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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 µg/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 N02 and ozone and volatile organic com-
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pounds (VOC) can act like adjuvants ,and/in combinationiwith,al:lie11gens, can drasti'cally1b11-
crease th�, sensitization '.effects; iBeople who 1are already ·sensiti!ied ;"an rsuffer1from1onset' o� ' 1 

sympt9ms hy ,many irnitating1and stnong,smeUing .compounds·."'Fhe· presence.of infectious}, 1r' 1· 
agent� is.als�•l'>f\inter,�t sin�·1thfS¢ can>fia'ciJiitate sensiti�ati@n:!'.Y ''.J. ,,, .·i :i : r Jl1, :1 , 

• \ ; , r i , , f I j;' J , ) ; '. ( ( 1 r) � J_; ! i 
Inda,or a�r1consists <:>f"(lutdoor air, wbichJoan be: contamitiatediby1pauticleis\>f�bH.�s, and conirn 
pound� Q.:t:iginat1ng1fr�m filters, insulation andcsettled·dus� ondts;wa�1thfoughtth� transport 1· ,, 

syswm in the Qµildj11,1gs.., If tl�e p.ir: is1 damp rth� result1i:tg microbi0fogio.al1 growth iCan fmthe1: ' 1 ,, : 
pollule the air. Pollution in Lhe room occurs from huinan.a�tivili¢SJ!Such"ll'.Scleaningi,1:cooking . 

and keeping of pets. Besides those are contributions from smoking, fireplaces, materials from 
building, a�<ii inte.riot ,decor�i<i>n. :aJJd vari�Pi}_ ty{ll!ls, of houscl,i<i>1<L apparatusJ Batticulate m<;itter 
can settle. �n :alli surfaces· and can w.hirl,lilp dependiqg( on· the mte�mJ f1.Ctivit¥ in the ;room.- For .i - , 
examplej :obildre.n1playing in:a school drasti"cally!inoJ!ease theidust cdncootrati©'n ilil':the1ain. .. 
The most importantsputtie of .:bacteria in the indo0.rrait is 1frOJfi p_eople: . .,. , 1 : '' ii 1 . , 

Th� <J.ilJl Qf,tbis;stµdy was to follow the buildr1111p.o.t'·indo<l>r'.a�forgens �uu:h'.aS1cat;arui dog aHer�, 
gli>l) iin' a :ne:wl y, s-ta�ed .scho.@Un· the ,Upps_ala 1region in Sweden. Samples fot aller,gan de.tettnin, 
nqt;i@n; were,collected by sampling1sett11.ed dtist with i'l'vacuum cileaner1,am.d ;a�rbom� particles 
by u�� oJ·wi ioni�J.\"Ai�s.amples coUe�t�il!>y airpurups on.speoiaJ. ad�beot& .we_r�nnalys.ed ,, ; 
by analytical methods in a gas chromatograph and mass spectrometer to estimate the )'.11.es�nce, 
of specific volatile organic compounds (VOC). The outdoor and indoor air was analysed by 
the CA'MNfilA m�tlwd fOJi t-Q,tal bacteria and•fung{. Furthe:li.mor�, w,e stJ,Idi.ed:l}�ii<illen ilil.the'l<l.il! 
from ventilation intake ducts: by: aollection •PU ra Jilter eletJr0d#Jollowed.hy,anal ysiS by1 i&can �·' 1 

ning.�lec;tron.IilliCroscopy. ·1 lL' ,JJJ,,,!fl 'iirJ /1 iY .. :' .. ',," '.i1J'.' 1J,, :(i c.,•J UI :r::h1r1· J, l/1ff!",11 . :XI 
· d i : ' �J�:I , ·  i ;ncl,.1 111 'jflj \\)��:-•,: ''.,1liJ !I il !tll;: !(1J.'1f�_,11 ·1u1.:-�:.1,1�i�({ .1 \ ?, I J  . D J  .. l ,�_,11� 

MErf;IJQDS ' ,,,11_, • . . lcJ .),/� •' I!'··;,·. :''1 r: 11 IJ'...�L '1H! �'.CV! 'jl J ·i1i!:·. iii 1 ii''':� 
:·iu� lJLi : I :'.J, -,�i }'.1 :_;1 F l1'J'; ' .! r �1111< !r�11:J �111[r,1. �':Jl iJd iJjHi!\jc�t11-tr1 :1r h�Lillt 

