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ABSTRACT

The aim of the study was to follow changes in allergens and airborne particles in the indoor
environment during the first year in a newly started school. The building is from the sixties
and was refurbished during the summer to be made suitable as a school. New internal walls
and some new flooring were installed, and walls and ceilings were redecorated. Most of the
furniture, textiles and lamps are new.

Samples for allergen determination were collected by sampling settled dust with a vacuum
cleaner. Airborne allergens were collected by a newly developed method involving an ioni-
sator. These samples were anlysed for content of cat and dog allergen. Generally the incoming
air was of good quality regarding particles and microorganisms. After about two months the
allergen levels had built up to levels between 1-6 pg/g dust, levels regarded as moderate risk
for sensitization. Airborne levels also quickly increased and varied depending on activity lev-
els.
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INTRODUCTION

The relative increase of allergies and other hyperreactivity diseases in the developed and de-
veloping parts of the world appear to be due to one or more environmental factors. Today
almost every third to fourth child has had ashma, allergic hay fever or atopic excema. Indoor
allergens such as house dust mites, furred pets and cockroaches seem to more often cause
asthma, while pollen allergens cause hay fever. This difference is probably due to the physical
dimensions of the particles, as pollen particles are relatively large and do not penetrate as low
into the bronchial tree as the indoor allergens. The sick-building syndrome (SBS) is a type of
’other hyperreactivity”” which is directly linked to the indoor environment. Changes in the
indoor climate such as in homes, day-care centres, schools and offices have been linked to
SBS, but have also been suspected as a contributing factor to the increase in atopic diseases.
There have been drastic changes in building construction methods and ventilation during re-
cent decades. Children born during the autumn, who therefore spend most of their first few
months indoors, are more often sensitized to indoor allergens than children born in the spring.
This indicates the importance of early exposure to indoor environmental factors. Furthermore,
there is a higher incidence of asthma in northern Sweden as compared to the south, which has
been thought to depend on factors in the indoor climate [1].

The quality of air is of utmost importance in relation to allergic airway diseases and SBS. The
concentration of allergenic, microbial, irritating, toxic and other compounds which can influ-
ence the airways is of interest. Inorganic gases like NO, and ozone and volatile organic com-
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pounds (VOC) can act like adjuvants-and;in combinatiqniwith-allergens, oan drastically: in-
crease the sensitization effeets. People who:are already 'sensitized .can sufferifromionset of*
symptoms by many irmtating and strong smelling.compounds. The presence of infectious: v:+*
agents is.als@-ofi interest singethese camfacilitate sensitization.s i of 5 ¢ o aies
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Indoer air; consists of eutdoor air, which;can be: contanmiatednhylpamcdesbfmbres and comi+:
pounds eriginating from filters, insulation andsettled dust on:its;waythroughithe transport 1 ..
system in the buildings. If the air is,dampthe resulting microbiological; growth &an further ' .:
pollute the air. Pollution in the room occurs from huindn aciivities such as cleahing;.cooking .
and keeping of pets. Besides those are contributions from smoking, fireplaces, materials from
building; and interior decoration and various types of hohsehold,apparatus., Patticulate matter
can settle. @n-allisurfaces-and can whirkup depending on the rate.ef activity in theroom: For.:
example,children playing in a school drastically!inorease the.dust concentration incthe:ain. .
The most important.spuste of bacteria it the indooriair is fromi people. .o e .. <

