to 11.4%. Insth@oeconomic status part there were
5.2%-27.3% of questionnaires with one missing ansWé&-13.8% with two missing
answers and 3.4%-40.9% with three or more answéssimg. Overall, the two schools
with the highest proportion of questions that wkek unanswered were School S2 and
School S3 (the latter had a very low response aklitgether — only 12.4% of its targeted

population).

It also may be noted that in School S2 there weneeral questionnaires where the
respondents skipped whole pages of the questiannatinout providing any answers. This
might be partially explained by the multi-natiorsafi of the children attending this
particular school and their families, with a po##ibthat the level of the English language
competency of some of the parents / guardians wasigh enough to understand the
questions in full. This issue was also bought ®adtiention of the researchers at the initial

meeting with the school’s headmaster.
3.4.2. Results of health survey

There was a very low questionnaire response radelmols S3 and although this school is
included in Figure 25 and Figure 26, it is excludexn further discussion in this section
of the report. Thus the results of the health sufee the schools R, S1 and S2 only will be

compared.

Out of the three schools the lowest proportion bildcen without any respiratory or
allergic symptoms reported was observed in Schdol(®th for “ever” symptoms —
48.2%, and for symptoms ‘“in the last 12 months”:086). School S1 had the highest
proportion of children whose parents / guardiap®reed that they had one respiratory or
allergic symptom. Again, it held true for both “e¥eymptoms (20.4%) and for symptoms
“in the last 12 months” (18.5%). Also School SHtihe highest proportion of children
with three or more respiratory and/or allergic syomps — 14.8% for “ever” symptoms and

18.5% for symptoms “in the last 12 months”.

School S2 revealed the highest proportion of céidwith two respiratory and/or allergic
symptoms (18.2% for symptoms “ever” and 15.9% fongtoms “in the last 12 months”).

The rural school (R) had overall more children withany symptoms reported and the

least proportions of children with any number ahgyoms.
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3.4.3. Comparison of health survey results with out ~ comes of personal
exposure modelling

Figure 27 and Table 26 present mean modelled pargxposures of Class A children
(means across all seasons of measurement) anémelstandard deviations. The figure
shows that Class A children in School S1 had thghdst mean modelled personal
exposures to CO — mean(SD): 0.71(0.47) ppm and HERRQ(75) ppb. For this school
HCHO personal exposure was 156% higher than fochildren in School S2, 71% higher
than in School S3 and 8% higher than in School ®.e€posures were 38% higher than in
School S2, 12% higher then in School R and 9% hitiren in School S3.

Class A in School S2 had the highest mean PE ticlesr (10,634(12,781) particles/L),
TVOC (0.27(0.26) ppm) and marginally higher to NO56(8) ppb. PMs.50exposure in
this school was twice as high as PE of School Ri@m, 46% higher than PE in School S3
and 32% higher than in School S1. Exposure to TW@S 28% higher than in School S2,
12% and 8% higher than schools S3 and R, p€)sonal exposure was 4% to 8% higher

than in the other schools.

Children in School S3 had highest PE to,G0213(1,462) ppm). It was 117% higher than
in School S2, 73% than in School R and 35% high@omparison with School S1.

Children of the rural school (R) had lowest PE®My 5.50(5,173(2,301) particles/L), and
NO; (52(7) ppb), whereas personal exposures to CO, QVBCHO and C© were

somewhere in the middle of the inter-school range.

The modelling exercise showed that PEs of Claskiliren in School S1 were the highest
of the three schools in regard to CO and formaldehywhereas PEs to PM, and £O&ere
second highest (after schools S2 and S3 respegtivEhe results of the health survey
revealed that children in school S1 had overallhig@est prevalence of respiratory and/or
allergic symptoms. On the contrary, in School R thedelled yearly mean PEs were
overall in the lower end of the inter-school yeamgans range, and the health survey
results indicated that the children of the ruraha®d had the lowest prevalence of
symptoms. Thus the preliminary findings may suppbg theory that higher personal
exposures to air pollutants in school environmenéy associate with poorer respiratory
health. However, this health to PE comparison i$y an rough estimation and no

significance inferences can be drawn at this stage.
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4. Discussion

The SchoolAir study examined air quality in foumpary schools across three distinctive
seasons. Moreover, a methodology for children’sqeal exposure assessment using air
quality measurements in several microenvironmerusral the school in combination with
children’s time-location-activity records was deymd and tested. The advantage of the
developed approach is that it allows for assessrmemersonal exposure of groups of
children (e.g. classes in a school) without thednieplace a personal monitor on each
individual. This is particularly important in caséyounger children as personal monitors
can be heavy to carry around, cumbersome or hagédrparts that can be damaged in the
process of personal exposure monitoring. This agroalso can provide a cheaper

alternative to personal monitors.

The study is unique in the way that many factorsavg®nsidered simultaneously including
air components and parameters (five gaseous comgmorearbon monoxide (CO), carbon
dioxide (CQ), nitrogen dioxide (N@), total volatile organic compounds (TVOC) and
formaldehyde (HCHO); airborne particulate matteMjPtemperature, and humidity), as
well as personal exposure and respiratory healigctsf in children were assessed. In
addition, information on several other groups ottdas was collected using the
guestionnaire — such as socio-economic status itwfreh’s families, their environmental

exposures at home or in a local neighbourhood.

The results of this MPhil study showed that modklfersonal exposures were in the
majority of cases significantly different from te&posures measured with fixed monitors
in a classroom, and that variability of pollutantehcentrations was generally much higher
for PEs rather than for MEs. Both of the factorthe correctly estimated mean personal
exposure and its variability — are very importamttihe investigations of dose-response

relationships when assessing health outcomes.

Below the main results of the SchoolAir pilot studse discussed and compared with

previously conducted studies.

4.1. Measured exposure
4.1.1. Particulate matter (PM 55.0)

The results of particle number concentration measents showed high variability.
Variability was observed at different levels: dgrierach school day at one location,

between locations in the same school, across seas@ach school, as well as across the
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schools. High daily variability of PM concentrationan be explained by the
presence/absence of pupils and the intensity of #utivities in various indoor locations
within the school. Similar conclusions were made thg authors of previous studies
(Annesi-Maesanet al, 2007; Gucet al, 2010).

Higher indoor weekly means were calculated for Wiater round of measurements
compared with other seasons. This was observedllftrree schools where measurements
took place in the winter season. The findings amesistent with a recent study of indoor
air in primary schools conducted in Germany, whstlowed that levels of particle mass
concentrations in classrooms (collected usingr§ltgith pore size of 0.4m) were higher

in winter then in summer (Oedet al, 2011). A study conducted in Korea (Soéinal,
2009), reported that for computer rooms and laboieg in the investigated schools the
mass concentration of RMwas higher in the winter than in the autumn or s@m
However, their results showed that for classrodmesseasonal differences were not very
prominent, but the inter-school means were someWwigheer in the autumn round. Higher
particle number concentrations in winter might Belained by lower ventilation and the
fact that children spent more time indoors in wintBan in autumn or summer.

Consequently, more particles are generated andsgesded by children indoors.

The results for outdoor particle mass concentratioina study conducted by Oedsral
(2011) showed that summer outdoor concentratiorre wemewhat higher than those in
winter. The three schools measured within the Si&iogroject in both summer and
winter seasons revealed varying results. In ScBa@alveekly mean outdoor R olevels

in the winter and in the summer were at approxiigdtee same level, whereas in School
S2 winter weekly mean was more than four times drighan the summer mean. Winter
measurements results for School S3 were discaaedhey revealed erroneously high

values, thus no winter to summer comparison camdue for this school.

Outdoor particle concentrations were higher thasoans in the case of the suburban
schools in all seasons, but not in the rural schadlere, on the contrary, outdoor
concentrations were lower than indoors. These tessiliggest that indoor particle
concentrations in suburban environments are affidayeoutdoors, where the concentration
of PM is higher due to the influence of traffic exists and other outdoor particle sources,

whereas in the rural settings indoor sources dighes prevail.

Although there are many studies of indoor air répgron mass concentrations of various
size ranges of particulate matter as well as partiwmber concentrations of ultrafine

particles (those under 0.1 um in aerodynamic diaethe number of previously
40



published studies that report number concentratiatisn the size range measured in the
SchoolAir project, namely 0.5-5.0 um, is very liedt The numbers of ultrafine particles
or even combined ranges of ultrafine and fine plgi (those under 2.5 um) published in
relevant scientific literature can not be comparedhe numbers of Pjtso Particle
number size distribution studies have shown thatrttajority of particles in the air are
smaller than 0.1 um in diameter (Vétial, 2008). Whereas the number concentrations in
studies investigating ultrafine or combined ultnafiand fine particle ranges are of the
order from N x 18 to N x 10 particles/cm (Morawskaet al, 2003; Guoet al, 2008;
Hoeket al, 2008; Gucet al, 2010), the results of the current study are efdirder from N

to N x 10 particles/cth(or in the units used throughout this thesis: NOX tb N x 1d
particles/L).

The results of several previous studies that reponumber concentrations of particles in

size ranges similar to the range investigatedeén3thoolAir project are described below.

The authors of a small research project conduate@009, which aimed at assessing
particle emissions at stone quarries, and in mmdlurban areas in Palestine were using the
same equipment as in the SchoolAir pilot study +o&et 531 (Met One Instruments, Inc.,
USA) (Vieli, 2009). The author measured particlentier and mass concentrations in
various outdoor locations at and around stone gggarin busy urban streets and in rural
areas. Their 15 minute averages of the number otrat®ns of particles in 0.5-5.0 um
range was 1,180 to 22,521 particles/L in rural amnlan locations, and from 2,486 to
22,573 particles/L at/around stone quarriesoBPNonumber concentrations were derived
from the mean concentrations of particles overrbin diameter and those over 5.0 um
that were reported. These particle concentratiolyga are comparable to the outdoor

weekly means of concentrations measured in the@ahstudy.

A study conducted in Switzerland measured indodiigd@ number concentrations in three
different recreational halls during various puldients: three concerts and one ice hockey
game (Junkeet al, 2000). The ranges of means of PM number conderisameasured
during each event were from 14,100 to 112,000 gasiL for particles of 0.75-1.0 pm in
diameter, and 2,640-56,400 particles/L for 1.042r0 particles. In order to approximate
the reported size ranges to the range measurdw i8¢hoolAir study, the reported mean
concentrations were summed up to get the coun®.48-2.0 um particles. The lower
range of the mean number concentrations fop RMois comparable with the SchoolAir
results, however their upper end of the range @uwe times as high as the highest outdoor

weekly mean in the SchoolAir project. This may Belained by the fact that concert and
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hockey halls accommodate much more people at ohes wusual school indoor
environments, thus there might be much more sowteggneration and re-suspension of

particles in big public halls.

The authors of another Swiss study of indoor awestigated bioaerosols and particle
number concentrations in a mailing room (Braedlal, 2005). Means of 4 hours of
continuous measurements of background levels difcfes inside the mailing room, i.e.
when no mail handling was taking place, were 14 p8@icles/L for particle size 0.5-1.0
um, and 1,613 particles/L for 1.0-540n range. The sum of the two size ranges’ means is
16,301 patrticles/L, which is comparable to the bathweekly means of indoor PM
measurements in classrooms (in School S2 in wirsted) to some of the outdoor levels
measured in the SchoolAir study: i.e. all seasangdoor levels in School S1, summer
outdoor levels in School S2 and autumn levels irhoBt S3. Particle number
concentrations in the study by Bramdlal. were much higher when unloading of mail bags
was taking place: 1-hour means were 27,849 pasticléor 0.5-1.0um, and 13,284
particles/L for 1.0-5.0um. These values are also comparable with the Saiool

measurements.

Two North American studies were conducted with #ien of measuring number
concentrations of particles of different size ramge various indoor and outdoor
microenvironments (Brauest al, 1999; Levyet al, 2000). Both studies reported their
results as geometric means (GM) and geometric atdndeviations (GSD) of particle
counts expressed in particlesfience the SchoolAir measurements were converbea f
particles/L into particles/ci and the relevant weekly GMs and GSDs were caledla
The results of these transformations are shown ahlél 10. The SchoolAir GMs are
comparable with the results of the Brauer’s stullgir GMs for 0.5-1.um patrticles were
in the range of 3.1 to 12.2 particlesfcnand for 1.0-5.0um particles — 0.5 to 1.3
particles/crﬁ, whereas SchoolAir GMs for P)Msowere in the range of 1.3 to 14.2
particles/cmi with one outdoor GM of 25.0 particles/&@m in School S2 in winter.
However, the results of Lewst al. are two times to an order of magnitude lower ttien
SchoolAir results, even though both studies, Braal. and Levyet al., used the same
make of particle counters. Lewt al. referenced the previously published study of Brauer
et al. (1999) and attributed the disparity to either gapbic differences or an

instrumentation issue.

Although it was not possible to directly comparee tschoolAir particle number

concentrations with the results of previous studiesestigating relationships between
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airborne particles and health, there are some gksedl findings that fine particles in
school environments affect the health of pupils aaldool personnel. A Swedish school
based study demonstrated that respirable dustela®d to impaired mental performance
of pupils and airway infections in adult schoolfstNorback and Smedje, 1997). A
significant relationship between the concentratbmairborne respirable particles and new
self-reported pet-allergy in schoolchildren waseaded in a later study by the same
authors: odds ratio, OR = 1.8, per @/m’, p<0.05 (Smedje and Norback, 2001).
Moreover, a study conducted in the USA showed flmat particles were much more
strongly associated with asthma-related responseschiool children, namely increased
lower respiratory symptoms and decreased peakatrpyrflow rate, than coarse particles
(Schwartz and Neas, 2000).

The above examples indicate that further investgatf the possible relationship between
number concentrations of fine particles in schooVi®mnments and children’s health
would be beneficial, and thus can be recommendedrfy follow up research project that

might result from the pilot SchoolAir study.

4.1.2. Carbon monoxide (CO)

Carbon monoxide measurements showed limited véitiabHigher concentrations were
observed during particular activities taking placeclassrooms, e.g. use of white board
markers and art lessons in schools R and S1. Tédtseof this study’'s indoor CO
concentration measurements are comparable to #e¢sladvised by the Environmental
Protection Agency, USA. EPA state that averagel$evehomes without gas stoves vary
from 0.5 to 5 ppm (U.S. EPA, 2011), whereas theoSlir results showed weekly mean
indoor CO concentrations ranging from 0.22 to 1pP&. The SchoolAir results are also
comparable to the measurements from the schoobmdio study of Sohret al. (2009)
conducted in Korea, although their mean CO cona#otrs measured in classrooms in
summer were 4 to 8 times higher than those measaris study (the across the schools
summer mean of 2.64 ppm compared to the range@6FLppm measured in the summer

in classrooms in this study).

The SchoolAir weekly mean concentrations were lowen the overall mean of CO
concentrations measured in living rooms of 270 tomehe UK — 1.7 ppm (Croxforelt

al., 2006). This can be explained by the fact thatthe UK homes study 5% of
measurements were from homes with malfunctionirigréblem” gas appliances, thus

producing a higher overall mean.
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In schools R and S1 weekly means of CO concentraiieeasured in classrooms and their
variability were higher than in the other two sclspexcept for the winter round when the

highest weekly mean was calculated for School S3.

In the majority of cases weekly means of outdoor d@@centrations were lower and with
smaller variability than those measured indoorsotimer cases weekly mean indoor and
outdoor concentrations were almost equal. Thisicditate that there were minor indoor
sources of CO in the schools investigated. Thes#rigs contradict the results of Soéin
al. (2009), which showed that the indoor CO concemratimeasured in schools were
lower than those outdoors, suggesting that the rsaiirce of CO was outside. This
discrepancy might be due to the differences indb&loor environments of the schools
investigated in this study and in the study by Sehal.,for example, whether the schools
were located in urban, suburban or rural settimdgther they were situated close to major

roads, or had industrial sources nearby.

The author did not find any previously publisheddsts that would evaluate the effect of
exposure to low levels of CO on the respiratoryltheaf children. The only study that
might be considered as marginally relevant is tluelys conducted in Mongolia, which
compared rural and urban cohorts of children agé8 $ears (Dashdendet al, 2001).
The authors measured ambient and exhaled CO lexeiducted lung function spirometric
tests and anthropometric measurements. Mean amlengls were 0.63 ppm for urban
environments and 0.21 ppm for rural environmenticiv is comparable with the
SchoolAir outdoor weekly means, whereas exhalede¥@ls were twice as high in urban
children as in rural children (0.94 ppra.0.47 ppm). The results of the study showed that
normal FEV (forced expiratory volume in 1 second) was 40%&ign rural children than
in urban children, which might reflect the adveedtect of air pollution in the cities, as
indicated by increased levels of both ambient atiiled CO. However, these results have
to be interpreted with caution as no direct catsddetween ambient CO levels and
changes in lung function in children can be essalelil. Rather a complex of various air
pollutants and other environmental factors presenturban environment can cause

deleterious respiratory health effects.