Ba<11\gJ;()pJMli 1 ThiJ s,choQl 1is ,sitµa��d in a, ¥ill<i.g�riu the i lJiPp.sala ireg�OIJ.; ilO; � wed�ni 1T�¢r buil<b· 1 
in� iisJr9m rl 96.$r:and :was forrnedbi"ca ,hom�_,for:oeld:�rl!Y peopJ� .. Th� 1buildin� :has ,a b.asemelil.t 1 u I 
underjffl :w:li\ol�, lN]ea .. lTh the-s.mnm�riof:l �991th_e_ tn*Udi:p,g.,was, tQ.t-all)(.r�:opN·;;1.tedJQ ,�e m,�r1; ,; ;'. 
suitable as a school. These included subdivision of rooms, redecorating and mostly new lino­
leuw, pn .��et fi�\\)l;S) M��t. �f thej,nt�rior d.t1cmratiqns .. $µ�b: &S;fJ.m1itur�Jl<i\Xtih�s AUd1ligh.ti�'.;11'.. 1 

were:,Ji!.ewlw.u1:.ch;�eQ.)(�01Il-e. .curliaW� i"l:n<il.mfltt� w�r�: mqved 1fJi!i>Jo'll'a fi<t>lllJ.l!l!f �ho.oh .buqpe , . ·, 

curtains were cle�µ�¢ ,�efc)iil�t {�\ting. );C'h¢�.�\;:�<il1 is1 if.o�1Gbildrein in 1gr,a<:f.e 0::$,, .th�t ,i�;:bgtw,��Jl,{)g 
10 years of age. The tuition is held in age-mixed groups and the children move a lot from one 
work�si�t�qn,�<i>, �nother;fll}d-fb�Yii�l�O-WiQlil\.�a1lqt;��JNmii\ts, (j)Aoth�rflo.or,{)-' ·,. 1 ;,,,: .1 :.: :i11, i 

,,,· '. ':)1, !) '1L r l/, .11 Lo1·:·1 ;t,'.r, ,·111! ")>l.:'.1 my!'i,,, il:/i1 ,u·lu .·:1r1 \.!.\_ -_!1.11, .ti' J .· lt'i 1i�. 
Sample� w,�ft:'.l:ffillect_tjdJrqm N'Q c;l�sriopms; ii. 1c!1; ,. If '.'Jll 1; !1; i ''.'Ii Lp f 1 i Ii'"': �,i1· ' ,I JI !JIJ' IL" 

•, - Classro�n1 �-1wa_s;smaller and ·housed ��1pttpils Jfot.abbutt&h:0uirs�a1 clay;;an1o:hg .those ptl:+o, 
rpils $/,22 (36ffiv)bad ca� (totally114!cilts) and:6L22 G27%)1had1dogs (tbtaU:y 7 dogs) and!:'.'' 

;d 'SQIB�hadt\mth r!11 !! !'J'il\'ii"I-"' dq1 ,;r,: . . r11cab ,,;� () , {'. i.JIC t'.)J;(j fj'o W'J( i :; riri'N t Jfl.·10h:1c; 
• Classroom LJWa$· larget.W1d;hansttd up t0i 5� ipupilsJan.d:stfafflm.iefli.day for. �bout�9lho.11t!.\' l 

,1a1 day:;· amcyrtg 1lhose,!2/55t(22Ph) Jiad cats' (totall)l l,D i�ts}iattdJl6l6551�l 8mi)ilia,d oogsi (toJ<, 
rJ �all;y:Jq.;.dog_sJ_ �nd $Ome !had: bothici '.!I, i�!JJ. i J; 1'1 q '\II! I, Jc; 1; rl IL N ' ):, ; '/ l Jl· ;11i JJ(;'.)'.J .. cl'.J '1Cl \/ 

