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ABSTRACT 

The association of moisture damages of school buildings with microbial indoor air quality 
and health status of school children was studied. To determine the association the school 
buildings (N=32) were divided into the moisture damaged (index) and non-damaged 
(reference) schools according to technical inspection data. Children's health surveys were 
made by questionnaires. Microbes were determined from indoor air of school buildings using 
a six-stage impactor. Children in the index schools reported more respiratory symptoms 
compared to children in the reference schools. No significant differences in total 
concentrations of airborne viable fungi between the damaged and non-damaged schools could 
be shown. However, some differences in microbial flora were found. 
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INTRODUCTION 

Moisture damages and indoor air quality are a concern of schools [l,2]. Moisture damages are 
a risk factor for health implications [3, 4], and the health status of school children requires 
special surveying. However, the exposing agents are still unclear. Indoor air counts of 
microbes and fungal flora of school buildings have been reported in a few studies, but their 
association to moisture damages or occupants' symptoms has not been shown. 

The purpose of this study was to determine whether the health status of children and microbial 
quality of indoor air in schools with visible moisture and mold problems differ from those in 
non-damaged schools. The school buildings were classified as moisture damaged (index) 
schools or non-damaged (reference) schools according to technical inspection data from the 
buildings. 

MATERIALS AND METHODS 

Technical investigations and microbial sampling were performed in 32 school buildings 
during years 1994-1999. Health data were collected in 30 schools. The schools are located in 
central Finland representing typical school buildings of various sizes, construction styles and 
building materials. The schools were either primary or secondary sshools. Area of the schools 
varied from 380 m2 to 10 900 m2 and the number of pupils from 12 to 700. Total number of 
pupils was 4365. 
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Building inspection 

All the buildings were thoroughly inspected for visible signs of moisture by a trairi�d &hiiding 
engineer . SlJfV.�y_ip.g was {Ilade accprd41g_ t9 a checklist fo.r v:iri��� tY,RF.S. of �oistl!-re sign� .. 

LU-face JUOis.ture.re,c�q, p�rs :f:�!�:pse�. Type and ob�_i9u� }"e�1�?� ��� �� 'tt'���� ��r� , 1', J • , , ; record 9.1 "'llJ , pos 1b � \h.�.,ll)�,P.ect1on rocedur� �,,1th� a�,. or 1e�1s on 6't th� ?r� g-e '�. ·. 

deg1;� ha.v,e b�"°'·l t'leveloped .earlier [5 1 .. Based ori m.o'sture obse1:vations, che buildit1�sr'We're 
" • • l"j'- ' f:". I I lo I� ft I Jl1lfi' I' ' ' ' ' J lil'J ·1 ! 1 1 • rl ' 

classified into wi;>isture damagec;i sch'o ls hat are ca.I ed index schools (n;;: 24) aria non-· ' · 1 " 
damaged cho�1� or rer����c�· �clioois ·d;,, sf Ar��s an ct thg 'se�erity of the1 a'a'magg, ··and 'th · v 
size of the building were taken into account, when estimating the classificat.ion �f the 
buildings. This classification was used in the analysis of microbial and n'�iiiif(Jaia. · :1''' ';;· • rw 1 
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'Airborne microbes were determined by using a six-stage impactor (Andersen 10-800) [8] in 
!different rooms, i.e1 clnssrQoms, corridors and gyrp� .. Media used were 2% malt extract ag� ., , . i ' 
1 (MEA) and dichlora� glycerol agar (DO 18) for fungi. antl tryptone glucose yeast agar ('FGY�l ; I 
1for bacteria and the sample were incubated and analyzed as described before [2,9f 1Safflplds-:) I 1 (N=224) were taken during winter months when the ground was covered by snow and during , 
1 school days when the bujJdings were occupied. Samplipg times were from 7 to 15 minut�s ':';< i ; 
and detection limit varieif from <2 to <5 cfu/m3 depen�i'ng on the sampling time. i' · f' 
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I The association betwe�n the symptoms and moisture :J�ages in the index or reference i\'\' 

1 schools was tested with logistic regression. The concentrations of airborne microbes were not 
! normally_distribu�R>a11� pormal djstributi�n cR.�W�o! ?� o�tained by transfor�ations:Noii � :: 
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The r���oiis� . rate Jfg;;k�9il\i· .�u�tf ir'a'� si%. O�(of 4365 'childreni3687-'came�trdm the 
inde;x. ��hpol �rAO:<f 918Jro��%e .1i:���ren69 'schools. No differeifc:e�-in the' �tev'alence 'of self 
repoJ)li�cf.�H�r,aj"H��Y''.�ie '(�qn� � '.�!��?r�B.1?5?t:P�f- �g ir1?e� �cho'�1 1 ��pdrtep 1inar8 itoctu�¥tt· • 
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The ranges and geometric means of total concentrations of airborne microbes are presented in 
Table 1. Differences between the index and reference schools were not statisticfill§1signifitaiit. 
W�YP.,!Sq��Pfll;��9.R11·�P:�P,d��?, .fr�<:l4encies o� t?i�� cm;icentra�io�s _i�. f()�r ca����rie� . . . 1 ., 