4.1.3. Nitrogen dioxide (NO »,)
The SchoolAir indoor weekly means (SD) ranged fr8en5(6.4) ppb to 54.1(5.1) ppb

(across schools and seasons), whereas the outdemmsnrange was 56.9(4.6) ppb to
71.8(5.2) ppb. The indoor levels in the SchoolAirdy were higher than those observed in

previously conducted studies. For example, resaflta school based study showed that
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mean (SD) concentrations of M@doors in classrooms heated with either eleciritued

gas heater was 15.5(6.6) ppb, which is 2.5 to i&Bg lower than the SchoolAir results,
whereas in rooms heated by unflued gas heatersag #7.0(26.8) ppb, which is
comparable with the results of this study (Pilogtoal, 2004). Two home based studies
showed similar results: one study found that meetodr NQ concentrations at homes
were 30.0(33.7) ppb (Hanselt al, 2008), and the result of the second study was
31.6(40.2) ppb (Breysset al, 2005). The results of both studies are comparaiih the

lower end of the SchoolAir indoor weekly means.

The SchoolAir outdoor weekly means were higher timaloors in all seasons, indicating
that major sources of NQwere outdoors, likely traffic. This agrees witletresults of a
school based study conduced by Bt al. (2006), which showed that mean indoor
concentrations of N© across several schools were lower than the meddoou
concentrations. Compared with the results of outdneasurements of Liat al. (2009)
with a mean of 18.3 ppb and"®5" percentile 12.3-27.0 ppb, the SchoolAir outdoor
concentrations were up to four times greater. Tifferdnces between the results of the
current study and previously conducted studies beagxplained by utilisation of different
methods. The mentioned studies used passive diffusion samplers (Palmes tubes),
whereas in the SchoolAir study an electrochemiealser was used and minute average

concentrations were logged in real time.

The review of previous studies aimed at investigpatiealth effects in relation to indoor air
quality revealed that even at levels of NGwer that the ones observed in the SchoolAir
study some deteriorating health effects were folrat. example, a Chinese study of air
guality in schools and asthma and respiratory sgmptin pupils showed that indoor NO
was associated with current asthma (OR = 1.51 @eigim®, p<0.05), and current asthma
medication (OR = 1.45, per 1fg/m°, p<0.01), even though their mean results were
slightly lower than the SchoolAir weekly means. Timean NQ concentration of 30
classrooms was 55g/m® (29.2 ppb) (Miet al, 2006). The results of conventional multiple
logistic regression from another study conducteimnese schools showed that indoor
NO, was associated with nocturnal attacks of breathless (OR = 1.45, per 1@/m3,
p<0.05) (Zhacet al, 2008). In this case the mean of N@easured in 31 classrooms in
different schools was 39.4g/m® (20.9 ppm), which is again lower than the SchoplAi

weekly means.
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4.1.4. Total volatile organic compounds (TVOC)

Measured TVOC concentrations did not reveal anjiqudar pattern in the summer round
of measurements that would be similar for all s¢hod®Veekly means varied across
locations within each school differently. The rangfeindoor weekly means (SD) was
0.11(0.13)-0.72(0.32) ppm, and of outdoor means) (SD.13(0.19)-0.60(0.47) ppm. We
suspect that outdoor concentrations, such as thasehools S1 and S2, might have been
influenced by emissions from plastic cover of theather enclosure, where the equipment
was placed. It can be recommended that in anydustudies a proper made for purpose
weather enclosure constructed with inert matersilsuld be used to avoid VOC off-

gassing.

The authors of an American study investigating auiality in elementary and middle

schools found that the levels of TVOC appeared dohigher in portable classrooms
(Godwin and Batterman, 2007). In the SchoolAir gtstightly higher levels of TVOC, in

comparison with weekly means in other classroonerewound in both of the portable
classrooms in School S3. In those two classrooneklyenterquartile ranges were wider
than in classrooms in other schools. Higher TVO@le might have been caused by
emissions of chemicals from the newer building male used in construction of these
mobile classrooms, as well as by chemicals fronargtey products that were regularly
used in those classrooms at the end of a schooHtayever no direct conclusions can be

made due to the low number of investigated classsoo

Although there has been a number of scientific mameiblished on concentrations of
VOCs in homes (Rumcheet al, 2004; Khalequzzamaet al, 2007) and school indoor
environments (Miet al, 2006; Zhanget al, 2006; Godwin and Batterman, 2007; Satn
al., 2009), the results of these studies were preSejntag/m3 rather than in parts per
million. Thus a direct comparison of their resuligh the SchoolAir study results is not
possible, as TVOC is a group of chemical compoarisug/m® values can not be easily
converted to ppm.

The results of the previous studies were convaritd ppm using the following formula
(CCOHS, 2000):

Concentration (ppm) = 24.45 * concentration (mg/m3yram molecular weight

An average molecular weight of VOCs of 75 gram/mebes taken to convert previously
published data in mg/m3 into ppm, following the Wa&ireet by Perry, Pyron & McCown
Consultants / Innovating Manufacturing TechnolodyT).
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The results of the following comparisons, howewave to be interpreted with caution, for
two reasons. Firstly, as VOCs are a group of variclemicals, each of the study might
have targeted some of them, but not the others, ttei arbitrary chosen average TVOC'’s
molecular weight of 75 gram/mole may not reflea #ctual average weight of the VOCs
investigated in each study. Secondly, the reviestadies used different methods of VOC
detection and measurement, and thus only cautmuparison of the results obtained with
these varying measurement methods is possible @@éalket al, 1991; European

Commission, 1997).

The results of a school air quality study by Godewrd Batterman (2007) were one to two
orders of magnitude greater than the SchoolAir [tfesTheir mean concentrations of
TVOC of measurements conducted in 64 rooms in éementary and five middle schools
was 58.Q19/m3. Following the suggested conversion method it B00#®19 ppm, which is
at least an order of magnitude smaller that theo8tr indoor weekly means. Their
outdoor means were 10.44/m° (0.003 ppm), which is at least two orders of magte
smaller than the SchoolAir outdoor means (Godwid Batterman, 2007). A study of
home indoor quality in Hong Kong resulted in a m&OC concentration of 46.4g/m’
(0.015 ppm), which is again an order of magnitudwlier that the SchoolAir results.
These big differences in results are possibly expthby the difference in methods used to
quantify TVOC concentrations. Both of the previgusbnducted studies used passive
samplers to collect the chemicals from the air higsh analysed the contents of samples in
a laboratory, whereas in the SchoolAir project al tene photo ionisation detectawas
used (PPMonotor Wireless, PPM Technology, UK). Aalese study that utilised two
different methods simultaneously — an active arghssive sampler — to measure certain
VOCs showed that the two methods produced differesullts. Sometimes means derived
from a passive sampler's measurements were hidjagr mmeans from an active sampler

and sometimesice versaShinohareet al, 2004).

The results of the SchoolAir study are comparablgh whe results of the US
Environmental Protection Agency’'s TEAM study (TotdExposure Assessment
Methodology), where indoor means of TVOC were ia thnge of 1.0-3.0 mgfr(0.33-
0.98 ppm) and outdoor means of 0.5-0.7 nig/drl6-0.23 ppm) (Wallacet al, 1991).

TVOC were found to have adverse health effects.ekample, a study in Swedish schools
showed that TVOC were related to chronic airway gyms (nasal catarrh, blocked up
nose, dry or sore throat and irrigative cough),oofr general symptoms (headache,

abnormal tiredness, sensation on getting a coldse® and chronic eye symptoms (eye
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irritation, swollen eyelids) (Norbackt al, 1990). The mean TVOC concentration in that
study was 13Qug/m® (0.042 ppm). Another study found that current msthwas more
frequent among pupils exposed to higher levels\6DT in school (Smedjet al, 1997).
While the mean level of TVOC concentration wa3p@6n3 (0.0085 ppm), the odds ratio
was 1.3 per 1Qg/m®, p<0.001.

4.1.5. Formaldehyde (HCHO)

Outdoors weekly means for formaldehyde were caogrsilst lower than those indoors for
all schools suggesting that indoor sources of HGHé€yailed over outdoor sources. The
range of weekly means (SD) for indoor locations Wwé&2(22.4) - 41.9(62.8) ppb, and for
outdoors — 2.8(3.0) - 7.3(4.9) ppb. In comparisfohnet al (2009) reported the following
range of HCHO concentration for indoor locationssghools — mean (SD): 0.09(0.11)-
0.22(0.28) ppm, which is at least a factor of sghler than the results of the SchoolAir
study. Interestingly, Zhaet al. (2008) reported that mean outdoor concentrations i
Chinese schools were higher than those measuredrsidneans (SD) were 5.8(0.6) and
2.3(1.1) pg/m® respectively (which is 4.7(0.5) and 1.8(0.9) pphhereas outdoor mean
results of Zhaocet al. are comparable with the SchoolAir outdoor meahsjrtindoor
results are 8 to 23 times lower than the Schodl#door weekly means. The authors also
found associations between indoor HCHO and whe®ge £ 1.38, per Juig/m°®, p<0.05)
and nocturnal attacks of breathlessness (OR = pef2lug/m®, p<0.001).

Mi et al. (2006) reported mean concentration of formaldehydele schools of 9.4(6.9)
ng/m® (or 7.7(5.6) ppb), which is closer to the Schoolfdsults for outdoor locations,
rather than to indoors means. However, their indeagls of HCHO were not significantly

associated with respiratory symptoms.

A study in Swedish schools showed that increasmdidence of asthma diagnosis was
found in relation to higher HCHO concentrationsaiolassroom (OR = 1.2, per i§/m’)
(Smedje and Norback, 2001). The authors emphadis¢ these pollutant-health
relationships were found despite low concentratidghs mean of all classroom HCHO
concentrations was @g/m® (6.5 ppb) with a maximum average concentrationain
classroom of 72.g/m® (58.6 ppb). Similar odds ratio for relations betweHCHO in
indoor air in schools and current asthma were ¢atled at even lower mean
concentrations of formaldehyde. An earlier studysimeden resulted in OR = 1.1, per 10
ng/m, p<0.05, with mean level of HCHO being undepdm® (4.1 ppb) (Smedjet al,
1997).
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4.1.6. Carbon dioxide (CO »,)

Considerable variations were revealed for meascaelgon dioxide concentrations — daily,
across different location within the same schoa aoross schools and seasons. Weekly
mean concentrations depended on ventilation rositisech as frequency of opening
windows to air the room, and air tightness of eamtm. On many occasions daily mean
concentrations of COexceeded recommended guideline values — both therigan
guideline of 1,000 ppm (ASHRAE, 2007) and the Bhtione of 1,500 ppm (BB101,
2006). These results are a matter of concern asopie studies have shown that high
levels of CQin classrooms influence children’s cognitive funas. A study conducted in

a primary school in England demonstrated that &ttenprocesses of pupils were
significantly lower when the concentrations of @ classrooms were high (Coley al,
2007). A Norwegian study, which included €@easurements in 22 classrooms and
performance tests of 550 pupils from 5 schoolsp alsowed that children performed
poorer in environments with high G@vels (Myhrvoldet al, 1996). High concentrations
of CO, were shown to be associated with pupils’ absesiteeA study conducted in the
USA reported that 1,000 ppm increases in the diffee between indoor and outdoor £O
concentrations were associated with 10-20% relativeesases in pupils’ absence, and the

associations were statistically significant (Shdineeal, 2004).

School S3 revealed the highest weekly mean corat@nis of CQ measured in

classrooms, which can be explained by the air niggg of classrooms and lack of
ventilation routines. The classrooms investigate@chool S3 were located in “mobile”

stand-alone buildings constructed within the I&syé&ars and it was noticed that on several
occasions throughout each of the round of measuresntiee windows were not opened at
all throughout the whole school day. Across thessea the range for weekly mean
concentrations measured in classrooms of Schowle831,830(1,227) - 3,754(1,181) ppm.

School S2, on the contrary, showed the lowest ass weekly means in all the three
rounds of measurements with the range of 767(337388(600) ppm across seasons. In
the duration of the autumn and winter measuremenisd there were old single glazed
windows in both classrooms investigated in Schdgl 8hich were replaced with new
double glazed ones in April 2010 during the schao@lak, before the summer round of
measurements. Thus before the installation of na@wdaws the natural air exchange rate
between the classrooms and the outdoor environrteough construction gaps in
windows and walls was high (it is expected thatvéts higher than in the other three

schools investigated), whereas after the instatiatif the new double glazed windows the
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teachers of School S2 practiced a robust airingimeuvhen all or majority of classroom

windows were open during breaks between lessons.

Weekly mean concentrations of €@Were generally lower in physical education and
assembly halls in comparison with classrooms. Tight be explained by the fact that
children spent longer time during a school day heit home classrooms, whereas
occupation of halls varied with time and on mangastons halls were unoccupied for the
most part of the day. Also as classrooms were msugdiler in room volume than halls, the
population density (number of people pet of air) during the periods of occupancy was

usually higher in classrooms rather than in halls.

4.2. Personal exposure

Due to a limited amount of previously publishedegagh results which would contain data
on both personal exposure and exposure measurdd fixeed monitors in indoor
environments, in some cases it was not possibmnopare the results of the SchoolAir
study with any relevant results of previous studideere are even fewer personal exposure

studies conducted in schools.

4.2.1. Particulate matter (PM (5.5.0)

In all three rounds of measurements modelled paisexposures to particulate matter
were higher than those measured in relevant classan suburban schools, and the
highest PE was in the winter. However, in Schoohédelled PEs were slightly lower than
classroom MEs, as in both rounds of measurememigucted in the rural school weekly
means of PMls.s pnumber concentrations were higher in the classradher than in other

indoor locations or outdoors.

For the suburban schools weekly mean outdoor caratems were higher that modelled
PEs, whereas for the rural school PEs were highan toutdoor particle number
concentrations and, in turn, concentrations medsidhe classroom were higher than
modelled PEs. These results suggest that whereasibaorban environments outdoor
sources of particles prevail, in rural settingsomdconcentrations or PM are higher due to

human activities.

The results of PE modelling in this study are moagreement with some previous studies.
For example, in their review paper Ashmore and Dimniopoulou (2009) refer to the U.S.
Environmental Protection Agency's Particle Totalp&sure Assessment Methodology

(PTEAM) study which showed that personal exposuce®M,, were higher than both
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indoor and outdoor particle concentrations. Howetke results of PTEAM and the

current study can not be compared directly, as AMIBfudy used different methods of PE
assessment (personal exposure monitor — a pump avfilter — was used to collect

particles), different range of particles were irtigeged (with aerodynamic diameter less
than 10 um) and the study was conducted at homes,ewexposures to particles emitted
by such sources as cooking and tobacco smoke megrséderably higher than in schools
(Ozkaynaket al, 1997).

It was not possible to find any previously publidhgtudies that would report personal
exposures to particles of the same or close singerghat was investigated in the
SchoolAir study, as well as express results usingber rather than mass concentrations.
Therefore no direct comparisons of modelled perdsBNMaexposures with previous studies

are presented.

4.2.2. Carbon monoxide (CO)

In most cases modelled weekly mean PEs to carbaroxie were lower than MEs in
relevant classrooms (except for schools S1 andh $2ei summer). The range of modelled
weekly mean PEs was 0.35-0.85 ppm. The SchoolAirlt® were lower than the results of
two studies in Finland. The results of the studyschool children’s personal exposure
to CO published in 2001 showed that the daily ayegersonal exposure of 302 preschool
children was 2.1 mg/fn(1.83 ppm) (Almet al, 2001). This is 2.2 to 5.3 times higher that
the SchoolAir weekly mean PEs. The result of atiegastudy of PEs of children attending
preschool centres to CO led by the same authoaledenedian PE exposures to CO in the
range 0.9 to 2.0 mgf(0.79-1.75 ppm) (Almet al, 1994). These medians are comparable
to the upper end of the SchoolAir weekly mean PEstudy conducted in Oxford, UK,
investigating adult personal exposures and microenment concentrations, resulted in
mean CO personal exposure (mean of 38 individualpsss) of 1.1 mg/f(0.96 ppm),
which is again comparable to the upper end of gt@8lAir results (Laket al, 2004). 48-
hour mean PE of 50 office workers reported in a@toonducted in Milan was 2.1 ppm,
which is more than two times higher than the higi#shoolAir weekly mean PE (De
Bruin et al, 2004). However such direct comparison is inappatg, as the averaging
times are different.

4.2.3. Nitrogen dioxide (NO »,)

Overall nitrogen dioxide showed moderate variatiBiEs were slightly (but with high
statistical significance) higher than MEs, but lowean outdoor concentrations. This held

true for all schools and rounds of measurementgesé& hresults contradict an Australian
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school-based study which compared schools withuedflgas heating and flued gas or
electric heating. The findings of that study werattmean personal exposures (measured
with Palmes tubes) were lower than concentratioessured in classrooms or in the
children’s home kitchens - for both unflued gastimegand flued gas or electric heating

sample groups (Pilottet al, 2004).

The results of the SchoolAir study show that usingdoor concentrations of NGor
exposure estimation would have been inappropragehis would overestimate personal
exposures, which agrees with previously conductedidies (Ashmore and

Dimitroulopoulou, 2009).

SchoolAir weekly means of modelled PEs were in rdmege from 47.6 to 57.9 ppb and
were overall higher than the PE results of previetiglies reviewed by the author. It
should be noted that all the reviewed studies wesiag diffusion tubes to measure
personal exposures. A study carried out in two slshin Southampton, UK, with 46
children providing at least one personal N€ample (Linakeret al, 1996) resulted in a
weekly mean range of 10-§@/m° (5.3-42.5 ppb). Another PE study that was condlicte
in Southampton later was aimed at investigatingti@iships of PE to Nfand severity of
asthma in children with the mean age of 10 yeatse Tange of weekly mean PEs
measured with Palmes tubes was 4.2-58y2° (2.2-30.9 ppb), which is below the
SchoolAir weekly means, although is comparable (Bhaaet al, 2003). A Chilean study
of children’s personal exposures showed slightijhbr mean PEs than the other reviewed
studies with a mean of 88 personal samplers of @pt® which is still about half of the
SchoolAir weekly mean PEs (Rojas-Bradtal, 2002).