I:,-,, Llil'.!_i: I ·,-. 1i LA 1H' :11: 11.!r11 "'i lru;.J!"!l'l,·. \;;r �'.Jf/S . .��rl<-: l : ,«Jw.!. . . dJil'-' '...·ll�JU]OJ 
Collection of allergen samples: Samples of settled dust were collected by use of a vacuum 
cle_anf;r:.ijtt1<,�hwitk1an1�tta,fiai�11 rbag '!Ulergtm .co11ttol plc.�1 U£AtMedecruAB f Sw.edep)><'.IMhith 
was iM�rt�d:_int0·:the.�acuUm.cleanenpipe.: �n �rea��f,l,m;� wa'81¥a0l:liumtlleane<il lfor1il min., ;;� 
ute� .• ·¥t�r,whic;:h,th!! filtey,Qag.w.&i;,.(sealcd1in•ajp:lasti�.bag,and1st�r.ed1atr20?C until ex.traotion�, 

�:,:r:i:1 i;ltl', :·1')J'_.11:rt i1J!;,, 1t�·1 Li-?.\/ . . l!li "':1r.·\u ;�·1·11:i-': ·: r! r 11<� lJJIJ�·1l�l.· !i�JI JllllHI �.irl'J' .\il�Ji,; ."J ;.�·. � 1/\ 
i )" : 'H'ilbm ,. '/:i: ;\'.-) ·II I '._,i1i;;·1n· "JJ; 
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AirbP.me,:allergens:were..s�m.pled using,an ioniser (A.irpoint.AB;:Sweden). Ioniser's>«lork by 
sending out negative.ions·into·the,aiNo that the particles·bec6me�charged. These:negatively 
charged particles are then �ttracted to._a ·positively char,ged collector plate. 'rhe adyttntage of 
this device is that it is quiet, veryr�asy1to handle an:d:�0Uects:;parti'0les below 05um in di­
ameter. The ioniser was fitted with a petri-dish as collector plate in order to capture allergenic 
particles 'with.a coodm:i'tiV.e.sµJ.1fiute1�f:47 ;ffim in ·diameter (GP plastindusfrr, Giislaved, BWe­
den). The ioniser wasrplac.ed1about·�.51nretreabove the :floor1and a Rew1petfr.1dish was fitted 
to the ioniser., :'.flie sampLirig 1peiiiod was :24 .hours, afterr which1 the �etri-diSJl:lJ.! was c0\rered' with 
a lid and:stmed1at!.:+20°Q: untit:extrttct�d [2]. u .. ·: ;·run" 1: >J J11: .. 1 • : ·i·; 1 

Samptes of. JSettletl dust:w€!f�:weiighedcand 1-00J mg ·dust waSi 1e:xitrii:cted (1120 w/v) !by rotating 
mixirigifof' 2h!dt room temperature·i111. phosphate 'bufforekl.1 saline containing 0;05%'ffween. 
Samples wet.re ith¢n centrifuged 1at 4 500: rpm for 15i mim TM! 'Snpernatants were:trfirtsfehed lo 
new test tubes and Stored) 1at -c1(}9a Until• an�diy-sed folf the COntent 'Of aJlergettJ ·;ii ,c ' ' i; '' I', 

Exti:'action o.1f 1the .air: samples::wasi performed w�ithi1l: ml of phosphate buffered salirie •contain� i 
ing.0:051% ;J;weell:'.lO:and,.0.2% BSA (BoV:ine·serum1albumin, Sigma, USA}. The•petriJdishe-s:: 
wenLshak,en on1af:JHttre�mixer:Jfitted on;anr IKA MiriiSh:a'ker (Tamiro�Med-Lab, ·Swedert)'fori]h: 
at toom temperature:·11f.he:isoliilrtion.was transferred td,a:tube and stored1fforert at-20°8· until'" 
analyzed."' u Jl• ,;1 i'J ·>, ·: : • •• ,·,� r.�.; .·: ;11u; 11cp.:_· 1J1•i"'· ·;! ,,.10 ;1,.111: .. ·.11•i:1· 1 

'b-:_i; ·!i· �·� ·'.': ·1,i1Ji il ·; )f1!·.; 1 '-··,rJ'. {_ ... I};.. •1:r_, .;,/ ::�!J'.,J !1J:':.>. 1"1 