The aim of this:study was to follow the build-up.of indoor-ajlergens such-as;cat;aind dog atler-
genin'a newly:started school in the IJppsala region in Sweden. Samples fof allergen determie.
nation were-collected by sampling settled-dust with a vacuum c¢leaner;, and ajrborne particles -
by: usg of ‘an ionisers-Airsamples colleeted by airpumps on. speoial adserbents wereanalysed .
by analytical methods in a gas chromatograph and mass spectrometer to estimate the presence.
of specific volatile organic compounds (VOC). The outdoor and indoor air was analysed by
the CAMNEA method fos total bacteria and'fungj. Furthesmora, we studied: particles in: thesix
from ventilation‘intake ducts: by collection on-a filter electrode followed.by.analysis by scan-!:
mng electron m1croscopy Tonr L ri g b g o dor dosa s wn crithiros o LA )
s o e o jf'f visges mob b vl o oot LB ot aan
METHODS e el ETEL 10 l T i .’""11’:: noboen g asve ol piows e ey
Ao ular oo RRIIE YR T P Yoo o sutied cuewd alsilieong ar holin
Bacligrounﬁlz ‘Thg school is sitnated in a- wllage'm thclllepsala region; in »SwedennTherbulldw %
ingis-from1965:and was formerly-a home. for:elderly pepple: Thabuilding has.a basemem.tm'
under-its; whole, apea. Incthe swmmeriofi 1999:the building: was tetally renpyated to be madgri..;:
suitable as a school. These included subdivision of rooms, redecorating and mostly new lino-
leur, on the; floprs) Mast of the-intgrior dgaorations.sueh: as; fumiture; textilgs and lighting ') »
were:newlypurchaged.Some curtains and.mats werg: mqved from a former sehookibut:the - -,
curtains were cleangd befoge: fitting. ‘The. scheal isifor;children in grade 0-5, that is;between 69
10 years of age. The tuition is held in age-mixed groups and the children move a lot from one

work-station te anothervand»memkso work Aa'lqtuommats, onethgfloor.O 7wy ot
e b van ol s op BertE CACT ot DA moctes beby sd o e U8 i s Yy ok
Samples wer&mllectedfromtwoqla;ssropms, it e e sty ailgeeet st ad” T pende

e . Classroom 1 was smaller and housed 22:pupils for about 5. hiours a day;:ameng those pmnr
- pils 8422 (36%) had cats (totally 14’cats) an(i6/22 (27%)thdd: dogs (totalty 7 dogs) andi :
.o some haddath, i oo de Aol ag O S st aownts s ottw bonsiohoc
¢ Classroom 2)was larglex’hmihoused up to. 55 rpupllsmnd.sﬂafflovdrla.day for aboutDhoutk |
o wardays ameng those 12/551(22%) had cats/ (tatally 1.5 icats)and.10/551¢18%)had dogs (tov.

n tally-12;xdogs) and seme had bothu! o ionp . biceq ung, i A X0V Y i aou.w00 Y
(Co nomic T dd b snonder o nsonsie e wizs . omer cnsl s Losslog
Collection of allergen samples: Samples of settled dust were collected by use of a vacuum
cleaner fitteshwithi anextra filtenbag ﬁAllergen,conmdlfplc;:,1 USAMedecal AB, Sw,eden)rwhich
was inserted:into the yacuum cleaner:pipe. in area-pf 1. m* wasivacuum cleaned for'é min- -
utes, after which,the filtex bag was, \seale‘d in:aplastic bag andistorediat ~20°C until extraction::
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Airberne allergens were sampled using.an ioniser (Airpoint AB, Sweden). Ionisers)work by
sending out negative ions into the.airso that the particles become:charged. These negatively
charged particles are then-attracted to.a positively charged collector plate. The advantage of
this device is that it is quiet, very easyito handle and ¢ollects:particles below 0.50m in di-
ameter. The ioniser was fitted with a petri-dish as collector plate in order to capture allergenic
particles with.a céndudtive sprface of 47 mm indiameter (GP plastindustri, Gislaved, Sve-
den). The ioniser was placed-aboutI.5'metre above the floor'and a new petri-dish was fitted
to the ioniser.The samplingperiod was:24 hours dftet'whichi'the 'pbtn-dlsh was Covered: Wrth
a lid and:stored ati=20°C untilextracted [2]. G.. © 2woOv. ¢ oAl T
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Samples ofisettied dustiwerg:weighed:and 100img - dust was fextracted (1/20 w/v) ‘by rotating
mixing for Phodt room temperature-in phosphate ‘buffered: saline containing 0.05% Tween.
Samples were then centrifuged at 4 500:tpm for 15 min: The!supernatants were tritisfetred to
new test tubes and stored at —209C until analysed for the content of allergeit.- i - i