4.2.4. Total volatile organic compounds (TVOC)

In the summer round of measurements PEs to TVO@ wikghtly higher than relevant
MEs, except for School S3 where PE and ME were stiraqual. In the three out of four
cases the mean difference between PE and ME wihe range from 0.06 to 0.1 ppm. This
is generally in agreement with the results of aam&merican study, which showed that
PEs measured with personal exposure monitors wigheehthan TVOC concentrations
measured indoors in subjects’ homes, however difiegs between PEs and MEs were
larger in their case (Wallacet al, 1991). The range of the SchoolAir modelled PEs ar
comparable to the results of Wallageal. (1991), who reported a mean TVOC personal
exposure of 2.9 mg/fnor 0.95 ppm), which was a mean of 1500 individeEl samples,
however their results were 2.6 to 4.5 times higien the PE range in the SchoolAir
study.
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4.2.5. Formaldehyde (HCHO)

There was little difference between personal andsme=d exposures to formaldehyde. In
schools R, S2 and S3 measured exposures werel\slighher than personal. This is in
agreement with the results of a home-based studgiumed in Sweden (Gustafsenal,
2005), in which personal exposures with HCHO cotreg¢ions measured in bedrooms
were compared. However, in School S1 PE was a ltijher than ME. In all cases the
mean difference was under 10 ppb (in the absolateey. The SchoolAir PE results are
comparable to mean exposures measured with perswrators — a portable pump with a
sampling cartridge inside (Shinohaal, 2004). Their mean PEs were in the range 7-46
ppb, whereas the SchoolAir weekly mean PEs werd11ppb. The SchoolAir results are
also comparable to mean PE in the study by Gustasal. (2005) of 28ug/m® (22.8
ppb), which was the mean of 63 individual persaahples. Their mean value is mid-
range of the SchoolAir PE mean values. The Schoalsults are in agreement with the
results of direct PE measurements of 15 adultsintaird, where the 48-hour mean was
21.4 ppb (Jurveliret al, 2001).

4.2.6. Carbon dioxide (CO »,)

In most cases PEs to carbon dioxide were lower éx@osures measured in classrooms, as
classroom weekly mean concentrations were higreer those measured in other indoor
locations or outdoors. Thus by changing their locest from classrooms to somewhere else
within the school children lowered the g@©oncentrations that they were exposed to.
Winter PEs were overall the highest of the thraends, if compared within each school
(except for one class in School S3 for whom PE@ @ the autumn was slightly higher
than in the winter). As COis not considered to be an indoor air pollutaet author was
not able to find the results of any previously carted studies that would aim at
measuring personal exposures to this gas. Thusmparisons of the SchoolAir G®Es

with previously published results are presenteé .her

4.2.7. Linear regression results

Linear regression models correlating estimatedgpesexposures (Class A) to measured
concentrations (in Classroom A) suggested thathe rhajority of cases only a small

proportion of personal exposures to NGO,, PM and TVOC can be explained by MEs to
relevant pollutants, i.e. most coefficients of deti@ation for these air components were

less than 0.5.
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In an Indian school-based study personal exposuirgmipils and staff to Plk..0 were
assessed using personal monitors (filter basedsumeg particle mass concentrations in
ng/m’) (Gadkari, 2009). Personal exposures measurecedoh participant were then
correlated with indoor and outdoor levels of BMrhe coefficients of determination {R
for personal to indoor correlations were in the gar0.02-0.79 with 44 out of 52
coefficients being less than 0.5. Personal expssafeoupils and staff of three different
schools were investigated, and the personal tooin@ coefficients were higher for a
school situated close to a steel plant and downvviomd it. The range of Pbk.s opersonal
to indoor coefficients of determination in the Sokldr study was 0.16 to 0.82, with 7 out
of 11 calculated coefficients being under 0.5, Whie comparable with the results of the

Indian study.

The results of the linear regression between PBEMador NO, contradict the results of a
previously conducted home based study (Spergglat, 1994) which showed that 60% of
the variation in personal exposure levels was éxpthby the variation in indoor level
(measured in bedrooms). The SchoolAir results skothat only 9% to 39% of personal
NO, exposure were explained by the classroom measutemeligher R values in
Spengler’s study might be explained by the fact {e@ople spend more time in their
bedrooms and at home in general, rather than ao§cthus the bedroom levels might
influence PEs more than those measured in classtoémother study also found that
personal exposures were closely related to hom@omiévels the range of the correlation
coefficient (R) was 0.61-0.87, which mean ther&ge of 0.37-0.76 (Quackenbassal,
1986).

For CO and HCHO the results of the linear regressiere inconclusive, with about half
of the cases resulting in’R 0.5 and the other half — i’® 0.5. No seasonal or school
related patterns were observed for the coefficadndetermination distribution for these

two pollutants.

4.3. Comparison of measured and personal exposures with
indoor air guidelines

Daily means of exposures measured from 8:45 toOl&&&h day with fixed monitors in
three indoor locations in each school were comptarede mean 8- and 24-hour indoor air
guidelines. The same was done for the daily me&naaalelled personal exposures of

classes A and B.

The daily means for NOwere compared to the 24-hour indoor air guidebyeHealth

Canada of 50 ppb (Health Canada), as no 8-hour meéaor air guidelines for NOwere
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found by the author. For CO the WHO 8-hour aveladeor air guideline of 9 ppm was
used (WHO, 2010). For HCHO - the Health Canada8-huerage guideline of 0.04 ppm
(Health Canada), and for GG- the UK Department for Education and Employment
Building Bulletin 101 guideline value of 1,500 ppi@verage of a school day) (BB101,
2006) and the Health Canada 24-hour average 003pth (Health Canada) were used.

The author did not find any 8-hour average indaorgaidelines for TVOC, therefore
maximum acceptable concentrations guideline valese used. For the purpose of
comparisons two different maximum acceptable valmere taken: the Finnish Society of
Indoor Air Quality and Climate guideline of 2p@/m® and the Australian National Health
and Medical Research Council guideline of 5@m° (Ajiboye et al, 2006). These values
were compared with one minute averages recordethbywireless gas monitors and
numbers and percentages of observations exceduasg thresholds were calculated. In
order to convert the guideline values expresseagim® into ppm the same method was
used as described in Section 4.1.4: for convergiosposes the average TVOC molecular
weight of 75 gram/mole was taken. Thus 2@0m° became 0.0652 ppm and 50§/m® —
0.163 ppm.

No indoor air quality guideline expressing a PMdgline value in particle numbers rather
than mass concentration was found by the authars Tire SchoolAir results for R)M.s o

were not compared with any guidelines.

The results of the comparisons of exposures medswith fixed monitors in indoor

locations with 8- and 24-hour average guidelines presented in Table 27. The table
shows the number and percentage of cases when maidns exceeded the guideline
values. The total number of cases per school @oseis 15, which is 3 indoors locations

by 5 days of measurements in each round.

The results of modelled PEs comparisons with 8-2htiour average guideline values are
presented in Table 28. In this table the total Ibemnof cases was 10 for suburban schools
(2 classes by 5 days of measurement per roundp arases for the rural school — 1 class

by 5 days per round.

None of the daily means of either measured or niediglersonal exposures @D were
found to exceed the 8-hour average guideline qirf.p

For NO; indoor daily mean MEs exceeded the 24-hour guidelaiue of 50 ppb in every
school in all rounds of measurements. The percestaii ME daily means over the

threshold were in the range from 13% to 67% oubtdl number of cases (15). For daily
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means of PE to NOthe proportion of exceeding cases was even hittear for ME —
60%-80%, as there were less total cases and mddels were in general higher than
MEs. Caution should be taken when interpretingrésailts of this comparison, as the daily
means were compared with 24-hour guideline. Howeheses results indicate that further
research in this area is required. For examplgoitld be useful to compare hourly means
with the 1-hour WHO guideline of 110 ppb (WHO, 2p10

Some of indoor and personal exposure measuremewteded the 8-hour average
guideline value foHCHO of 0.04 ppm. Measurements conducted in Schooli&Zaot
result in any daily means exceeding the guidelsyever, in the schools R and S3 13%
of cases, and in School S1 one third of all cagesazled the guideline. For PEs in schools
R and S2 there were no cases exceeding the guwedaine, in School S3 there was one
case out of ten total and in School S1 half (5 €aséthe PE daily means exceeded the
guideline.

In the majority of cases the school day guideliakig of 1,500 ppm o€O, was exceeded.
For MEs the proportion of cases above the guidekias in the range from 13% to 67%,
with an exception of School S2 in the autumn andrear rounds of measurements, where
none of the cases exceeded the guideline. Schoa@h8&ed the highest proportion of
indoor daily means above the threshold in the wintaind (67%) and in the summer
(47%) and the second highest in the autumn rouiéo}6 Moreover, in the autumn and
winter daily means of CQconcentrations measured in indoor locations is gthool
sometimes exceeded the 24-hour guideline of 3,p09-pin 5 (33%) cases and in 4 (24%)

cases in each season respectively.

For PEs the proportions of daily means exceedieglifs00 ppm guideline were in the
range 20-100%, with the exception of School Shadutumn and summer, where all PE
daily means were below the threshold. However, nointhe daily mean PEs exceeded
3,500 ppm.

Table 29 and Table 30 present the result§\éOC one-minute averages with the two
different guideline thresholds: of 2@/m® (0.0652 ppm) and 50@y/m® (0.163 ppm), for
measured and personal exposures. The tables showhévast majority of both ME and
PE observations exceeded the more strict maximwontmended value of 0.0652 ppm.
For MEs the proportion of observations exceedimgtkineshold was in the range 48-100%,
and for the majority of locations in each schooD%0 of observations exceeded the
guideline (Table 29). For PEs this proportion wasif 58% to 94% (Table 30). When the

less strict guideline value of 0.163 ppm was talkean the proportion of MEs exceeding
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this threshold was in the range 16-100%, where&e®98% of all PE observations exceeded

the guideline.

The results of the above comparisons are concemnigindicate that for the measured
gases such as NCHCHO, TVOC and C@the indoor air quality in schools did not meet
the guidelines. Modelled personal exposures alseeded the recommended guideline

values, suggesting that further investigation isdesl.

4.4. Health questionnaire results

Preliminary health survey results revealed that f@eportion of the rural school children
showed any respiratory and/or allergic symptomgntithe children in the suburban
schools investigated. It must be noted though tth@populations investigated in this pilot
study were small and that no proper analysis of pbesible influence of personal
exposures on health effects has been performedityet. envisaged that such detailed
analysis and modelling might be performed in ther with the aim to publish the results

in peer reviewed journals.

There was inconsistency of parental responseseirh#alth part of the questionnaire: on
some occasions parents / guardians reported that ¢hild had not had a respiratory /
allergic symptomeverin their life, but later along the questionnairey would respond
positively to a question about the same sympitothe last 12 monthg-or the purpose of
this initial descriptive analysis the answers w&spt as they were provided by the

respondents.

4.5. Advantages of the proposed method of personal exposure
estimation

The results of the pilot SchoolAir study showedtthzodelled personal exposures of
schoolchildren were significantly different from ethexposures measured with fixed
monitors in home classrooms. This indicates thas@el exposures to air pollutants
should not be approximated to the measurementsefiged monitor. Using readings of a
fixed monitor may either underestimate or overeatenthe real personal exposure, as it
does not take in account exposures of childrenitopallutants in any other micro-
environments during the school day.

Although personal exposure monitoring using persoramplers allow detailed
measurements and comparisons of the daily variagfoexposure between individuals,
usually there are problems with the limited numbérsamplers available as well as

equipment failures (Alrmet al, 2000; Mejiaet al, 2011). The proposed method has an
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advantage of using less equipment, but at the s@meecovering most of the school areas
where children spend their time throughout the stday. Thus by using precise by-class
time-activity-location records combined with theasarements at each location within the
school, it is possible to get accurate estimatioinshildren’s personal exposures, which

might closely reflect the true personal exposures.

In a bigger study it could be recommended to covere / all microenvironments of each
school — both indoors (such as “home” classroomsyputer rooms, art and music rooms,
libraries, halls and corridors) and outdoors (tlestbsolution would be to have multiple
outdoor monitoring sites within the school groundsinvestigate special variability of

outdoor air quality nearby schools), as well asecawtside school microenvironments,
such as home.

4.6. Limitations of the pilot study

In the duration of the pilot SchoolAir study a nuenltof issues were observed that affected
the outcomes. Below the limitations of the measueguipment / technique and of the

health and background questionnaire survey araidesc

Measurements limitations

There were some equipment issues and failuresglthiandata collection stage of the pilot
SchoolAir study, such as wireless monitors systeoverage issues, gas monitors
calibration issues and failures of gas monitors jpadicle counters. To solve the wireless
system problems it can be recommended that in @oye project using the same wireless
gas monitors additional routers should be usetrémgthen the wireless network. It can be
advised that all equipment should be re-calibrégananufacturers before each round of

measurements to ensure quality and comparabilitgezsurements.

To improve the reliability of outdoor measuremethiss outdoor monitors should be placed
into a made for purpose enclosure, built with imetterials, e.g. not made of plastic to
avoid VOC emissions. Ideally, a special outdoor dneg with a built in dehumidifier /
heater should be used for particle counters inamrténvironments to avoid the influence
of microscopic water droplets on particle counts\geegistered, as might have happened
in School S3 in the winter round of the SchoolAilopstudy. Products with this facility
have been advertised by companies such as GrimmsglemTechnik GmbH & Co. KG
(Grimm Aerosol Technik, 2011).

As only four sets of monitoring equipment were &lde for the pilot study, it was

possible to conduct simultaneous measurements ianfgur different locations. For a
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bigger study it may be recommended to use more toramy Stations, to cover more
micro-environments within (such as computer roomud, and music rooms, libraries,

corridors and breakout rooms) and, possibly, oatsihool environments.

Health and background survey limitations

The response rate in the pilot SchoolAir study @s, in particular in one of the
participating schools. Although certain attemptsevenade to engage pupils, parents /
guardians and school personnel in the study, fersmmool they did not bring the expected
result. One of the reasons might have been the lemgl of the English language
competency among the parents / guardians of tHdrehj which might have prevented
them from answering the questionnaire. It may lmememended that in any future studies

more efforts are made to engage the school sigfilgpand their parents / guardians.
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5. Conclusion and recommendations
Variability of measured concentrations

The results of the pilot SchoolAir study showed artpnt temporal and spatial variations
in concentrations of certain air components. Thatnpoominent variability was observed
for PMysspand CQ, which revealed extensive daily and weekly vatighias well as

variability of weekly means across schools and@eas

Highest indoor PMs.50 number concentrations were observed in the windbeind of
measurements in comparison with the autumn and sumr@utdoor PMss0
concentrations were lower in the rural school imparison with the suburban schools.
Outdoor-indoor relations of particle concentratioreze different in the rural and suburban
settings: in the rural school outdoor P4, concentrations were lower than indoors,

whereas in the suburban schools outdoor concesigatiere higher than these indoors.

Highest indoor C@ concentrations were observed in the winter rouhdheasurements
and the lowest — in the summer. This can be expthby the lack of ventilation in school
rooms in the winter months. GQveekly mean concentrations were lower in physical

education and assembly halls rather than in clagsso

Weekly mean CO concentrations did not reveal magoiations. It was noticed, however
that CO and HCHO levels were influenced by certaiman activities indoors (e.g. CO
and HCHO concentration increased when pupils hie@cwere using white board markers
and during art / painting lessons), however ndherinvestigation of this was undertaken.
In cases of both HCHO and CO outdoor mean condenigawere either lower then or
similar to indoors, which can indicate that domimgtsources were indoors (note that only

the summer measurements were available for HCHO).

NO, weekly means revealed limited variability, butciase of all schools and all seasons
indoors concentrations were lower than outdoorciimdicate that major sources of NO

were outdoors (e.g. vehicular emissions).

Summer measurements of TVOC did not reveal anyoaisvschool specific patterns —
sometimes outdoor concentrations were lower thelodrs, whereas in other schools it
was approximately at the same level or higher. éndmoncentrations of TVOC were
influenced by indoor activities, such as art lesso®n hotter days the outdoor
concentrations may have been influenced by TVOGsioms from the plastic cover of the
outdoor monitoring station.
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The results of the study showed that measured mdoocentrations and modelled
personal exposures to such gases as, NGCHO, TVOC and C@ exceeded the
recommended indoor air guidelines. Besides, corepasi with previously conducted
studies revealed that at the levels comparablegmhes recorded in the SchoolAir study
some adverse respiratory health effects had beseradd — especially for NOHCHO
and TVOC. These findings suggest that the hedlithibddren attending the investigated
schools may be at risk.

Personal exposures

Personal exposures (PE) of one to two classescheokwere modelled and then PEs of
one class were compared to the measured exposhie} i the relevant “home”

classroom of each class.

In case of particulate matter, N@nd TVOC it was found that weekly mean PEs were
higher than MEs in the majority of cases. ForgBNMonine out of eleven comparison cases
resulted in statistically significant differencetwiPE higher than ME, for NCall eleven
pairs were significantly different, and for TVOCre¢le out of four were significantly

different.