.Memhn:tentellt:ofrallergen.J(!ontentration by�ELISAThe levels�Pel d 11and Gan f 1 were 
determined hyi a two-'site ·sandwi¢h ELISA using tnonoclortal antibodies [3]1.tillhe �ssays were 
performed according to the protocols provided by the manufacturer (INDOOR- Biotochnolo­
gies Ltd, USA, Professor M Chapman). In the dog assay the horseradish peroxidase labelled 
goat anti-rabbit lg was purchased from DAKOPATTS, Sweden. The dust samples" were a1� I 

luted in phosphate buffered saline containing 0.05% Tween 20 and 1 % BSA in serial dilution 
begil:ming with �1151 a'.n'd assayed irtrduplitdte:i The air· saniples were' assayed undiluted· artd'in 
dup��c:ates-.1Alle11gen 1teVel!;lin·the ·settletl dust.Were expressed' as: ng/g of1dust ·and thos�f'in air ; 

sam�les as pg calCutated· as· theitota11amdunt'retd�ti:i duri� the-J24 hour colliectie><n, time� . r' ': 
1L� • . ,,�) ( (.rJ[jl l1f1; !jf!i 1�·1u ��_1i0'Jl . r. c� t ·: :. , -r ·-1 0 jiOi<:, !p-L1 )'j) ·;l:Jl1; ·rl' �<J' !·; ,� ·) ·_1it1:Jju;: 

Collettl<llr :ot-ak Stiinple8 for ;the' artal�sis "Of volnttte orgartfo·:ct:bnpunds (VOO)'. and niiJ · 1: 
croorganisms ;�as pef.fo11med <with �a potrablO' UnNeitsaI 'fll'0"w, sample primp' {Cat.' No1·224.:.·: 
N:XR8,.SKC futr., USAl)IWith·a'flow;fateM abowt0.4-0l6 l/mi1Hdt4 holirsY'!) '.:i ; ,. '.'! 'T) 

.1: J • · • \ 1.. / 1 • r 11 1 � ·fl h ! i • { --J :j ( � j �Jr 1 J.; .·, r ! .u' 1 � h:.... : ; i · � 1 ! , r i · L·: -..·; 1 � J) · ! ! i 1 �·; J : :.. 1 • 

For the collection of VOC sarhplbst the laifiw::rs; passed throlighal rspecial adsotJbent 'tube', 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 HJO.i140:1itres'tif air;.!Nftet"<:�oUectiori tne·ntli.;(, 
sorb�nt mate,rial iwas: extt"aolled 'W"ivh '1' 1ml (� diohlpfomethane {capilHtr�I GC grade suitable for 
envitonmental 'an;ai1ysis� :A;ldrioh: 411)'/4'151-fSSigma,1 USA[) by I shaking,, for 30 iniri. · Airnlysfa ·was 
perlormed with a Hewlett Packard 5890 gas chromatograph equipped with aicapillaty eblumn 
DB!-!5 (60mxl0:32 mril,1film1tliiWiess;ofilpu�n;:J&WScientificvUSA) connec'teatw a HP 
597.1 ID!is's spe'ctroitiei'ter.detcittm(useiil iilil tlie;SG:AN: rrtodet(Hewleft'Packardl, U&A�; The' t:etal 
voe concentration (VOC with a boiling point ranging betwden go .. 300 °C);was expressed in 
toluene equivalents, using an external standard for toluene (Fluka 89677, Sigma, USA). 

ii ·U ;1· I:; I<. : ... ii ·I.' i :i'.lhJJ!o'..> "!'.Ji/ I !!!, !1·1111'.•;, l:i, :;I ;'i·L , ; . !(�1!11:, 'l''t••·,.,t,J; ,,• • : : 
Mic'rnorganisms fo the air,W.ere c.oll�t�tllbY, pumpjngiait throu:gtiii·a..2.�hnm> Nucteopoile'filtei.J · .. 

cassette fitte'd .t:�raru>t.lmn:iimlettube oo: the:pump �Mul·timetrics •In�; l!JSA'.�. :These :Cassettes · ;, .: 
contained 'Sterile patticle�free pol'yaarb'ona1i0-.fi�teisr1wifH1�;pore· 1size iof10:4 tim' (BfoHos'pital · · · 