Extraction ofthe air:samples:was performed with.1.ml of phosphate buffered saline contain- i
ing:0.05% Tween:20:and 0.2% BSA (Bovine serumialbumin, Sigma, USA). Thepetri-dishes::
weré shaken on'h plate-mixer-fitted om:an IKA Minishaker (Tamro:Med-Lab, Sweden) for 2k
at toem temperature:Theisolution was transferred to a tube and stored: ffozen at —20°C until’«-
analyze'd WML L o LB ARSI NG T e SUES IR UTTTRRNTUATY ‘
I T PR o a0l TR TRV TIR EAON | e B iy RGO D byl < Ju 12
Measurement of allergen concentration by’ ELISA: The levels of Fel d 1'and Gan f 1 wére
determinéd byia two-site sandwith ELISA ésing monoclonal antibodies [3}. The dssays were
performed according to the protocols provided by the manufacturer (INDOOR: Biotechnolo-
gies Ltd, USA, Professor M Chapman). In the dog assay the horseradish peroxidase labelled
goat anti-rabbit Ig was purchased from DAKOPATTS, Sweden. The dust samples-were di-
luted in phosphate buffered saline containing 0.05% Tween 20 and 1% BSA in serial dilution
beginning with 1/5 dnd assayed in-duplicdte; The air samples were assayed undiluted ard'in
duplicates.:Allergen devels'in the settled dust.-were expressed as ng/g ofdust and those'in air -
samples-as pg calculated as the total amdum tecoverd durmg the:24 hour colllectloh time: - "
ey ennit hiny gniamico bt aeted 1o noe . ki vlosty o Tompioe v mlet S
Collectioh of air samples for.the analy'sis ‘'of volatile organic ‘compunds (V‘OC) and mi<
croorganismswas performed witha pottable Universal flow: sample pump'(Cat."No/ ,224_
PCXR8, SKC ., US Alywith a flow fate of about 0.4-0i6 Umm fof'4 hours, "o v« o
g Y om0t b sonce bt gaoe e L L HATRIETIE 7y P
For the collection of VOC sarhplEs! the ait' was phssed thfoughcarSpecial adsdrbent tubeé, Ana-
sorb 747 containing 210 mg of beaded carbon (SKC Inc, USA) fitted to the inlet tube of the
airpump. The total sampling volume was about 100¢1407itres of Hir:: A'fter collection the ad: ¢
sorbent materialrwag extraoted with 1 mlof dichlpfomethane (capillary GC grade suitable for
envitonmental analysis) Aldrich: 41475+ 1, - Sigma, USAY) by /$haking. for 30 min. Analysis'was
performed with a Hewlett Packard 5890 gas chromatograph equipped with aicapillary ¢blumn
DB=5 (60m- x{0.32 mm, film«tHicknéss;of iljun; J&W Scientifi¢, USA) connectedtoa HP -
5971 mass $pectrothieter detectar(used in the:SCAN mode!(Hewlett'Packard, USA): The total
VOC concentration (VOC with a boiling point ranging between 80-300 °C): was €xpresked in
toluene equivalents, using an external standard for toluene (Fluka 89677, Sigma, USA)
o s e s wed Bobsollon crawe e aliiee o 9@ e L s gneebids o s B0
Microorganisms it the air Were collectett: by pumpmg-an* through:a 25 mm>Nucl€op0ﬂe‘ fllteﬂ
cassette fitted to-anothen.inlet tube on: the:pump (Multimetrics Inc; USA). These cassettes -
contained sterile particlesfree polycarbonaté filters with 1-pore size'0f'0.4 vm'(BioHospital -+
AB, Sweden). The particles collected on the filters were analysed for total bacteria and fungi
according to the CAMNEA method [4].
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Investigation of airborne partjcles in the incoming ai¥was petforined by satnpling ‘At the
outlet duct in-the room. Airbdme particles:were collected-on’a'small eonduetive plastiefilter
electrode (Sempore AB, Sweden) fitted to a membrane vactum pump (Alitéd, Sweden) with a
flow rate of 1 I/min for 25 min. Particles down to 0.1 um in diameter can be collected. After
sampling the filter electrode was covered with a thin layer of condluctive material, namely' : -
gold, and_analysed by Scanning Electron Microscopy (SEM).The:SBMAvas equipped: with'an
EDS-system (Energy dispesive:x:ray spectrometry) making it poss1ble to'differentiaté be-! “1v
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Concentration of cat and dog allergen -
The concentration of cat and dog allergen present'ih the two ¢lassrooms beforethe stéitiof the
school term in August -99, during the:term and finally during the terriholiday in January 12!