For CO, HCHO and Comost of the calculated weekly mean PEs were |dlagr relevant
MEs. For CO in 8 out of 11 cases PE were lower &and the results were of a high
statistical significance. For HCHO it was in 3 @fit4 cases and for GG- in 8 out of 11

cases.

These results show that in both cases, whethemiREs significantly higher or lower than
MEs, it would have been inappropriate to use thasueements of fixed monitors located

in a “home” classroom as a proxy of children’s peed exposures at school.

The calculated changes in the coefficients of wama(CV) between weekly means of
measured and personal exposures revealed thabiityiaf modelled PE was higher than
that of relevant ME. In the majority of cases (3@ of 52) the change in CV was positive
and was equal to or exceeded 20%. Moreover, inutbio52 cases this change exceeded
50%. Thus modelled PE seems to reflect more ofatiteal variability of exposures that
children had during their days at school than exps measured in a classroom, which is

important when assessing exposure and healthae&ips.
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The results of linear regression of personal exyssto measured exposures showed that
for the three of the six investigated indoor aimponents — Plyk.s.a NO,, and CQ — only

smaller proportions of the PEs could be explaingthk relevant MEs (i.e. less then 50%).

For the other three pollutants — CO, HCHO and TUB€results of linear regression were
inconclusive, as half of the calculated coefficeenf determinations were above 0.5 and
the other half were below 0.5 (note that in caséel6GHO and TVOC only the data from

the summer round of measurements were available).

Health survey results:

Preliminary analysis of the health survey resuéigerled that there were variations of
respiratory and allergic symptoms prevalence batvibe investigated schools — in some
schools the prevalence rates were higher thaneanothers. Variations in the means of
modelled personal exposures were observed asliveils been observed that the children
in one of the suburban schools, where the modgtedy mean PEs were in the upper end
of the inter-school yearly means range had the esgiproportion of respiratory and
allergic symptoms, whereas in the rural schoolybarly means of modelled PEs were
overall in the lower end of the inter-school yeanheans range, and the rural school
children had the lowest prevalence of symptoms.sTime preliminary findings suggest
that personal exposures to air pollutants in sckaglronments may influence respiratory
health of the children attending them. Further datalyses and additional research is
required within the SchoolAir study to quantify tmelationships between indoor air
guality, personal exposures and prevalence of naspy and allergic symptoms in school

children of the participating schools.

Recommendations for further analysis of the data $ecollected in the pilot SchoolAir

study

Due to the time constraints of this MPhil projecivias not possible to perform all data
analyses and modelling that would be beneficial ulmderstand various pollutant
interactions and health effects better, e.g. tdysthe influence of outdoor concentrations
of pollutants on the indoor concentrations, to stigate different pollutant interactions,

etc.

It may be recommended therefore that in the futhee following modelling and data

analysis would be performed:

» To calculate indoor to outdoor concentration ratio$/O ratios — for all pollutants
in all schools and for all rounds of measuremeintxrder to explore whether a
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pollutant was generated mostly outdoors or indcams, to look for any seasonal or

spatial differences.

* To look into differences / similarities of measuredposures in the pairs of

classrooms in suburban schools — Classroovs.&lassroom B.

* To compare modelled PEs to the measured exposoré€3ddss B the same way it
was done in this sub-study for Class A — for theusban schools. The next step
would be to compare the modelled PEs of Class A thié modelled PEs of Class

B within each school.

* To conduct in-depth analysis of the health sunespits — by individual symptom
and groups of symptoms, and to perform multivaratealysis to investigate which
indoor air pollutants may influence the respiratbigalth of school children the

most.

Recommendations for any future larger studies resting from the SchoolAir pilot
study

Some recommendations can be drawn from the reantislessons learnt from the pilot

stage of the SchoolAir study.

To describe the distribution of particle sizes anthber concentrations more precisely and
to allow direct comparisons with previously condutstudies, it can be recommended to
acquire new sets of particle counters, which waalldw to measure particle number

concentrations in the fine and ultra fine partiilee range (e.g. with narrower particle size

ranges measured).

To minimise equipment failures and calibration esuall the instruments used should be

send to the manufacturers for re-calibration beéareh round of measurements.

In a bigger study it can be recommended that moitirvand outside the school

microenvironments are covered by measurements, asicboms of various use within the
school (classrooms of different primary year classsomputer rooms, art and music
rooms, libraries, halls, corridors and canteenginér environments (bedrooms, living
rooms, and kitchens), as well as outdoors envirarisnsurrounding schools and homes.
Thus it would be possible to model personal expswf children to air pollutants more

precisely.

In order to improve health questionnaire respomge it may be recommended to work

closer with the school staff, children and childsgmarents (e.g. by conducting explanatory
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talks to children, staff and parents regardingaimes and importance of the air quality and

health study, as well as giving general scientdilks and presentation to the children as
part of their science lessons). The SchoolAir resedéeam had several successful talks
with the children and teachers of some of the @adting schools as well as in one school
which was outside the pilot project. The participgtschools where the staff and children

showed more interest in this scientific projectvsdd higher response rates. However, in
other schools, which showed low response ratergbearchers probably should have been
more diligent in their approach to communicateithportance of the study to the teachers
in particular who were the vital link between thesearchers and children’s parents /

guardians.

It may be recommended to translate the questiomnand any accompanying
supplementary materials into relevant foreign laggs in case of multi-cultural schools.
This would allow parents / guardians with insuffici competence of the English language
to understand the questions and complete the guesire. Preceding consultations with
the headmasters of such schools would be beneft@iaker methods should be considered
to improve uptake of the survey. One of the wayy tma to perform several rounds of
questionnaire distribution in order to give nonp@sders more chances to fill in the health

guestionnaire.

Overall the proposed methodology of assessmenhitdren’s personal exposure to air
pollutants during a school day provides an altévagb using personal exposure monitors.
Whereas studies using personal exposure monitersnaited by the number of monitors
available, as well as are usually affected by mldtiequipment failures, the proposed
method of combining measurements with stationargitacs in school microenvironments
with the children’s time-activity-location patternan be a less expensive method allowing
to accurately assess personal exposures of grdugsldren (e.g. classes or primary year
groups). Moreover, the results of the pilot Schaolgtudy showed that the majority of
modelled personal exposures were significantlyedéfit from the exposures measured in

“home” classrooms.
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7. Figures and tables
Table 3 Schedule of measurements at schools througlt the 2009/2010 school year

ROUND 1
(Schools: R, S1, S2, S3

ROUND 2
(Schools: S1, S2, S3)

ROUND 3
(Schools: R, S1, S2, S3

Sept-Nov, 2009

Jan-Feb, 2010

May-June, 2010

Timing: (5 days in each school) | (5 days in each school) (5 days in each school)
1) Health Questionnaire 1) Exposure Assessmen
Actions: 2) Exposure Assessmer]t Exposure Assessment 2) CO breath test
3) CO breath test
Table 4: Study population characteristics
Children Wlth re_turned Age Gender
guestionnaires
Target - -
School por?u— No. of No. of l\'l:§ nz(e;l)eof Nl(\)/la(l;) of
|ation Number % of target | questionnai | % of target Mean (SD), | questionnaire | % of target uesfionnaires uesfionnaires
population | res with age | population years s with gender | population que que
data data with gender with gender
data) data)
R 102 58 56.9% 57 55.99 7.63 (1.5p) b8 56.9% 29 (8.0 29 (50.0%)
S1 90 54 60.0% 54 60.09 7.54 (0.48) b4 60.0% 26 (48.1% 28 (51.9%)
S2 87 44 50.6% 43 49.49 7.7 (0.31) 14 50.6% 25 (56.8%) 19 (43.2%)
S3 89 11 12.4% 11 12.49 7.55 (0.3B) 11 12.4% 5 (45.5%) 6 (54.5%)
?(l‘,lhools 368 167 45.4% 165 44.89 7.61 (0.94) 67 45.A4% 8305) 82 (49.1%),
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Table 5: Monitoring station locations

Location A Location B Location C Location D Location E
(outdoors)
School R Classroom A C_:o_rr_idor . Hall Playground -
(joining classrooms with the hall

School S1 Classroom A Classroom B Hall Playground -
Canteen (a stand alone building)
Measurements were performed on one day after the

School S2 Classroom A Classroom B Hall Playground | Winter round of main measurements and were used
personal exposure modelling of S2 children infaiké
rounds (to represent the time children spent in the
canteen).

School S3 Classroom A Classroom B Hall Playground -

Notes:

for

In schools R, S1 and S3 children had their luntieein the assembly/physical education hall dh&ir home classrooms, whereas in school S2 thaseavstand alone canteen building
where children had their meals.
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Table 6 Missing values for measured exposures (as &b total number of observations during the occupié part of the day — 8:45 to 15:30, over five days o
measurements)

PM(0.5-5.0) CcO NO2 TVOC t HCHO £ CO2
R* S1 S2 S3 R* S19] S2 |S3 ] R* S19Y| S2 |S3 || R* S1 S2 S3 R* S1 S2 S3 R* S19]| S2 |S3 ¢
Classroom A 1.1%) 0.9%| 0.6% 0.8% 1.1%| 8.4%| 1.2%| 85% 1.1%| 8.4%| 1.2%| 85% — - - — - - - - 1.1%| 8.4%| 1.2%| 8.5%
Classroom B /
. 0.6%| —* 0.3% 0.6% 0.9%| 8.3%| 12% 9.8% 1.0% 8.3% 1.2% 9.8% — - - - - - - - 1.0%| 8.3%| 1.2%| 9.8%)
Autumn Corridor
Hall 60.7% § 1.1%| 0.5% 6.3%] 1.1%| 16.6%| 1.2%| 19.699 1.1%| 16.6%| 1.2%| 19.6%| — - - - - - - - 1.1%| 16.6%| 1.2%| 19.6%
Outdoors 3.4%| 20.8% o] 0.8%| 20.5% f| 3.1%| 11.5%| 1.2%| 23.29%4 3.1%| 11.4%| 1.2%| 23.2%] — - - - - - - - 3.1%| 11.4%| 1.2%| 23.2%)
Classroom A - 04% o03%| o7 — | o019 o05% 559 - | 01w 05% 5504 - - - — — — — — — | o1%] o05% 5.5%
Classroom B /
. - 03% o05% 07 — | 43% 05% 221% - | 43w 05% 222% - - - - - - - - — | 43% 05% 22.2%
Winter Corridor*
Hall - 0.6%| 0.7%] 0.9% — 21.6%| 0.6%| 7.694 — 21.6%| 0.6%| 7.6% — - - - - - - - - 21.6%| 0.6%| 7.6%
Outdoors - 7.6%| 0.4% 9.7% — 11.9%| 0.5%| 12599 — 11.9%| 0.5%| 12.5% — — - - - - — - - 11.9%| 0.5%| 12.5%
Canteen t1 — — 34% - — — 5.0% — - - 5.0% -— - - - - - — - - - - 5.0%| —
Classroom A 1.0%| 0.5%| 1.5% 24% 0.6%| 4.4%| 03% 2299 0.6% 4.4%| 0.3%| 2.3%| 0.6%| 4.4%| 0.3%| 2.2%] 0.6%| 3.9%| 0.3%| 1.09%d 0.6% 4.4%| 0.3%| 2.2%|
Classroom B /
. 0.6% 0.4%| 0.3% 1.5%] 1.8%| 3.6%| 0.3%| 1.19%) 0.6%| 3.6%| 0.3%| 1.1% 0.6%| 3.6%| 0.3%| 1.1%| 0.6%| 3.3%| 0.3%| 0.8% 0.6%| 3.6%| 0.4%| 1.1%
Summer |Corridor*
Hall 1.0%) 0.4%| 8.4% 15%] 0.7%| 4.0%| 0.3%| 3.4% 0.6%| 4.0%| 0.3%| 3.4% 0.6%| 4.0%| 0.3%| 3.3%] 0.7%| 3.6%| 0.3%| 25% 0.6%| 4.0%| 0.3%| 3.4%
Outdoors 0.7% 0.5%| 19.8%) 0.9%] 1.2%| 4.7%| 03%| 4.9% 1.2%| 4.4%| 0.3%| 4.9%| 1.2%| 4.4%| 0.3%| 4.9%] 1.0%| 3.4%| 0.3%| 1.994 1.4%| 4.4%| 0.3%| 4.9%)

Notes:

* School R was included into two rounds of measugets only (autumn and summer), due to logisticaess

In School R the measurements were conducted ordgénclassroom (A), as due to small size of clasbéximary 3 and 4 children were located in olassroom. The second monitoring
station was located in a corridor connecting sdvdaases with hall.

** PM 5.5, 0measurements for classroom B in School S1 in autara not presented due to equipment failure.

8§ PMy5.5omeasurements for hall in School R in autumn agdlae for 3 full days only (Mon-Wed), due to eguient failure.

o Qutdoor PNs.s omeasurements in School S1 in autumn were not peeid on one day of the week due to weather comditio

T Outdoor PM;5.5omeasurements in School S3 in autumn are missingni® day due to equipment failure.

1 Due to connectivity issues with wireless gas moosiin Schools S2 and S3 during the autumn antewiounds of measurements, for some locationgsgasentrations were not recorded
by the computer every minute (as it should) butearecorded more irregularly — with occasional gafgd to 10 minutes. This still can be considered@ginuous measurement. The problem
was resolved in the summer round of measuremetitsingtallation of two additional wireless routendhich strengthened the network.

T Measurements of TVOC and HCHO concentrationsitakeing the autumn and winter rounds of measurésneere discarded due to sensor calibration issues.

t1 Exposures measured in a canteen were perfomrgchiool S2 in the winter round of measurementg. onl
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Table 7 Missing values for modelled personal exposes of school classes (as % of total number of olgations during the occupied part of the day — 8:45%0 15:30,
over five days of measurements)

PM(0.5.-5.0) co NO2
Season| Clas§ R* s1 S2 S3 R* s1 S2 S3 R* s1 S2 S3
Autumn A 2.1% 0.6% 3.8% 6.9% 1.1% 3.6% 4.2% 20.0%  1.1% 3.6% 4.2% 20.0%
B — 0.6% 1.0% 11% | — 3.7% 1.2% 1514 — 3.7% 1.2% 15.1%
Winter A — 3.1% 0.2% 16.74 — 6.0% 0.5% 78% | — 6.0% 0.5% 7.8%
B — 3.2% 2.8% 2039 — 7.6% 2.8% 2.7 — 7.6% 2.8% 32.7%
Summer A 0.6% 3.0% 3.2% 1.4% 0.6% 6.9% 2.6% 3.0d6 0.6% 6.8% 6%2| 3.0%
B — 0.6% 0.3% 13% | — 3.9% 0.3% 250 | — 3.8% 0.3% 2.6%

HCHO TVOC co2
Season| Clas§ R* s1 S2 S3 R* s1 S2 S3 R* s1 S2 S3
Autumn A - — — — — — — — 1.1% 36% | 4.2% 20.0%
B — — — — — — — — — 3.7% 1.2% 15.1%
Winter A - - — — — — — — — 6.0% 0.5% 7.8%
B — — — — — — — — — 7.6% 2.8% 32.7%
summer LA 0.6% 6.2% 2.6% 1.4% 0.6% 6.8% 2.6% 3.0d6 0.7% 6.8% 6%2| 3.0%
B — 3.4% 0.3% 13% | — 3.8% 0.3% 25% | — 3.8% 0.3% 2.5%

Notes: High percentage of missing values for solagses are due to children going to locations e/b&posure monitoring was not conducted, and wiremissing measurements could not
be substituted with any available measurements ¢hilgiren gong to a swimming pool for School S3).