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 airhorne1partpdes in.the incoming ait:was Pcilfcrtirled by sarhpling rat 'the. 
o,utlet duct iwithe room. Airbom.e'..plrutii<tles! w�re ·collected'tjtl'<\'.small �Ol'l&'tti ve •plasti�ffilter' 
electrode (Sempore AB, Sweden) fitted to a membrane>Y0G'l!lumtmmfi\A:lttie�, Swe'den)iW1th a 
flow rate of 1 l/min for 25 min. Particles down to 0.1 µm in diameter can be collected. After 
sampling the filter electrode was covered with a thin layer of con�ii'cfiie :rtuiterial, l'lamely1• ,· • 

gold, a,nd_analysed by Scanning Electroo Micr-0scopy1€SEM)1(1J'herSEM:.was �quipped'.with.1�m 
EDS�system{Energy dispesive1 ro;ray spectrometry} making it 'p0ssible' tcVdiffetentiate be_! ':' i ( 1 

twccn1ot1ganicap.d inorganic particlcsJrl11t,JJJ; '1J•'Jl•IJ'_.t: .• .ri ·:,.ir l ' '' ii.' 'J(; · 

_, , , .,,,_ •'.i' . .:J'jr•· 1;1r, :•'., �trh /I ·r 'I i!' : : · rl1 r:· �. · ·"" ir, rn· 
RESlJLTS 1., ·!· ••n · 11i:J:; 101 'lu ;,:JI' ' .:r; ?.J,V' ::n:>rll i!�;-.J'' r:. •1. · 

'··' ( ii 

,eoncentratkm.of catanddogallergen ,,, q,, " :.n i'.111wu:•: : cro:;1rn i · • "' 

The concematioJll'. of icat and d©g allergen. prese111.t lib OI�·tWO blassroomSlb'd©rt9th� stffi'tlof�e 
school term in August -99, duririg the: term and finall� during the t�rrii�hdlida)i ih'Ja'duar)fn! • · 

2000 is presented in Fig la-d. The first column in each pair represents samples of settled dust 
collected fro1Il a n:_:iat in the chtssroom and the seconqvaltie�rep11�sen�s�th�it()!l!l}i�o_Mht of•.Ji;·11 
ailer.gettpoW600t in the1aiu sample cmlected.bylthe io�iser'dliting 'biihourS. In classroom 1 
there .was �o mat present in the room untihOct-99, therefor.�ti.n·�ug-99 tl'Je value represents a 
sample taken from the linoleum floor an l�,Sep-99 it wa ri0ll'clet�rmind:i. , .. _n .i: --- ---- - - - - - -- -

o.0i��.--· ·1 -- ��.;; 
� Qd all� in 089IOCITI i l . • 

1CXXD 
,i-------- 1orgg11.st � . e:x:o 

e:ro 

40.X) 

1P.;JJnAir 
J I ' 

I u 
_ _.___ __ 

,�, H � ,1JC/tc-==='-r'-'--==o-= 

"· 

,,-,·.1· 1 '1l1i<.1:1'ii� ;i� : @:t.00 ioog:jf:J:n.00 
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Before start of term the levels of cat or dog allergen present 111 tne\���fVditl"Was<ve'fjrJJ:6w:afr� 
in the airborne sampl�sr:they. w�re. unootetrtablei:1Dtiri11tt�mll!litfaH1Wgen· cbitd�:htttiti'6ri8' 1 q ;ri; .l 

gradually itlcreasediboth iri the1settled dustraudrh1. the rufi&a)'nlples:o.Y�r fifile.�1satM'ples(coP1• ·. n� 
1�9t� during the term holidlayr(J an-99) showed unde.ne'dtaWe':'fovelstt>f·airbome"t•at 'ahd dO� fl H;�. 
all¢rg�n .in .das�moom. l,,wmerei lllhet"e rwere• no i]b�ilsr atfd tebmiequi!rttl y 1:tto· a.otiVity, de8pite the1' 
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fact that the al�ergen le)f�l.sjn,the dµstwere the.same, as during sobeofaetm. In oontrast in 
cla�sroqm 2i, 1wher�t)),er<:;1 w,:;is,leisure:time1acti\licy .. during theholiday\ allergerriteiVels in theiair 
wer�as hj.gh.as dut;i�g�t})e,-sch�l,te.rm.�·;ri;•,::·: 1:0 'l'.l '1,· ' / ,r ·  '{' �;11 • 