2000 is presented in Fig 1a-d. The first column in each pair represents samples of settled dust

collected from a mat in the classroom and the second value\rbﬁnesenwthe total -azhowht of 1 ']
allerges, pnesent in the air sample coblected.bythe i ioniser 'duting 24: hours. In classroom 1

there was no mat present in the room untik Oct-99, therefommd\ug—‘)‘)
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 Figure/1 acd: Concentrations:of cat ¢ and dog’ éllle{‘gen in two Qlaéﬁ:qdﬁas
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Before start of term the levels of cat or dog allergen present Ifi thig reserigiflivasverysiow ahd
in the airborné samplesithey were undetevtabie: lDuhng tenmmhe’alieﬁgen CORGBhtHAtIONE! 17 ¢
gradually increasediboth iri the:settled dustanddn the @ir kamiples over tife.“Saplés‘col = ni
legted during the term holiday{Fan-99) showed undetectabledevelstof airborne cdt ‘atid dog 1154
allergen in.classnoom: 1,.whiere there wepsno pupilsiard leotisequently '#o' activity, dedpite the-
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fact that the allergen leyels in the dust were the same, as during scheoliterm. In contrast in
classroom 2, where there was leisure; time; actlwty during the:holiday, allergen levels in the ‘air
were as h;gh as during therschogl term..; s - s+ 10 oa. ot ot e o )
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Concentratlon of total VOC o SIS ey o oh Moemblpgha o
Samples for total VOC. determxnamon were collected in classroom 1 and are;preSented in Ta-
ble 1. Generally_ there,wasia redugtion in;the total VOC.concentration from start of school in
Aug-99 to Jan-00. This is in agreement with what can be expected, namely high levelsiof:
chemical emissions in the newly refurbished and redecorated school which declined with
time. In Dec-99 there was an increase of total VOC including the presence of twomew prod-
ucts, which were not present at the start, namely limonene and 1-metoxi-2-propanol. These
products are common in various cleaning products. This could indicate that a general cleaning
could, haye taken place at the end ef.schooliterm, which correlates. witha drastic:decrease in

allergen levels in the settled dust in the mat:in classroom:1 (Fig la-b). 1/ P QY
Pt Lo g Lol ) JERR LY IS TROS- VIV T 2 NETRNN T ) PN K
Table 1, Co_noemration.of:totalanOC;;a; | R Y PRRE TS SE L TV SR ET SN A R TY PR B
v 2ol L total-N QC 1. total VOC (out- | Himonene ¢ + i 1-metoxi-2-:
R I (0 . 0v {indoor) 1.« door).. o] it it propanol
Month 200 1, (pg/m3) Y (ngm?); o %Bul Lol G aion
Aug-99 310.0 5.9 + +
Sep-99 . |- 7Llo 7.4 N .
Oct-99 577 14.4 32
Dec-99 1938 || 16.2 37 41
Jan-00 15.7 e 6.5 .-y + (

pg/m’ — total area of VOC expressed as toluen eqmvalents
% - expressed as % of total area i e
- identifiable, < 1. 5% [Lakes .
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Concentration of alrboﬁne mlcroorganlsms o ok 1 :