* School R was included into two rounds of measuets only (autumn and summer), due to logisticaess
In School R the measurements were conducted ordgerclassroom, and consequently personal expasgenodelled for one class only (A), as School & dree composite class

combining primary years 3 and 4.
¥ Measurements of TVOC and HCHO concentrationsntaksing the autumn and winter rounds of measurésneere discarded due to sensor calibration issues.
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Table 8 Erroneously high concentrations of outdooPMg 5.5 omeasured in the winter round in School S3

Mean exceeded overall

Mean exceeded overall

Day (pa'r\{ligl?a Z/L) (partill?as/L) Outdobor I?M mean 1 Outdoor I_DM mean 2
y times: by times:
Monday 1,381,738 983,561 12 107
Tuesday 1,103,555 373,430 9 85
Wednesday 1,675,363 716,791 14 130
Thursday 2,141,490 839,404 18 166
Friday 12,847 5,009 n/a n/a
.Outdo.or PM mean 1 (across all ;chools and all rourgd 116,704 438,178
including winter measurements in School S3)
Outdoor PM mean 2 (across all schools and all roursj but 12,929 17,548

excluding winter measurements in School S3)
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Table 9 Descriptive statistics — PMs.s o(measured exposure), particles/L

Season Location S.ChOOI R* S.ChOOI S

N obs Mean SD Median Q1 Q3 GM GSD N obs Mean SD Median Q1 Q3 GM GSD

Classroom A 2,007 5,56( 2,59t 4,745 3,60¢ 7,26t 5,031 1.58 2,01z 6,372 2,302 6,57 4,49¢ 8,00¢ 5,91% 1.5C

Autumn Classroom B / Corridor* 2,01¢ 4,79¢ 2,13f 3,88: 3,28¢ 6,49¢ 4,39¢ 1.5C —T — — — — — — —
Hall 79¢ 5,382 3,073 4,031 3,20 6,612 4,71 1.6 2,007 6,072 2,601 6,24¢ 3,87¢ 7,811 5,422 1.6¢€

Outdoors 1,96( 4,387 2,57¢ 3,25( 2,79¢ 4,67¢ 3,83¢ 1.6 1,60¢ 15,097 16,32¢ 8,351 6,631 15,25¢ 10,07¢ 2.32

Classroom A — — — — — — — — 2,021 6,30¢ 2,944 5,574 4,407 7,522 5,80¢ 1.4¢

Winter Classroom B / Corridor* — — — — — — — — 2,022 5,637 3,167 4,682 3,87¢ 6,63¢€ 5,062 1.5¢
Hall — — — — — — — — 2,015 5,63( 4,07: 4,507 3,38¢ 5,95( 4,762 1.71

Outdoors — — — — — — — — 1,87¢ 12,51¢ 13,618 6,89¢ 4,51( 14,15( 8,561 2.28

Classroom A 2,00¢ 5,111 1,62 5,157 3,81¢ 6,11¢ 4,84 1.3¢ 2,01¢ 8,42 5,42¢ 6,318 4,42¢ 11,90¢ 6,89¢ 1.8¢

Summer Classroom B / Corridor* | 2,017 4,01( 1,25¢ 3,762 2,992 4,90¢ 3,827 1.3€ 2,021 8,14( 5,217 6,24¢ 4,47¢ 10,43¢ 6,76¢ 1.82
Hall 2,00¢ 4,58 1,85¢ 4,61¢ 3,03¢ 5,71(C 4,21¢ 1.51 2,022 6,17¢ 3,554 5,24¢ 3,40i 7,43¢ 5,312 1.7z

Qutdoors 2,01¢ 3,94: 2,62¢ 3,20¢ 2,521 4,99: 3,44 1.61 2,01¢ 13,11% 12,10( 7,17 4,072 17,94( 8,61( 2.52

Season Location .SChOOI 2 S.ChOOI =

N obs Mean SD Median Q1 Q3 GM GSD N obs Mean SD Median Q1 Q3 GM GSD

Classroom A 2,01¢ 5,26t 2,22 4,69¢ 3,98¢ 5,64( 4,932 1.4C 2,01« 6,70¢ 2,38¢ 6,251 5,40¢ 7,29% 6,39¢ 1.3¢

Autumn Classroom E 2,02: 5,18¢ 1,83( 4,73¢ 4,09: 5,70z 4,92z 1.3€ 2,015 8,37: 3,22¢ 7,632 5,94¢ 10,22( 7,78¢ 1.47
Hall 2,01¢ 5,76¢ 2,34¢ 5,25( 4,11¢ 6,65¢€ 5,37 1.4 1,902 10,207 5,902 8,57¢ 6,14( 11,68¢ 8,81( 1.71

Qutdoors 2,01: 6,97( 6,47: 4,982 3,77¢ 6,601 5,62¢ 1.7¢ 1,61: 12,22¢ 12,25 8,69¢ 7,21 15,04( 9,61¢ 1.9:2

Classroom A 2,02¢ | 17,59¢ | 11,47% | 20,30¢ 6,971 | 26,49¢ | 13,08: 2.34 2,01€ 6,79¢ 3,121 6,63¢ 4,432 8,04¢ 6,171 1.5¢€

Classroom E 2,02( | 15,86 9,64z | 17,93« 6,87¢ | 24,62( | 12,23: 2.21 2,01¢€ 3,93¢ 1,48¢€ 3,77( 2,94¢€ 4,731 3,671 1.4F

Winter Hall 2,01€ | 19,75¢ ] 12,80¢ | 23,19( 7,05C | 32,07¢ | 14,24: 2.4¢ 2,012 10,40¢ 5,19( 9,612 6,00¢ 14,16¢ 9,04¢ 1.74
Outdoors 2,02z | 41,58« | 30,03( | 48,74¢ 9,657 | 65,407 | 24,98¢ 3.4z 1,83¢ 1,178,55¢) 957,13( | 965,91! 588,94( 1,797,321 | 467,78. 7.42

Canteen : 11F 4,554 921 4,45¢ 3,83¢ 5,19¢ 4,46 1.22 — — — — — — — —

Classroom A 1,99¢ 5,372 4,037 3,752 2,662 6,412 4,367 1.82 1,981 5,91( 3,63¢ 4,80¢ 3,14t 7,26% 5,00¢ 1.77

Summer Classroom E 2,02: 5,02z 2,91¢ 4,09t 2,85¢ 6,512 4,37¢ 1.6€ 2,00( 5,38¢ 2,19¢ 5,411 3,72 6,69: 4,89¢ 1.5¢
Hall 1,86( 6,582 5,10¢€ 4,501 2,97¢ 7,87¢ 5,231 1.9C 1,99¢ 6,462 2,90t 5,74¢ 4,342 8,97¢ 5,76¢ 1.65

Qutdoors 1,62¢ | 11,03¢ | 11,45« 7,09¢ 2,40¢ | 14,93¢ 6,612 2.7¢ 2,011 7,85( 8,59( 5,96¢ 2,64¢ 8,14« 5,31¢ 2.3t

Notes: N obs — Number of valid observations.

Mean — Mean

SD - Standard deviation

Median — Median
Q1 — 2% percentile
Q3 — 7% percentile

GM — Geometric mean

GSD - Geometric standard deviation

* In School R exposure measurements were condirctede classroom only, as the school
had one composite class combining primary yearsd3a The second monitoring station
was placed in a corridor connecting several otess.

No measurements were conducted in School Reinvinter round due to logistic
reasons.
t PMys.s.0measurements for classroom B in School S1 duhieg@utumn round are not
presented due to equipment failure.
T Measurements in Canteen in School S2 were coadlicthe winter round only.
1 Outdoors PMs.s omeasurements in the winter round in School S3 @grThursday)
were discarded from PE estimation, due to errorgdugh values recorded.
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Table 10 Descriptive statistics — PMs.s o(measured exposure). Geometric mean (GM) and geomietstandard deviation (GSD), particles/cri

Season Location = S1 S2 S3
GM | GSD | GM GSD | GM GSD | GM GSD
Classroom A 5.0 1.6 5.9 1.5 4.9 1.4 6/4 113
ClassroomB | 441 15 - 4 49 14 78 1B
Autumn /Corridor
Hall 4.7 1.6 54 1.7 54 1.4 8,8 117
Outdoors 3.8 1.6 10.1 2.3 5.6 1.7 916 1.9
Classroom A - - 5.8 1.5 13.1 2.8 6.2 1|6
Classroom B | -] s1| 18 122 22 3 1
Winter /Corridor I
Hall - - 4.8 1.7 14.2 2.5 9.1 1|7
Outdoors - - 8.6 2.2 25.( 3.4 - 74
Canteen — - - - 4.5 1.2 + +
Classroom A 4.8 1.4 6.9 1.9 4.4 1.8 5/0 1.8
ClassroomB | 3g| 14| 68 1.8 44 17 4P 16
Summer | /Corridor
Hall 4.2 15 5.3 1.7 52 1.8 5/8 1.6
Outdoors 3.4 1.6 8.6 2.5 6.6 2.8 53 2|3

Notes: For number of observations and generakrsse notes for Table 9.



Table 11Descriptive statistics — CO (measured exposure)pm

Season Location il R - School 51 -
N obs Mean SD Median Q1 Q3 N obs Mean SD Median Q1 Q3
Classroom A 2,007 1.02 1.1C 0.65 0.41 1.3C 1,85¢ 0.9C 0.5¢ 0.7C 0.5C 1.1
Classroom B/} 5 519 0.58 0.48 0.47 0.21 0.7¢ 1,861 0.49 0.57 002 0|47 1.39
Autumn Corridor*
Hall 2,00¢ 0.4: 0.1¢ 0.3¢ 0.31 0.51 1,692 0.5( 0.1€ 0.4¢ 0.3€ 0.62
Outdoors 1,96¢ 0.3¢ 0.0t 0.3¢ 0.3€ 0.4z 1,797 0.41 0.1C 0.37 0.3¢ 0.4t
Classroom A — — — — — — 2,02¢ 0.77 0.4C 0.67 0.51 0.8€
Classroom B /|
Winter Corridor* - - - - - - 1,943 0.78 0.45 0.75 0.39 1.08
Hall — — — — — — 1,591 0.3(C 0.0¢ 0.2¢ 0.24 0.3¢
Outdoors — — — — — — 1,78¢ 0.2¢ 0.0¢ 0.27 0.2z 0.3¢
Classroom A 2,01¢ 0.5z 0.17 0.4¢ 0.3¢€ 0.64 1,94( 0.67 0.4C 0.5E 0.3¢ 0.81
Classroom B/l ) g9, 0.22 0.22 0.15 0.04 0.3¢ 1,957 0.46 0.57 oh2 ol23 q.94
Summer [Corridor*
Hall 2,01¢ 0.3€ 0.0¢ 0.34 0.3C 0.4( 1,94¢ 0.4F 0.14 0.4z 0.37 0.4¢
Outdoors 2,00€ 0.2¢ 0.11 0.2t 0.2z 0.31 1,93t 0.4¢ 0.22 0.47 0.4C 0.57
Season Location School S2 . School S3 .
N obs Mean SD Median Q1 Q3 N obs Mean SD Median Q1 Q3
Classroom A 2,00t 0.4€ 0.0¢ 0.44 0.3¢€ 0.5 1,85¢ 0.7 0.2F 0.74 0.5¢ 0.9
Autumn Classroom B 2,00t 0.2¢ 0.1F 0.2t 0.1¢ 0.37 1,832 0.6¢ 0.21 0.6E 0.4¢ 0.81
Hall 2,00t 0.3¢ 0.0¢ 0.3¢ 0.32 0.4% 1,632 0.5t 0.24 0.5C 0.3¢ 0.71
Outdoors 2,00 0.4: 0.0¢€ 0.4z 0.3¢ 0.47 1,56( 0.47 0.2¢ 0.41 0.2€ 0.54
Classroom A 2,01¢ 0.62 0.1¢ 0.6C 0.5C 0.7% 1,91¢ 0.8¢ 0.2t 0.81 0.6¢ 1.11
Classroom B 2,01¢ 0.5¢ 0.31 0.52 0.34 0.7¢ 1,58( 1.0: 0.3C 1.02 0.84 1.28
Winter Hall 2,015 0.4¢€ 0.14 0.44 0.3t 0.5€ 1,87¢ 0.5¢ 0.17 0.5 0.44 0.6:
Outdoors 2,01¢ 0.47 0.0¢ 0.4¢ 0.3¢€ 0.5¢ 1,77¢ 0.47 0.1€ 0.41 0.3% 0.6(
Canteen 112 0.5¢ 0.1€ 0.6C 0.47 0.6¢ — — — — — —
Classroom A 2,02¢ 0.4€ 0.1C 0.44 0.3¢€ 0.54 1,98¢ 0.5¢ 0.1¢ 0.57 0.4¢€ 0.6€
Summer Classroom B 2,02% 0.31 0.17 0.2t 0.2C 0.32 2,00¢ 0.3¢ 0.1¢ 0.3¢ 0.24 0.5:
Hall 2,024 0.4C 0.11 0.37 0.3: 0.4¢ 1,96( 0.4¢€ 0.1z 0.4% 0.37 0.5Z
Outdoors 2,02% 0.5(C 0.17 0.47 0.42 0.5t 1,931 0.5(C 0.11 0.4€ 0.4% 0.52
Notes:

N obs — Number of valid observations.

Mean — Mean

SD - Standard deviation
Median — Median

Q1 — 2% percentile

Q3 — 79" percentile

* In School R exposure measurements were condirctede classroom only, as the school
had one composite class combining primary yearsd3a The second monitoring station
was placed in a corridor connecting several otesss.

No measurements were conducted in School Reinvinter round due to logistic
reasons.
¥ Measurements in Canteen in School S2 were coedircthe winter round only.

79



Table 12Descriptive statistics — NQ (measured exposure), ppb

Season | Location el el R - School S1 -
N obs Mean SD Median Q1 Q3 N obs Mean SD Median Q1 Q3
Classroom A 2,007 49.¢ 5.€ 50.C 46.C 53.C 1,85¢ 51.5 6.8 52.C 48.( 56.(
Classroom B / 2,010 44.4 5.0 45.0 41.9 48, 1,86{L 43|s 46 44.0 41.0 47.0
Autumn Corridor*
Hall 2,00¢ 46.1 4.€ 46.5 44.C 49.( 1,697 50.2 7.1 49.C 45.( 55.C
Outdoors 1,96¢ 56.¢ 4.€ 57.C 54.C 60.( 1,79¢ 66.7 6.5 67.C 62.( 71.C
Classroom A — — — — — — 2,02¢ 48.¢ 7.C 50.C 45.( 53.(
Classroom B /
winter | Corridor* - - - - - - 1,943 41.6 4.4 43.0 39.0 45,
Hall — — — — — — 1,592 46.4 5.4 45.C 43.C 51.C
Outdoors — — — — — — 1,78¢ 62.¢ 3.1 63.C 60.C 65.(
Classroom A 2,01¢ 46.1 6.C 46.C 42.C 50.C 1,94( 51.5 8.2 52.F 47.C 57.(
Classroom B / 2,018 455 6.6 45.0 410 50.( 1,95 439 6|4 43.0 4.0 48.0
Summer [Corridor*
Hall 2,017 48.5 4.¢ 48.C 45.C 52.C 1,94¢ 48.F 5.8 48.C 44.( 52.(
Outdoors 2,00€ 63.€ 6.C 64.C 60.C 67.C 1,941 63.4 6.€ 64.C 59.( 68.(
Season [Location School 52 - School 53 -
N obs Mean SD Median Q1 Q3 N obs Mean SD Median Q1 Q3
Classroom A 2,008 55.¢ 5.4 55.C 52.C 58.( 1,85¢ 47.€ 5.C 48.C 46.( 50.(
Autumn  |Classroom E 2,008 50.€ 5.¢ 49.C 47.C 54.C 1,832 43.C 4.8 43.C 41.C 45.(
Hall 2,00t 52.2 6.5 51.C 48.C 55.C 1,637 49,7 7.C 49.C 45.( 54.(
Outdoors 2,008 67.€ 7.4 66.C 63.C 71.C 1,56( 71.1 8.2 69.C 65.( 75.C
Classroom A 2,01¢ 51. 4.1 51.C 48.C 54.C 1,91¢ 54.1 5.1 55.C 52.C 57.C
Classroom E 2,01¢ 44.7 4.2 44.C 42.C 47.C 1,58( 39.5 6.4 40.C 35.( 44.%
Winter Hall 2,01¢ 48.€ 4.4 49.C 46.C 51.C 1,87¢ 52.¢ 8.2 52.C 48.( 57.C
Outdoors 2,01¢ 66.5 5.C 66.C 64.C 70.C 1,77¢ 71.€ 5.2 71.C 68.( 76.C
Canteent 112 59.1 10.€ 59.( 51.C 67.( — — — — — —
Classroom A 2,024 52.C 7.1 52.C 46.C 56.( 1,98° 51. 8.7 51.C 47.C 56.(
Summer |Classroom E 2,02¢ 45.( 6.€ 44.C 41.C 48.( 2,007 42.1 6.7 43.C 39.C 46.C
Hall 2,02¢ 56.1 5.¢ 56.C 52.C 61.C 1,961 53.1 6.4 52.C 49.( 57.(
Outdoors 2,024 70.2 7.8 72.C 65.C 76.C 1,931 69.° 6.C 70.C 65.( 74.C
Notes: Measurements in this table are exprdassgpb (rather than ppm).

N obs — Number of valid observations.

Mean — Mean

SD — Standard deviation
Median — Median

Q1 — 2% percentile
Q3 — 79" percentile

* In School R exposure measurements were conductede classroom only, as the school
had one composite class combining primary yearsd3a The second monitoring station
was placed in a corridor connecting several otesss.

No measurements were conducted in School Reinvinter round due to logistic
reasons.
t Measurements in Canteen in School S2 were coadlicthe winter round only.
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Table 13 Descriptive statistics — TVOC (measured prsure), ppm

Season Location School R School S1
N obs Mean SD Median Q1 Q3 N obs Mean SD Median Q1 Q3
Classroom A 2,01¢ 0.1¢ 0.0t 0.1¢ 0.1t 0.22 1,94( 0.11 0.1 0.0€ 0.0t 0.1Z2
Classroom B/ |, g 0.20 0.07 0.18 0.16 0.2 1,957 0.15 0.07 oh1 ol10 d.18
Summer |Corridor*
Hall 2,017 0.72 0.32 0.62 0.49 0.84% 1,94P 0.48 0.16 op2 0|17 d.38
Outdoors 2,006 0.18 0.24 0.10 0.04 0.1 1,941 0.46 0.6 007 0[04 d.30
Season Location School S2 : School S3 :
N obs Mean SD Median Q1 Q3 N obs Mean SD Median Q1 Q3
Classroom A 2,024 0.19 0.08 0.18 0.13 0.24 1,986 0.34 0.15 0.3 0]13 J.31
Summer Classroom B 2,023 0.32 0.06 0.32 0.27 0.3: 2,008 0.35 0.16 0.35 0]27 (.48
Hall 2,024 0.44 0.18 0.44 0.31 0.5 1,96p 0.48 0.11 0.5 0j19 .35
Qutdoors 2,024 0.6( 0.47 0.6C 0.11 1.0C 1,931 0.12 0.1¢ 0.0€ 0.02 0.12
Notes:

N obs — Number of valid observations.
Mean — Mean

SD - Standard deviation

Median — Median

Q1 — 29" percentile

Q3 — 79" percentile

Measurements of TVOC and HCHO concentrations takeimg the autumn and winter rounds of measuremeets discarded due to sensor calibration issues.