(classifi��,��.$.?�dl�R� �cr.g<r�7ff!J� 7;� �f.120, .751 ••• ��.���.;�9) no s�tt�t��_i;tl d1f�et0
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Table 1'. ·' iThe �����s "(R) -�n:d .N/�din�tri.8 meaN�( (<Thi) (<if tcitfil' conc'i�ntta�fon 0 airborne fungi':) 
and bacteria and th'e ri�ge; fr�a 'ge6hi�li-it'. llieatls'..'lof
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The most common fungal genera in the school buildings were Penicillium, yeasts, 
Cladosporium and Aspergillus. Penicillium, Aspergillus and yeasts were found more often in 
the index schools, but the differences were not statistically significant. Neither were the 
concentrations of those genera significantly higher in the index schools than those in the 
reference schools. Cladosporium was found significantly more frequently in the index schools 
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than from the reference schools (p=0.0080 for MEA and p=0.0230 for DG18)7I:he··:�'. ;.;:.;· !�i 
concentrations of Cladosporium were also significantly higher in the index schools than in the 
refe�enc� schools (P;:;=0;00�9rl9.r r...mt\ ,a�� P,=0.010_ f9[<1D.P.��Ji W.P,.9f l�.�� .mt�:�y.c,�µt�t I 1 
both 

;
growth medi,a'. the range of .�oncenrr:tion q�Jrl�.q,q p,p(;u!ff, ��/JRfJl � lt,9. Ji�9 R}\'f W.1�n the index school's' and from 0 to 39 cfu/m in the refer,�n��ycJ:iogi . . ,10:! , -,. .,,1;, , • 1 .. ., 
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Asper,�illus 'versir.olor; whog/e presenoe-.1indieates·moi.stiir1e 'd'i!fuageiin marertalsr f:N .,:rnt,irw�s 
found more frequently in the index schools. The difference was significant (p=0.0J8b)·fi)tA. 
versicolor detected 'dn 'DG;b s�agat. S{au:hybary�. \Vas found iJ.1'. frVe rstimples� · �11 M-Wruvl'l«Wen{ 
from the index schools (from three different bui.IMihgs:ancll fiv6''d��fetent'tdoms).; "'' J1;·rd') 
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The ranges anti' .geornetfic, nh.eans .OiWi<U-coI'lt:entrati�frs o�airbc5ine badw.ia andi those: 01l) ' 
actinomycetes are presented in Table l'J�Th'e r<:lifferences! ofi t.@tal .comcentratiions 1ofibaoteiia: 'and 
concentrations .of aatiii.:iomyc€-tes 'betweeni .tht<e: index� and r.efetenriw,schools .wer'e not signifiicantr) 

:1··u1·1 �''. r1� · uru:fr; •4I�.--j��:·· :i 102 �,r ;.·1 i 1 i · :1;f '.<.:';_.;/'! un't :ii :l.i.l�J 1'i Lo11J� 
DISCUSSION 

ff·o: :d�terrhine! whether1theo ffi(]);isrute damag�si hnve· an· association ·with :miarobjal ·imloo� .ai.t 
quality in school buildings and health status of school children, the schools( s1aidied wete. .I 
divided intti·theJ darnageldl and non..,.dmriaged schools�· A difference irHhiipifev'3.lenoe ofi: n 1 /' �· 
respiratory symptoms and infect.Ions dp�tween the s€hoobthildreni oocnp'yin� :clamaged ·and,; 
non-damaged .scqools was· :Shown�··Siifuiliit•itHationship ibetween §IYmptoms 'and.moisture/ 11 
damages-'has -earlier been Teported for scho01!-agw• 'Childreri iibl:l!)ut rstridies' con.uemi1'g home 
envirortmeht:['B.].rn! :' .:J i ;/·: f /; .,J,, ( '  i.i•w ,tJ"J 1'' .1· •· i11�J.,/. ,hir1; · 1:Yr.1 ?1 r-: .o; 

�, .. i!< tf;.1J;_;fJi�r�Jrr1; tO�Y- �1 :'J.h.� .1 !J; f� �J�l'll n;j; ;ir;::J'.-J . ' .1·1r;��rn1,:)1· '\��1 .1i1 ) r, 1 1 1 :_ �-'. : r 
Fungal concentrations ;qete�ted1 in�ndoor mt of1scln.<!l0ls iwete1 lew: riom�ed to tlwSe. · i I 11 • 111 
previously found in homes [9,14). A similar finding has been rriadldi>yiflotrailwdet.ral [l5F In 
Other, Studies, mai:fe,r ill WtWfilef. climate; i00Ilceflfrati0IlS1 f6UndJftJJ SChOOl� 'ha;)'e been 1higher(>but I 
the impact cl>f outdror air; has been/ev.iden� ilnntihose: case.•L[ ;161cl!il r18).1 iAltn,Mgli sorrie;' T ·: i 1; 
differences in microbial flora between the damaged and non-damaged schools were fmn;id;' no 
significantdiffere:IlC©S imt:otal-' conrentrations mf rairlJr@rifo !Viable/fungi .were CbServedJ.; llJJ. , /I r� : 
conclusion; .there .ane Borne rexp@sirug if actovs ihall> I<!:aus.e: symptoms iirl :fflois-t:1iue,damagecli r' · _, 

schools, but this exposure cannot be'expfosse!f1as'tcl>tnf mimb0r of viable! fuliligi 'Ii'he p111esehce 
of microbes· ihdi-ca:tiing1qroisture·cfamage' ·i's some Miild ofisum::\ga'te, tfior exposure,l howevtiyv,l i . /\I 
semiquantitative. ;c ::'i -�- i.H 1i/., ·.(•<·. 111 .'.rn;,.,;;'j :Jit:nr>rJJJf: 1; ni .�::;1., 1:-: :;;•,,111il IJ;11. >;i :'.Ji·11. i 
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