The concentration of .total and viableairborne mlcroorgamms were studied in classroom 1
over time(Table 2) and compared with the outdoor air. Generally the quality of the indoor air
was good regarding microbial particles with less than 100 000 organisms/m’. Only in Aug-99
was the number;slightly increased.rendering the quality of air as quite good.These increased
values were also in comparison with the composmon in outdoor air. The number of microbes
are generally higher during the early aﬁtuﬁm because of increased growth and ploughjng ac-
tivities. This school is 31tuated next to a'farm with comfields.

(i'
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Table 2. Number of rnicroorganisms/m‘ in the indoor air. Ao
Month | Total fungi | - Viable fungi - | Total-bacteria | Viable bacteria
Aug-99 | 110x10° . 9 x10° "] 68x10° 1.7 x10°
.Sep-99 .. 15 x10° L 2 x10° o], 15%1070 @) 0,43 x10°
- Oct-99 16 x10° 0.15x10 16 x10° _ 0.15x10°
Dec-99 16 x10° <0.15 x10° 15 x10° 0.15 x10°
Jan-99 <21.x107 ., ).+, <0.2 x107,. i}, i -<21.x10% ¢ o] (<02 x1QT

SEM analysis of the incoming air ..., v 0 o o oo i o g

Samples were taken in Aug-99 and in Jan-00_ from the incoming air: sampled at theaoutlet duct
in the. ropm. A the start of, school term the incoming-air had several particles of. various or-" 1
ganic origin present as seen in Flg 2a.During term the size-of the class7 filters :were: changed.'
to.a larger size area resulting in, almostmo particles present.at-all.(Fiig 2b) resulting:in classifi-
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cation of the incoming air as very good. The improvement was most probably due to two
factors, the change in filter size and the fact that the ventilation system had been in use for
some time after refurbishing and the channels had been cleared from all building dust.

18um380kY 136E3 956‘?,-'"-.‘

Figure 2a. Incoming air at start of school term Figure 2b. Incoming air at 5 months after start

DISCUSSION

On the whole the quality of indoor air considering microorganisms and the presence of other
particles can be regarded as good. The concentration of VOC has also reduced to normal lev-
els after redecoration of the school before start of term. It is surprising, however, how tast the
cat and dog allergen levels built-up after start of this new school. Already in Oct-99 the con-
centrations of cat and dog allergen had reached above 1 pg/g dust and in Dec-99 levels were
over 5 pg/g dust. This rapid increase in allergen levels must depend on the pupils carrying
allergens on their clothes from their pets at home to school [S]. According to the guidelines
for allergen levels in the environment the presence of 1-8 pg/g dust is regarded as a moderate
risk factor for sensitization.

The measurement of allergens in the air showed that the levels vary depending on the rate of
activity in the classrooms, increasing during school term down below detection in classroom 1
during holiday when no pupils were present even though the reservoir levels were the same.
The majority of cat allergens are carried by particles less than 2.5 um in diameter. The size of
the particle plays an important role in allergic effects. First, it affects the rate of settling time
and the length of time the particle remains airborne, ie it takes six hours for a particle <2.5 um
to settle. Secondly, the particle size determines where the particle is deposited when inhaled
by the humans, that is smaller particles like cat and dog allergens may deposit into the alveoli.
Thus, those children allergic to cats and dogs may experience a rapid onset of asthmatic and
allergic symptoms in these classrooms where the air is disturbed by playing children.
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