*In School R exposure measurements were condurctede classroom only, as the school had one coibepdass combining primary years 3 and 4. The sgcoonitoring station was
placed in a corridor connecting several classom
T Measurements in Canteen in School S2 were coadlircthe winter round only.



Table 14 Descriptive statistics — HCHO (measured ewsure), ppb

Season Location School R* : School S1 :
N obs Mean SD Median Q1 Q3 N obs Mean SD Median Q1 Q3
Classroom A 2,018 33.6 23.7 29.0 220 390 1,950 36.5 72.1 50 1.0 32.0
ClassroomB | 5 51 g 14.2 22.4 8.0 3p 1710 1,963 41.9 62.8 100 0|2 510
Summer | / Corridor*
Hall 2,016 24.2) 26.0 18.0 130 26.0 1,956 2/7.2 16.9 7.0 18.0 44.0
Outdoors 2,009 2.8 3.0 1.( 1.0 4.0 1,961 5.5 5.1 4.0 1.0 9.0
Season Location School S2 : School S3.
N obs Mean SD Median Q1 Q3 N obs Mean SD Median Q1 Q3
Classroom A 2,024 17.6 13.5 16.0 2.0 28,0 2,010 30.2 29.4 32.0 1.0 43.0
Summer Classroom B 2,024 18.8 12.4 21.0 7.0 29,0 2,013 2B.5 211 20.0 1.0 43.0
Hall 2,024 16.8 10.2 16.0 10,0 24,0 1,979 20.8 29.8 19.0 2.0 50.0
Outdoors 2,024 7.3 4.9 7.0 2.0 11,0 1,992 4.8 1.2 3.0 1.0 017.

Notes: Measurements in this table are exprassgpb (rather than ppm).
N obs — Number of valid observations.
Mean — Mean
SD - Standard deviation
Median — Median
Q1 — 29" percentile
Q3 — 79" percentile

Measurements of TVOC and HCHO concentrations takeimg the autumn and winter rounds of measuremeets discarded due to sensor calibration issues.

* In School R exposure measurements were condurctede classroom only, as the school had one coibepdass combining primary years 3 and 4. The s&coonitoring station was
placed in a corridor connecting several classeom
T Measurements in Canteen in School S2 were coadlircthe winter round only.
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Table 15Descriptive statistics — CQ (measured exposure), ppm

Season Location g BE - Egicel -
N obs Mean SD Median Q1 Q3 N obs Mean SD Median Q1 Q3
Classroom A 2,007 1,449 693 1,401 879 1,92 1,850 1,825 85 1,147 1,157 4592
Clas_sroom B/ 2,010 775 217 726 615 898 1,861 2,085 940 1,917 1,482 2,04
Autumn  |Corridor*
Hall 2,008 919 313 845 684 1,114 1,698 1,247 594 1,266 dos 1,769
Outdoors 1,968 395 23 389 379 405 1,79 44p 162 419 492 489
Classroom A — — — — — — 2,028 2,161 996 1,992 1,459 2,848
Classroom B / R
winter | Corridor* — — — - - - 1,943 2,425 1,178 2,309 1,434 3,31p
Hall — — — — — — 1,592 897 498 809 483 1,203
Outdoors — — — — — — 1,789 407 23 398 391 414
Classroom A 2,018 1,581 731 1,495 1,043 2,07% 1,940 1,141 9p5 d04 39 9134
Clas§room B/ 2,018 633 165 600 500 720 1,957 1,468 1,283 8p1 dq14 2,078
Summer |Corridor*
Hall 2,017 770 260 723 538 985 1,949 1,151 549 of7 8p7 1,319
Outdoors 2,001 395 17 389 384 399 1,94 43B 3L 439 408 445
Season Location S - Sl £2 -
N obs Mean SD Median Q1 Q3 N obs Mean SD Median Q1 Q3
Classroom A 2,005 993 262 999 809 1,159 1,858 3,414 940 3,343 2,960 4,p18
Autumn Classroom B 2,005 869 249 870 693 99( 1,832 3,088 1,117 3,2p1 2,270 3,p64
Hall 2,005 725 186 696 585 817 1,63 95b 340 848 647 1,427
Qutdoors 2,005 407 22 403 387 427 1,560 45 401 448 423 4p5
Classroom A 2,019 1,324 400 1,350 1,057 1,55 1,918 3,299 1,023 3,323 6724 4,032
Classroom B 2,019 1,488 600 1,354 1,089 1,716 1,590 3,754 1,181 3,687 0930 4,393
Winter Hall 2,018 971 300 899 774 1,13( 1,87p 1,193 374 1,167 do7 1,424
Qutdoors 2,019 417 31 426 406 438 1,77 41B 30 412 392 4B4
Canteen t 113 1,203 403 1,216 785 1,579 — — — — — —
Classroom A 2,024 767 357 638 521 874 1,98 1,830 1,227 1,636 q49 2,791
Summer Classroom B 2,021 792 241 745 594 975 2,00 1,850 1,175 1,563 459 2,802
Hall 2,024 671 243 602 500 774 1,961 73p 345 618 5p5 90
Outdoors 2,024 412 22 405 393 434 1,93 420 28 429 396 438
Notes:

N obs — Number of valid observations.

Mean — Mean

SD — Standard deviation
Median — Median

Q1 — 2% percentile

Q3 — 7% percentile

* In School R exposure measurements were condirctede classroom only, as the school
had one composite class combining primary yearsd3a The second monitoring station
was placed in a corridor connecting several otesss.

No measurements were conducted in School Reinvinter round due to logistic
reasons.
T Measurements in Canteen in School S2 were coadlicthe winter round only.
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Table 16 Descriptive statistics — PMs.s o(personal exposure), particles/L

School R* School S1
Season | Class : :
N obs Mean SD Median Q1 Q3 N obs Mean SD Median Q1 Q3
Autumn A 1,987 5,493 2,745 4,549 3,408 7,317 2,017 7,353 655,5 6,885 4,688 8,373
B — - - — - - 2,018 6,672 5,732 5,760 3,484 8,003
Wi A - — — — — — 1,967 7,436 5,255 5,829 4,690 8,314
nter g = - - - - - 1,065 | 6,993| b5419] 5081 4218 7,696
Summer A 2,017 4,858 1,700 4,917 3,508 5,924 1,9Y0 9,466 287,f 6,290 4,297 12,49p
B - — — — — — 2,017 9,122 7,035 6,220 4,427 12,155
Season | Class School S2 School S3
N obs Mean SD Median Q1 Q3 N obs Mean SD Median Q1 Q3
Auturmn A 1,952 5,602 3,604 4,619 3,984 5,584 1,889 7,838 833,y 7,008 5,628 9,164
B 2,010 5,593 3,376 4,759 4,112 5,826 2,007 8,819 4539 7,719 6,434 10,40y
Winter A 2,025 19,981 17,496 16,9( 6,468 27,790 1,691 7,8394,234 7,014 4,336 9,517
B 1,973 18,776 16,982 14,34 5,788 24,564 1,617 5,549 3,989 4,183 3,305 5,734
Summer A 1,966 6,003 5,395 3,991 2,73\ 6,551 2,002 6,263 803,8 5,582 3,320 7,985
B 2,024 5,660 4,736 4,149 2,879 6,629 2,003 5878 603,2 5,611 3,748 7,188
Notes:

N obs — Number of valid observations.
Mean — Mean
SD - Standard deviation
Median — Median

Q1 — 2% percentile
Q3 — 7% percentile

* In School R exposure measurements were condurctede classroom only and consequently personalexp of one class only was modelled (A).

No measurements were conducted in School Reinvinter round due to logistic reasons.
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Table 17 Descriptive statistics — C@personal exposure), ppm

N

w

Season | Class School R* School S1
N obs | Mean SD Median Q1 Q3 N obs | Mean SD Median Q1 Q3
Auturmn A 2,007 0.82 0.88 0.48 0.37 0.97 1,957 0.75 0(53 0|56 0.38 0.88
B — — — - — — 1,955 0.85 0.59 0.61 0.36 1.3
Winter A — — — - — — 1,909 0.68 0.43 0.59 0.41 0.8
B - - - - - - 1,875 0.67 0.44 0.59 0.30 0.9
Summer A 2,018 0.45 0.17 0.43 0.31 0.55 1,890 0.69 0(44 0|56 0.41 0.83
B — — — - - - 1,950 0.67 0.51 0.50 0.29 0.8
Season | Class School S2 School S3
N obs | Mean SD Median Q1 Q3 N obs | Mean SD Median Q1 Q3
Auturmn A 1,945 0.46 0.09 0.45 0.39 0.53 1,625 0.64 0}26 0|64 0.43 0.83
B 2,005 0.35 0.15 0.35 0.22 0.466 1,723 0.60 0(24 0|59 0.42 0.79
Winter A 2,019 0.60 0.17 0.57 0.48 0.71 1,872 0.78 0(30 073 0.55 1.05
B 1,974 0.59 0.27 0.54 0.38 0.77 1,367 0.81 0(34 0|84 0.50 1.06
Summer A 1,978 0.48 0.18 0.46 0.40 0.56 1,970 0.54 019 0|52 0.43 0.64
B 2,023 0.37 0.22 0.31 0.23 0.50 1,979 0.43 017 0/45 0.29 0.56
Notes:

N obs — Number of valid observations
Mean — Mean
SD - Standard deviation
Median — Median

Q1 — 2% percentile
Q3 — 7% percentile

*In School R exposure measurements were conductede classroom only and consequently personalsxp of one class only was modelled (A).

No measurements were conducted in School Reinvinter round due to logistic reasons.
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Table 18 Descriptive statistics — N@(personal exposure), ppb

School R* School S1
Season | Class o T Mean SD | Median | Q1 Q3 Nobs | Mean SD | Median | Q1 03
Auturmn A 2,007 51.6 5.6 51.0 48.0 55,0 1,957 55.3 8.3 55.0 0.0b 60.0
B — — — — — — 1,955 49.8 10.5 46.0 430 58.
Wi A — — — — — — 1,909 52.2 8.2 52.0 48,0 57,
Inter B - - - - - — | 1875 47. 9.0 45.0 420 50,
Summer A 2,018 51.7 9.0 50.0 45,0 58,0 1,802 54.0 9.5 55.0 9.04 60.0
B - - — — — — 1,952 49.7 9.3 48.0 430 56
School S2 School S3
Season | Class S T Mean SD | Median | O1 Q3 Nobs | Mean SD | Median | Q1 Q3
Auturmn A 1,945 57.9 7.0 56.0 53,0 63,0 1,65 51.0 10.9 49.0 45.0 55.0
B 2,005 54.5 8.5 52.0 48.0 61,0 1,7p3 48.8 11.6 45.0 42.0 52.0
Winter A 2,019 54.6 7.4 53.0 49,0 57,0 1,872 5(.0 10.4 57.0 53.0 62.0
B 1,974 50.2 9.4 47.0 44,0 53,0 1,367 48.6 14.3 45.2 39.0 56.0
Summer A 1,978 55.8 9.5 54.0 49,0 63,0 1,970 54.8 11.6 54.0 47.0 63.0
B 2,023 50.7 11.5 48.0 42,0 60.0 1,978 40.8 125 16.0 42.0 56.0
Notes: Measurements in this table are exprassgpb (rather than ppm).

N obs — Number of valid observations

Mean — Mean

SD - Standard deviation

Median — Median
Q1 — 29" percentile
Q3 — 79" percentile

*In School R exposure measurements were condurctede classroom only and consequently personalsxp of one class only was modelled (A).

No measurements were conducted in School Reinvinter round due to logistic reasons.

o
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Table 19 Descriptive statistics — TVOEpersonal exposure), ppm

*
Seecan | GEss School R : School S1 :
N obs Mean SD Median | Q1 Q3 N obs Mean SD Median | Q1 Q3
A 2,018 0.25 0.23 0.18 0.14 0.25 1,892 0.21 0.29 0.09 0.05 0.22
Summer
B — — — — — — 1,952 0.20 0.21 0.14 0.09 0.22
School S2 School S3
Season | Class = -
N obs Mean SD Median | Q1 Q3 N obs Mean SD Median | Q1 Q3
Summer A 1,978 0.27 0.26 0.20 0.13 0.30 1,97¢ 0.24 0.17 0.28 0.09 0.33
B 2,023 0.36 0.23 0.33 0.26 0.38 1,979 0.30 0.19 0.29 0.13 0.46
Notes:

N obs — Number of valid observations
Mean — Mean

SD - Standard deviation

Median — Median

Q1 — 29" percentile

Q3 - 7% percentile

Measurements of TVOC and HCHO concentrationsraluring the autumn and winter rounds of measunesweere discarded due to sensor calibration issues

*In School R exposure measurements were conductede classroom only and consequently personalsxp of one class only was modelled (A).

Table 20 Descriptive statistics — HCH@personal exposure), ppb

School R* School S1
Season | Class N obs Mean SD Median Q1 Q3 N obs Mean SD Median Q1 Q3
Summer A 2,018 26.7 26.5 25.0 6.0 32,0 1,904 40.7 14.9 11.0 1.0 315
B - — — — — — 1,960 40.7 63.9 11.0 2.0 41,0
School S2 School S3
Season | Class - b T Mean SD | Median | O1 Q3 Nobs | Mean SD | Median | Q1 03
Summer A 1,978 15.9 13.7 13.0 2.0 27,0 2,002 24.1 23.9 15.0 1.0 40.0
B 2,024 16.5 12.4 14.0 5.0 28,0 2,004 20.2 211 8.0 .01 400

Notes: Measurements in this table are expresspgh (rather than ppm).
See notes to Table 19.



Table 21 Descriptive statistics — C@(personal exposure), ppm

Sersan || s School R* : School S1 :
N obs Mean SD Median | Q1 Q3 N obs Mean SD Median | Q1 Q3
Autumn A 2,007 1,261 724 1,189 608 1,76) 1,957 1,534 956 2215 607 2,101
B — — — — — — 1,955 1,741 1,121 1,644 620 2,58
Winter A — — — — — — 1,909 2,050 1,183 1,961 1,207y 2,88
B - - - - - - 1,875 2,269 1,387 2,264 1,13y 3,45
Summer A 2,015 1,302 802 1,238 428 1,83y 1,892 1,332 1,177 63 8 493 1,619
B — — — — — — 1,952 1,521 1,373 916 488 2,20
School S2 School S3
Season | Class - s [Mean [SD Median | Q1 Q3 Nobs | Mean |SD Median | Q1 Q3
Auturmn A 1,945 985 362 1,028 772 1,197 1,625 2,695 1,910 752,9 1,327 3,793
B 2,005 885 340 894 657 1,050 1,723 2,364 1,412 2,3331,191 3,662
Winter A 2,019 1,261 504 1,356 914 1,578 1,872 2,517 1,436 5722 1,282 3,665
B 1,974 1,412 679 1,388 1,033 1,745 1,367 2,834 1,7922,974 1,187 4,232
Summer A 1,978 809 419 649 509 920 1,970 1,525 1,159 1,088 64 4 2,425
B 2,023 823 351 759 556 1,031 1,979 1,521 1,200 1,156461 2,198
Notes:

N obs — Number of valid observations

Mean — Mean
SD - Standard deviation

Median — Median
Q1 — 2% percentile
Q3 — 7% percentile

* In School R exposure measurements were condurctede classroom only and consequently personalexp of one class only was modelled (A).

No measurements were conducted in School Reinvinter round due to logistic reasons.
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Figure 2 PMys.50exposures (particles/L): measured indoors and persal, by school — autumn round of measurements.
Note: For legend see Figure 17. Clr-A and Clr-Braeasured exposures in classrooms A and B; PersdAars-B are modelled personal exposures foradassand B.
Outdoor exposures are shown separatdigure 5 due to differences in concentration raragad consequently larger Y-scale of the box glwtsutdoors exposures.
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Figure 3 PMys.50exposures (particles/L): measured indoors and persal, by school — winter round of measurements.
Note: For legend see Figure 17. Clr-A and Clr-Braeasured exposures in classrooms A and B; Persdars-B are modelled personal exposures foredassand B.
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Figure 4 PMys.50exposures (particles/L): measured indoors and persal, by school — summer round of measurements.
Note: For legend see Figure 17. Clr-A and Clr-Braeasured exposures in classrooms A and B; Persdars-B are modelled personal exposures foredassand B.
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Figure 5 PMys.50exposures measured outdoors (particles/L), by seaso

Note: For legend see Figure 17. Part D of the &gllustrates erroneously high outdoor winter measients in school S3 (excluded from the analysis).
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Figure 6 CO exposures (ppm), by school — autumn vod of measurements.
Note: For legend see Figure 17. Clr-A and Clr-Braeasured exposures in classrooms A and B; Persdars-B are modelled personal exposures foredassand B.
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Figure 7 CO exposures (ppm), by school — winter tomd of measurements.
Note: For legend see Figure 17. Clr-A and Clr-Braeasured exposures in classrooms A and B; Persdars-B are modelled personal exposures foredassand B.
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Figure 8 CO exposures (ppm), by school — summeruwod of measurements.