, :J' : ' :J.� �,:l n;;�, i' .. J;; r1i L.i.L\ i _,· ('.!; ())J ,_•! . .  lri.i'i \·,.. •1 �r -'l' 
Conce_ntration.of,total:VOG. -J '. ( 1. : ,; : • / :;i· .r:�'�'" !·: 1 ·"·; .. 
S�:rp,.ples for tota_l VQC.g�te..t:m�mrtliQ!l,were.collecte.d [n classroom 1 and are;preliented in Ta� 
ble 1. ,Generally.�her¢,w_;is;� redu�tion·inrthe total VO�.concentrati<i>Q from start of sohpol.in 
Aug-99 to Jan-00. This is in agreement with what can be expected, namely high lev,e-lsJof:..i 
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 two;new prod­
ucts, which were not present at the start, namely limonene and 1-metoxi-2-propanol. These 
products are common in various cleaning products. Tbis oould jndicate that a general cleal'ling 
co_ulp,}].�ye taken p@�e iatJ:h� end 0£,scho.olite.rm, which correlates;with ·a drastic;decrease in' 
allerge.n1le.vels in .th�. settled dust in the mat:in blassroomrl (Fig la-b): !I�·:; . 1:.'� 

J.-:. l·· " · ,' �.);.,.Ji., :cl. r ·r;- ·:i .'J;: .'ll 1;' 11. I _JI 1_, );,1_,, _,, ' ; :;·,\-!: 
Table 1, ConQe�ltrationtoftotaLNDG,1; i ,.,� - i·uL - .. r· : -; ' '!Ji, ·; �1 , ; ''"" -'J -,,f,;:J .. 
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Concentration:of ai�boEne microorganisms: ,_ � -· , . 1 

The conc�ntration of Jotal anq viable 1aifbome microorgaqims �ere stu9ied in _class.room 1 
over time(Table 2) and compared with the outdoor air. Generally the quality of the-indoor air 
was good reg�ding microbial particles with Jess than 100 000 organisms/m3. Only in Aug-99 
was the numbei;,:sligb,tly i:q.Gre�edrendering the quality of air as quite good,.,'f.hese increased 
values were als? in com�arison with th� f P?1position in �utdoor air. The number of m��f-�bes1 
are generally higher dunng the early autufun because of mcreased growth and plougb'ing ac-
tivities. This school is situated next to' a'1fMih with cornfields. · � 

·� Jr,:_ 
T bl 2 N b f . a e ·um er o rrucroorgamsms m· mt e 1n oor air. • 
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Total fungi I ,. 

Aug-99 • _'110 x lOj .. 

: Sep-,99 t15 x;l()c1, . r1 i' .. \' , . 

. Oct-99 16 xlOj 
Dec-99 16 xlO:i 
Jan-99 <ZL<XJO�.; ·- · 

.. 

. Yiable fungi i' Tf otalba:cteria 
9 xlOj 

" 
2 xlO" 
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' . . j 
"": u·L 

: ':: <0,4 ,xlO�;:, L 11; i 

'68!x10j:: 
· :1Sx10� 'J r, ' 
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0.15 xlOJ 

f•l <0;2r !x:lO'lcr 
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Sample�,(WHJ'� t.µcen-,in 4,ug-9,9;a1;10 ·in:Jan,OO�fromthe incoming1air:sampled·at thecoutlerc;hict' 
in the. room.: .Af .fue. §��rt pf,sch,o:ol term th� incoming.air had several particles ofvmious1 or-' 1 '· 

ganicp_r�gip pi:e�,ent as, seen �n �ig 2a.; iDJ.uing t�rm the site-of. the 1dlass7 filters1we11e>ohaB.igeaJ1 
to. a largtr.r size �rel! re��lt;h1g iDl 11lmos:t1no part�oles present;atrML(Filg,2b) resultimg:in c1lassifi� 



346 Exposure, human responses and building investigations 

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. 

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 fast 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 µg/g dust and in Dec-99 levels were 
over 5 µg/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 [5]. According to the guidelines 
for allergen levels in the environment the presence of 1-8 µgig 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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