Note: For legend see Figure 17. Clr-A and Clr-Braeasured exposures in classrooms A and B; Persdars-B are modelled personal exposures foredassand B.
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Figure 9 NO, exposures (ppm), by school — autumn round of measments.
Note: For legend see Figure 17. Clr-A and Clr-Braeasured exposures in classrooms A and B; Persdars-B are modelled personal exposures foredassand B.
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Figure 10 NG, exposures (ppm), by school — winter round of measaments.
Note: For legend see Figure 17. Clr-A and Clr-Braeasured exposures in classrooms A and B; Persdars-B are modelled personal exposures foredassand B.
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Figure 11 NQ,exposures (ppm), by school — summer round of meagments.

Note: For legend see Figure 17. Clr-A and Clr-Braeasured exposures in classrooms A and B; Persdars-B are modelled personal exposures foredassand B.
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Figure 12 TVOC exposures (ppm), by school — summeound of measurements.

Note: For legend see Figure 17. Clr-A and Clr-Braeasured exposures in classrooms A and B; Persdars-B are modelled personal exposures foredassand B.
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Figure 13 HCHOexposures (ppm), by school — summer round of measaments.

Note: For legend seeFigure 17. Clr-A and Clr-Braeasured exposures in classrooms A and B; PergdAars-B are modelled personal exposures for dassed B.
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Figure 14 CQ, exposures (ppm), by school — autumn round of measments.

Note: For legend see Figure 17. ClIr-A and ClIr-8 mreasured exposures in classrooms A and B; Parsi/ers-B are modelled personal exposures fosedas and B.
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Figure 15 CQ,exposures (ppm), by school — winter round of measaments.
Note: For legend see Figure 17. Clr-A and Clr-Braeasured exposures in classrooms A and B; Persdars-B are modelled personal exposures foredassand B.
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Figure 16 CQ,exposures (ppm), by school — summer round of measments.

Note: For legend see Figure 17. Clr-A and Clr-Braeasured exposures in classrooms A and B; Persdars-B are modelled personal exposures foredassand B.
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Figure 17 Box Plots legend
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Schools:
R — Rural school;
S1, S2, S3 — Suburban schools.

Measured exposure:

ClIr-A — measured exposures in classrooms A
(in School R the measurements were conducted prdné classroom, as due to small size of
classes all Primary 3 and 4 children were locatezhie classroom);

CIr-B — measured exposures in classrooms B;

Hall — exposures measured in assembly / physicaiatbn hall;

Outdoor — exposure measured outdoors;

Corridor — exposure measured in a corridor conngaeveral classes with hall (in School R only);

Canteen — exposures measured in a canteen (in IS22hdothe winter round of measurements only).

Personal exposure:
Pers-A — modelled personal exposures of class A;
Pers-B — modelled personal exposures of class B.

Rounds of measurements:
Three rounds of measurements were conducted digetin autumn, winter and summer, however ScB8ool
was included in two rounds of measurements onliutan and summer), due to logistic reasons.

Measurements of TVOC and HCHO concentrations takeimg the autumn and winter rounds of
measurements were discarded due to sensor calibiatiues.
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Figure 18 Results of independent group T-test: Difrence between means of Personal and
Measured exposures (Class A and Classroom A), RMs, (particles/L)

Mean — mean difference (PE-ME)
Lower CL (Mean) — lower confidence limit of the nmea
Upper CL (Mean) — upper confidence limit of the mea
P-value - two-tailed probability. P-values wereccddited using Satterthwaite's method, as the twopg' (PE
and ME) variances proved to be unequal. P-valubslithexceed: = 0.05.
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Figure 19 Results of independent group T-test: Difrence between means of Personal and
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Figure 20 Results of independent group T-test: Difrence between means of Personal and
Measured exposures (Class A and Classroom A), N(ppb)

Mean — mean difference (PE-ME)

Lower CL (Mean) — lower confidence limit of the nmea

Upper CL (Mean) — upper confidence limit of the mea

P-value - two-tailed probability. P-values wereccddited using Satterthwaite's method, as the twopg' (PE
and ME) variances proved to be unequal. P-valubslithexceed: = 0.05.
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Figure 21 Results of independent group T-test: Difrence between means of Personal and
Measured exposures(Class A and Classroom A), TVO@pm)

Mean — mean difference (PE-ME)

Lower CL (Mean) — lower confidence limit of the nmea

Upper CL (Mean) — upper confidence limit of the mea

P-value - two-tailed probability. P-values wereccddited using Satterthwaite's method, as the twopg’ (PE
and ME) variances proved to be unequal. P-valubslithexceed: = 0.05.
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Figure 22 Results of independent group T-test: Difrence between means of Personal and

Measured exposures (Class A and Classroom A), HCH@pb)

Mean — mean difference (PE-ME)
Lower CL (Mean) — lower confidence limit of the nmea
Upper CL (Mean) — upper confidence limit of the mea

P-value - two-tailed probability. P-values wereccddited using Satterthwaite's method, as the twopg' (PE

and ME) variances proved to be unequal. P-valubslithexceed: = 0.05.
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Figure 23 Results of independent group T-test: Difrence between means of Personal and

Measured exposures (Class A and Classroom A), G(pm)

Mean — mean difference (PE-ME)
Lower CL (Mean) — lower confidence limit of the nmea
Upper CL (Mean) — upper confidence limit of the mea

P-value - two-tailed probability. P-values wereccddited using Satterthwaite's method, as the twopg’ (PE

and ME) variances proved to be unequal. P-valubslithexceed: = 0.05.
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Table 22 Results of independent group T-test: Oérence between means of Personal and
Measured exposures (Class A and Classroom A), by lhgant.

Mean — mean difference (PE-ME)
Lower CL (Mean) — lower confidence limit of the nmea
Upper CL (Mean) — upper confidence limit of the mea
P-value - two-tailed probability. P-values wereccddited using Satterthwaite's method, as the twopg' (PE
and ME) variances proved to be unequal. P-valubslithexceed: = 0.05.

Difference between means (PE-ME),

Difference between means (PE-ME),

a) particles/L b) ppm
_ Lower CL Upper CL . Lower CL Upper CL g
PM(0.5-5.0) | Schooll Mean (Mean) (Mean) P-value CcO Schooll Mean (Mean) (Mean) P-value
R -67) -233 94 0.424 R -0.211 -0.274 -0.14 <.001
Autumn S1 98] 711 1,244 <.001 Autumn S1 -0.14 -0.184 -0.114 <.00%
S2 337 15] 524  <.001 Sz 0.00: -0.009 0.00 0.263
S3 1,131 934 1,324 <.001 S3 -0.09 -0.114 -0.084 <.001
S1 1,127 864 1,391 <.001 S1 -0.091 -0.117 -0.064 <.001
Winter S2 2,38 1,471 3,294 <.00] Winter Sz -0.024 -0.034 -0.014 <.001
S3 1,044 809 1,287 <.00% S3 -0.104 -0.124 -0.08% <.00%
R -253 -354 -15¢Q  <.00] R -0.072 -0.083 -0.061 <.001
S1 1,044 630 1,459  <.003 S1 0.02 0.001 0.054 0.044
summer sy 63] 334 924 _<.00] summer sz 0.013 0.00§ 0.02 <.00]
S3 353 114 586  0.00: S3 -0.041 -0.059 -0.034 <.00]
Difference between means (PE-ME), Difference between means (PE-ME),
c) ppb d) ppm
Lower CL Upper CL . Lower CL Upper CL g
NO2 School Mean (Mean) (Mean) P-value COo2 Schoo! Mean (Mean) (Mean) P-value
R 1.9 1. 2.1 <.001 R -189 -237 -144 <.001
Autumn S1 3.9 3.3 4.3 <.001 Autumn S1 -29( -34¢ -233 <.00%
S2 2.2 1.9 29 <.00] S2 -8 -2§ 12 0.42
S3 3.4 2.9 3.9 <.001 S3 -719 -801] -63€ <.001
S1 3.3 2.9 3.9 <.001 S1 -11( -174 -42 0.00%
Winter S2 3.1 2.9 3.4 <.00] Winter S2 -64 -92) -35 <.001
S3 2.9 2.3 3.4 <.001 S3 -787 -86]] -703 <.001
R 5.6 5.1 6. <.001 R -279 -32¢ -237 <.00%
S1 2.5 1.9 3.1 <.001 S1 192 12§ 25¢ <.001
Summer I 34 34 44 <.00] summer  fsa 47 19 6 <.00]
S3 3.5 2.9 4.1 <.003 S3 -304 -379 -23( <.00]
Difference between means (PE-ME), Difference between means (PE-ME),
e) ppm f) ppb
TVOC School | Mean | LOWercL | UpperCL o oy HCHO | School| Mean | MOWerCL | UpperCL i o e
(Mean) (Mean) (Mean) (Mean)
R 0.06¢ 0.05¢ 0.07§  <.00] R -7.0 -8.9 -5.4 <.00]
S1 0.09¢ 0.084 0.114  <.00] S1 4.2 -0.9 8.§ 0.077
summer sy 0.084 0.07] 0.094 __<.00] summer sz 1.7 2.5 0.d _ <.00
S3 0.004 -0.00¢ 0.014  0.76¢ S3 -6.1] -7.4 -4.4 <.00]]
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Table 23

Results of linear regression: model PE ME

Coefficient of determination (F)

Season School
S PM(0.5-5.0) CcO NG HCHO TVOC CO,

R 0.82 0.54 0.38 — — 0.55
S1 0.22 0.49 0.27 - - 0.49

Autumn
S2 0.65 0.75 0.30 - — 0.43
S3 0.16 0.62 0.11 — — 0.24
S1 0.32 0.70 0.26 — — 0.56

Winter S2 0.49 0.61 0.15 - - 0.39
S3 0.31 0.45 0.09 - - 0.18
R 0.38 0.42 0.10 0.44 0.0017 0.47,
S1 0.60 0.54 0.39 0.85 0.19 0.32

Summer
S2 0.73 0.21 0.33 0.75 0.18 0.41
S3 0.46 0.47 0.15 0.47 0.51 0.40

Note:R?in bold exceed 0.5 (i.e. 50% of more of PE is aimgd by ME)
All results were statistically significant with g'0.0001, except for * p = 0.29.



Table 24 Percent change in coefficients of varian (CV %) between ME in Classroom A and PE for
Class A

Season School Pollutant
PMoss0 (6{0) NO, HCHO TVOC CO,
R 7% 1% -3% - - 209
S1 110% 16% 15% - - 34%
Autumn
S2 52% -4% 26% — - 39%
S3 36% 20% 104% — - 104%
S1 51% 22% 9% - - 25%
Winter | S2 34% 2% 71% — - 32%
S3 18% 37% 96% — - 84%
R 10% 16% 32% 41% 253% 33%
S1 27% 5% 9% -7% 15% 99
Summer
S2 20% 68% 25% 12% 126% 11%
S3 1% 20% 47% 2% 13% 13%

Notes: Table 24 presents percentage of changeeifficents of variation (CV) between measured expesn
Classroom A and modelled personal exposure of Glasgere ME in Class A is 100%.
Percentages in bold exceed 20%.

Figure 24 Percent change in coefficients of varian (CV %) between ME in Classroom A and PE for
Class A
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Notes: Figure 24 presents percentage of changeeifficents of variation (CV) between measured expes in
Classroom A and modelled personal exposures os@las
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Table 25 Number and percentage of returned questimaires with one, two and three or more answers ngng.

Total number of Health part - questionnaires with: Home environment part - questionnaires with: Socioeconomic status pa- questionnaires with:
School chilfrenwith | 1 missing answer| 2 missing answefs 3+ missing answgrs1 missing answer | 2 missing answers 3+ missing answdrs1 missing answer [ 2 missing answelfs 3+ missing answers
returtned Py
1 ) % of % of % of % of % of % of % of % of % of
questionnaires| Number returned Number returned Number returned Number returned Number returned Number returned Number returned Number returned Number returned
R 58 5 8.6% 0 0.0% 1 1.7% 8 | 13.8% 0 0.0% 1 1.7% 3 5.2% 8 13.8% 2 3.4%
Sl 54 4 7.4% 0 0.0% 2 3.7% 3 5.6% 1 1.9% 0 0.0% 6 11.1% 6 11.1% 3 5.6%
Sz 44 3 6.8% 1 2.3% 5 11.4% 14 | 31.8% 6 | 13.6% 5 11.4% 6 13.6% 4 9.1% 18 40.9%
S3 11 0 0.0% 0 0.0% 1 9.1% 1 9.1% 0 0.0% 1 9.1% 3| 27.3% 0 0.0% 1 9.1%
All schools 167 12 | 7.2% 1| 0.6% 9 5.4% 26 | 15.6% 7| 4.2% 7 4.2% 18 | 10.8% 18 | 10.8% 24 14.4%
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Figure 25 Propitiations of children with and without symptoms — symptoms ever (as % of total
number of returned questionnaires)
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Figure 26 Propitiations of children with and without symptoms — symptoms in the last 12
months (as % of total number of returned questionnaes)
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Figure 27 Mean modelled personal exposures of C# (means across seasons, by school)

12,000
mo.71 @ 10,634 1
10,000 506
CO mo.63 :
8,000 4 8,080
W 051 1
e @ 7,274
o
o
< 6000 — PM055.0
o
= @ 5,173
®©
o €
4,000 +— TVOC @.0.27
@025 @ 0.24
@®0.21 1
2,000 W2213 |
W 1,639 1
COz g1 081 1,020
NO2 A 0.052 A 0054 2 0.056 A 0.054
HCHO & 0027 0.041 0016 0.024
0 .
School R School S1 School S2 School S3

0.80
0.70
0.60
0.50
0.40 §
o
0.30
0.20

0.10

0.00

Table 26 Mean modelled personal exposures of Cladgwith standard deviations) — means
across seasons, by school

School R School S1 School S2 School S3
Pollutant Mean SD Mean SD Mean SD Mean SD

PMos5.0 5173| 2,301| 8,080 6,350 10,634| 12,781| 7,274| 4,030
(particles/L)
CO (ppm) 0.63 0.66 0.71 0.47 0.51 0.16| 0.65 0.27
NO; (ppb) 52 7 54 9 56 8 54 11
TVOC (ppm) 0.25 0.24 0.21 0.29 0.27 0.26| 0.24 0.17
HCHO (ppb) 27 26 41 75 16 14 24 24
CO, (ppm) 1,281 765 1,639 1,148 1,020 472 | 2,213 1,462

Note: In bold are the highest overall PE meangé&wh pollutant, out of the four school means.
Overall PE means were calculated from the modé&ediata from all available seasons of
measurements — 2 seasons for School R and 3 sdassobools S1, S2 and S3 (only measurements
taken during the occupied part of the day — 8:30%&0 — were considered).
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Table 27 Number and percent of cases when indooaily means (ME) exceeded guideline values

NO,>50ppb | CQ >1,500 ppm | CQ>3,500 ppm | HCHO > 0.04 ppm
Season | Schooli =y =, No. % No. % No. %
R 2 13 2 13 0 a - -
Autumn S1 6 40 11 73 0 0 - -
S2 10 67 0 0 0 a - -
S3 2 13 10 67 5 33 - -
S1 2 13 10 67 0 q - -
Winter S2 4 27 4 27 0 0 - -
S3 10 67 10 67 4 27 - -
R 4 27 3 20 0 q . 13
s S1 5 33 4 27 0 q 5 33
ummer- s, 8| 53 0 0 0 o 0 (
S3 6 40 7 47 0 q . 13

Notes: The total number of cases is 15 per scheos@ason — 3 indoor locations by 5 days of measme
Daily means are averages over the occupied péneaiay: 8:45 to 15:30.

NO, guideline is a 24-hour average (Health Canada).

CO, guideline of 1,500 ppm is a school day averageldBg Bulletin 101, UK).

CGO; guideline of 3,500 ppm is a 24-hour average (He@hnada).

HCHO is an 8-hour average (Health Canada).

Table 28 Number and percent of cases when PE daifyeans exceeded guideline values

NO2 >50 ppb | CO2> 1500 ppm CO2 > 3500 ppn HCHO (04 ppm
Season | Sehool—g ™o No. % No. % No. %
R 4 80 1 20 0 a - -
AUtUmn S1 8 80 6 60 0 q - -
S2 9 90 0 0 0 0 — -
S3 4 40 10 100 q d - -
S1 4 40 10 100 g a — -
Winter S2 8 80 2 20 0 0 - -
S3 7 70 9 90 0 0 — -
R 3 60 1 20 0 q @ (
Summer S1 6 60 3 30 0 0 5 5
S2 8 80 0 0 0 0 g d
S3 9 90 7 70 0 q 1 10

Notes: The total number of cases is 10 for sch8tlsS2 and S3 (2 classes by 5 days of measurear@hf for
School R (1 class by 5 days of measurement) pspgea

Daily means are averages over the occupied péneaiay: 8:45 to 15:30.

NO, guideline is a 24-hour average (Health Canada).

CO; guideline of 1,500 ppm is a school day averageldBwg Bulletin 101, UK).

CG, guideline of 3,500 ppm is a 24-hour average (He@hnada).

HCHO is an 8-hour average (Health Canada).
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Table 29 Numbers and percentages of indoors ME obations exceeding guideline values for
TVOC in the summer round of measurements

> 0.0652 ppm > 0.163 ppm
School Location Y/N No of' % Y/N No of. %
observations observations
NO 0 0 NO 653 32
Classroom A
YES 2,018 100 YES 1,366 68
2
R Corridor NO 0 0 NO 664 33
YES 2,018 100 YES 1,354 67
Hall NO 0 0 NO 0 0
YES 2,017 100 YES 2,017 1Qo
NO 1,001 52 NO 1,634 84
Classroom A K
YES 939 48| YES 306 16
S1 Classroom B NO 0 0 NO 1,361 7
YES 1,957 100 YES 596 30
Hall NO 0 0 NO 460 24
YES 1,949 100 YES 1,480 76
NO 138 7 NO 868 43
Classroom A -
YES 1,886 93 YES 1,156 57
S2 Classroom B NO 0 0 NO 0 0
YES 2,023 100 YES 2,028 1Qo
Hall NO 0 0 NO 50 2
YES 2,024 100 YES 1,974 98
Classroom A NO 338 17 NO 711 36
YES 1,647 83 YES 1,274 64
q
S3 | Classroom B NO 0 0 NO 379 19
YES 2,008 100 YES 1,620 g1
Hall NO 0 0 NO 255 13
YES 1,962 100 YES 1,707 g7

Notes:

NO - observations do not exceed the guideline yalue

YES - observations exceed the guideline value.

Only the measurements covering the occupied paheoflay (8:45 to 15:30) are presented.

TVOC maximum acceptable concentration guidelin@agiug/m® (0.0652 ppm) by the Finnish Society of IAQ
and Climate;

TVOC maximum acceptable concentration guidelinBafiug/m® (0.163 ppm) by the Australian National
Health and Medical Research Council.

Table 30 Numbers and percentages of PE observati®exceeding guideline values for TVOC in
the summer round of measurements

> 0.0652 ppm > 0.163 ppm
School Location Y/N No of_ % Y /N No of_ %
observations observations
R Class A NO 156 8 NO 665 33
YES 1,862 92 YES 1,358 67
NO 791 42 NO 1,19( 68
Class A
s1 YES 1,101 58 YES 702 37
NO 257 13 NO 1,094 56
Class B ]
YES 1,695 87 YES 857 44
NO 204 10 NO 798 4
Class A
S YES 1,774 90 YES 1,180 60
NO 127 6 NO 2272 11
Class B
YES 1,896 94 YES 1,801 89
NO 420 21 NO 798 41
Class A
s3 YES 1,550 79 YES 1,17 59
NO 228 12 NO 673 34
Class B -
YES 1,751 88 YES 1,306 6/6

Notes: See notes to Table 29.
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Appendix 1: Health and background questionnaire

SchoolAir

A Brunel University pilot study on
indoor air quality in schools and
asthmatic, respiratory and allergic
symptoms in children

schoolair@brunel.ac.uk
www.etcbrunel.co.uk/schoolair
fax: 01895 269 761

mob: 07717 818 797

Brunel

UNIVERSITY
WEST LONDON

Brunel University
Kingston Lane
Uxbridge

UB8 3PH

A. Basic guestionnaire

1. School class

Child’s first name Child’s surname

2. Home address (street,

postcode)

3. Date of Birth

4. Gender: FEMALE [ MALE [

5. Ethnicity of child:
Bangladeshi 0 Indian l
Black-African 0 Latin l
Black-Caribbean [ Pakistani l
Black-Other 0 White l
Chinese 0l Other / Mixed [
Don’'t know / prefer not to say l

B. Questionnaire on respiratory symptoms

6. Has your child ever had wheezing or whistling in the chest at any time in the past?

YES [/ NO [
IF YOU ANSWERED NO PLEASE GO TO QUESTION 12

7. Has your child had any wheezing or whistling in the chest in the last 12 months?

YES [ NO [
IF YOU ANSWERED NO PLEASE GO TO QUESTION 12

8. How many attacks of wheezing has your child had in the last 12 months?

None 0
1to3 []
4t012 []
More than 12 []
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9. In the last 12 months, how often, on average, has your child’s sleep been disturbed due to
wheezing?

Never woken up with wheezing []
Less that one night per week []
One or more nights per week []

10. In the last 12 months, has wheezing ever been severe enough to limit your child’s speech to
only one to two words at a time between the breaths?

YES [/ NO [

11. In the last 12 months, what has made your child’s wheezing worse? (Please tick all that apply)

Weather [ Wool clothing U
Pollen 0l Colds or flu U
Emotion  [] Cigarette smoke U
Fumes 0 Foods or drinks U
Dust U Soaps, sprays or detergents U
Pets U Other things (please list below) []

12. Has your child ever had asthma?

YES [ NO [

13. In the last 12 months, has your child used any medicines, pills, puffers or other medication for
wheezing or asthma?

YES [ NO [
14. In the last 12 months, has your child’s chest sounded wheezy during or after exercise?
YES [ NO [

15. In the last 12 months, has your child had a dry cough at night, apart from a cough associated
with a cold or chest infection?

YES [ NO [

16. In the last 12 months, how many times has your child been admitted to hospital because of
wheezing or asthma?

None 0]
Once 0]
2 times 0]
More than 2 0]

C. Questionnaire on nose problems
All questions are about problems which occur when your child DOES NOT have a cold or flu

17. Has your child ever had problems with sneezing, or a runny, or a blocked nose when they DID
NOT have a cold or flu?

YES [ NO [
IF YOU ANSWERED NO PLEASE GO TO QUESTION 22




18. In the last 12 months, has your child had any problems with sneezing, or a runny, or a blocked
nose when they DID NOT have a cold or flu?

YES [ NO [
IF YOU ANSWERED NO PLEASE GO TO QUESTION 22

19. In the last 12 months, has this problem been accompanied by itchy, watery eyes?

YES [ NO [

20. In which of the past 12 months did this nose problem occur? (Please tick all that apply)

January [ May U September []
February [ June U October U
March U July U November [
April U August [ December [

21. In the last 12 months, how much did these nose problems interfere with your child’s daily
activities?

Notatall [I  Alittle (] A moderate amount []  Alot [

22. Has your child ever had any hayfever?

YES [ NO [

D. General questionnaire

23. Does your child suffer from any other illnesses or diseases?
YES [ NO [
if YES please specify

24. If you answered “YES” to the previous question, does your child take any medication for this?
YES [ NO [
if YES please specify

25. Number of people at home

26. Is anyone smoking at home?
YES [ NO [
IF YOU ANSWERED NO PLEASE GO TO QUESTION 29

27. If you responded “YES” to the previous question, who smokes?

Mother [] Father [] Other [ How many people in all?

28. If anyone smokes at home, how many cigarettes per day do they usually smoke?
(Please put a number in appropriate boxes)

Mother DD Father DD Other 1 DD Other 2 DD Other 3 DD

(if “Other” please specify who)

29. Does any member of the immediate family have asthma?
YES [ NO [

if YES please specify who (mother, father, sister, brother, etc.)
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30.

31.

32.

33.

34.

35.

36.

37.

38.

Does any member of the immediate family have any allergies?

YES [ NO [

if YES please specify who (mother, father, sister, brother, etc.)

Do you have pets in the house? (Please tick all that apply)
Dog l Bird l
Cat L Others (please specify) [
Other furry animals ] No pets at home l
What type of flooring do you have in your child’s bedroom?
Carpet U
Wooden floor 0
Linoleum 0
Other (please specify) [

Which of the following do you use for heating? (Please tick all that apply)
Gas central heating U Fan heater U
Gas fires U Electric heater U
Paraffin heater (space heater) [ Other (please specify) [
Which of the following do you use for cooking? (Please tick all that apply)
Gas hob O Electric oven U
Electric hob [ Microwave oven U
Gas oven U] Other (please specify)  []

Are there any damp spots or visible moulds or fungus on the walls or ceiling in your home?
YES [ NO [

How would you describe surroundings of your home?

Urban with no parks or gardens l
Suburban, with few parks and gardens l
Suburban, with many parks and gardens [

Rural, open spaces and fields nearby l

On average, how many hours per day does your child usually spend outdoors?
On a week day (hours)

On a weekend day (hours)

What means of transport do you use more frequently to take your child to school?
(if you use several, please tick the one that takes longest per day)

Car U Train 0
Bus U Walking / Cycling [}
Underground [ Other U



39. For how long did the child’s parents / guardians attend school or professional training?

Mother / guardian Father / guardian
School years years
College / University years years

40. What is the occupation of child’s parents / guardians?

Mother / guardian

Father / guardian

41. Who has answered this questionnaire? Mother [ | Father [|  Other [
(if “Other” please specify)

42. When was the questionnaire answered? / /
Day / Month / Year

Thank you very much for completing this questionnaire!

Please return it to your child’s teacher in the env elope provided
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Appendix 2: Consent form and supplementary informat ion
sheets

Scho_o_lAir Brune|

asthaic, respiratory and allrgic UNIVERSITY

symptoms in children WEST LONDON
schoolair@brunel.ac.uk Brunel University
www.etcbrunel.co.uk/schoolair Klngsﬁ)nbl__gne
fax: 01895 269 761 Uégr}_}gﬁ

mob: 07717 818 797

Indoor air quality and respiratory health of children: a pilot study of primary
schools

Consent form

| agree for my child/children to take part in this research study and agree that my child/children
can participate in breath measurement tests*. | have discussed this with my child/children, who
is/are happy to take part. (A child-friendly information sheet is provided with this form.)

| understand that information will be collected on the health status of my child/children and some
information will be gathered about the parents/guardians. | understand that information collected
will be used only for the purpose of this research. | understand that the data will be reported in
aggregate form, and no individual information (names, address) will be reported or published. |
understand that if | wish | may withdraw at any time of the study. | have read the Research
Participant Information Sheet and have received satisfactory answers to any questions | have
about this research.

Signature of parent / guardian
Date

Name of child /
children

Date of birth of child /
children

*You can delete some of this sentence if you only want to participate in one part of the project.
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SchoolAir Brunel
fadoor i ualty n-schools and UNIVERSITY

asthmatic, respiratory and allergic WEST LONDON

symptoms in children
Brunel University

schoolair@brunel.ac.uk Kingston Lane
b | k/schoolai Uxbridge
www.etcbrunel.co.uk/schoolair UBS 3PH

fax: 01895 269 761
mob: 07717 818 797

You are being invited to take part in a research study. Before you decide, it is important for you to
understand why the research is being done and what it will involve. Please take time to read the
following information carefully and discuss it with others if you wish. Please ask us if there is
anything that is not clear or if you would like to get more information. Take time to decide whether
or not you wish to take part.

Indoor air quality and respiratory health of childr en: a pilot study of primary schools

Research Participant Information Sheet

The Institute for the Environment and the Experimental Techniques Centre at Brunel University are
conducting a study to look at the relationship between air quality in schools and occurrence of
respiratory and allergic symptoms of children of junior level.

Prevalence of respiratory and allergic diseases in children in the UK has been increasing in the
past two decades, and the issue is of great public health concern. Although it is not very clear what
causes asthma or allergic diseases, there are a number of environmental factors such as
particulate matter, gaseous pollutants, or allergens (pollen, dust mites) that may contribute to the
development of the disease, and these are commonly found in indoor environments. Children in
the UK spend about a third of their day indoors in schools, therefore we want to investigate the
school environments to get a better understanding of children’s total exposure to allergens.

The study is gathering information in three ways:
1. Measurements of air quality in classrooms, and throughout the school

2. Collection of information via questionnaires to par ents/guardians , asking about
asthma and allergic disease symptoms among their children, and some information about
relevant family background (such as smoking levels)

3. Simple measurements of child breath chemistry  : we shall ask each child to breathe
out into a tube so that this air can be analysed

The findings of the pilot study will be used to help improve understanding of air quality in the
schools, and inform the course of future research.

How will the project work in my child’s school?

This project will run from August 2009 to July 2010, thus covering the whole school year.

You will be sent a questionnaire to complete in September/October 2009 and throughout the year
there will be four one-week visits, during which the research team will be conducting
measurements in schools. You will be sent brief update questionnaires to coincide with these
measurement visits.

Children’s breath will be analysed at the beginning and end of the project, twice during the first visit
(Autumn 2009) and twice in the last week (Summer 2010). This will be done away from the
classroom by research team members who have undergone enhanced CRB checks.
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Who will see the information | provide?

All information which is collected about you and your child during the course of the research will be
kept strictly confidential to the research team and will not be disclosed to the school. Reports and
scientific publications may arise from this work. All data used in such reports will be in aggregate
form identifying trends in the data, no child names or addresses will be reported or published. It is
expected that this data will help develop a larger scale project. Except in the reported form, data
will not be retained for longer than ten years from the end of the study.

What happens if | don’'t want to take part?

As participation is entirely voluntary, it is up to you to decide whether or not to take part. If you do
decide to take part you will be given this information sheet to keep and be asked to sign a consent
form. If you decide to take part you are still free to withdraw at any time and without giving a
reason. Your decision to take part or not take part will not affect your child’s grades or treatment at
school.

How do | get more information?
There are details of the project on our website www.etcbrunel.co.uk/schoolair.htm

You can also contact the research team by e-mailing SchoolAir@brunel.ac.uk; or contact individual
SchoolAir team members directly:

Dr Ariana Zeka MD ScD, Principal Investigator, Institute for the Environment
ariana.zeka@brunel.ac.uk tel: 01895 267359 dept: 01895 266105 fax: 01895 269761

Dr Benjamin Jones PhD MIPEM CPhys, Principal Investigator, Experimental Techniques Centre
bj.jones@brunel.ac.uk tel: 01895 265409 dept: 01895 255793 fax: 01895 812544

Yulia Anopa BSc, MSc, MSc, Research Scientist, SchoolAir Project
yulia.anopa@brunel.ac.uk mob: 07717 818797

This project has been approved by the Research Ethics Committee at Brunel University, chaired by
David Anderson-Ford. If you have any issues that cannot be resolved by the research team, you
can contact the ethics committee directly:

David Anderson-Ford
Chair of Ethics Committee
Brunel University
Kingston Lane

Uxbridge

UB8 3PH

Thank you for taking the time to help with our research

Dr Benjamin Jones
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SchoolAir Brunel
Indoor air qualty 1 Sehools and UNIVERSITY
asthmatic, respiratory and allergic WEST LONDON

symptoms in children
Brunel University

schoolair@brunel.ac.uk Kingston Lane
tcbrunel.co.uk/schoolair Uxbridge
Www.etcorunel.Co.UK/s | UBS 3PH

fax: 01895 269 761
mob: 07717 818 797

INFORMATION FOR PUPILS

A group of scientists from Brunel University in London are
coming to school this year as part of a study into air and
I I i breathing. The team will measure the air while you work at
your usual lessons, and they will ask your parents some

questions about asthma and wheezing.

breathing

easily!

We would also like to ask some of you to help with this

work — pupils in year three will be asked to blow into a

special tube two times over a week as a way to measure
chemicals in breath. We would like people to help with this so that we know more about

why some children get asthma.

It is totally up to you whether or not you would like to take part, please talk to your parents
about this. If you have any questions, ask your parents to e-mail us at
SchoolAir@brunel.ac.uk, or talk to us in school.
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SchoolAir Brunel

A Brunel University pilot study on

indoor air quality in schools and U N IVE RS ITY

asthmatic, respiratory and allergic

symptoms in children WEST LONDON
) Brunel University
schoolair@brunel.ac.uk Kingston Lane
www.etcbrunel.co.uk/schoolair Uxbridge
fax: 01895 269 761 UB8 3PH

mob: 07717 818 797

Dear Parents / Guardians,

A Survey of Breathing and Nose Problems is aimed at obtaining certain range of data, such as
children’s age, wheezing or other respiratory symptoms, nose problems, home environments, etc.,
for our SchoolAir project. The data collected will be kept strictly confidential to the research team
and will not be disclosed to the school. Every question in the questionnaire is very useful for the

purpose of this research. However, if there is anything you do not wish to answer, please leave this
blank and continue to the next question.

The questions are grouped into four sections:

A. Basic questionnaire (contains questions such as name, school class, date of birth, gender of your
child, etc.)

B. Questionnaire on respiratory symptoms
Questionnaire on nose problems

D. General questionnaire (this section contains questions on other illnesses of the child, tobacco smoke
at home, questions on general home environment of the child, allergic and asthma issues in
immediate family members, and some general questions on the mother and the father / guardians of
the child)

Instructions to complete the questionnaire
There are three types of questions in this questionnaire:

1) Questions where you are asked to write your answers in the space provided:
For example.

School class : 3A

Child’s first name John Child’s surname Johnson

2) Questions that require you to tick your answer in a box. These questions may be classified into two
groups:

* Questions with one answer
For example, Has your child ever__ had asthma? YES [ NOM

* Questions with multiple answers, where you can tick as many boxes as apply:
For example, Do you have pets in the house? (Please tick all that apply)

Dog U Bird L]
Cat L] Others []
Other furry animals M
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3) Questions, where you require to tick a box and specify in the space provided:
For example, Does any member of the immediate family have any al  lergies?

ves Y  No O
if YES please specify who (mother, father, sister, brother, etc.) _mother and brother

Once you have filled in the questionnaire, please put it in the envelope provided, seal it
and return to your child’s teacher at school.

Please remember to sign the consent form!
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