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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 [1,2]. 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 schools. Area of the schools
varied from 380 m* to 10 900 m? 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 trained 3i}iléfing

engineer, Surveying was made according to a checklist for various types of moisture sngns
Surface moisture recorders were used. Types and obvious reasons for the damage were |
recorded, yvf;en poss:bleﬁ The ‘m,ﬁpectlon procednre and the h'mq for decls.on of the damége
degees have bgen develuped emhex [5]. Based on mo;stme obsel vauons, the bmldmgs Welé
classified into moisture damaged qchool$ rhat are Ca[led mdex schools (n= 24) atid'fiof”"
damaged schools or reference schools (nm 8). Areas and the' severlty of the damagé$ and the
size of the building were taken into account, when estimating the class1f1cat10n of the
buildings. This classification was used in the analysis of microbial and Kéaich'data”
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Children’s hee}lqh data v were col}ected by questionnalres The ql,lestlonnalre uSed was modlﬁed

from those used in other mesh studies concermng respjratory symptoms and dlseaqes (6, 7]
The questionnaire comprised 32 questions of personal characteristics, indodr air'

characteristics, the : OcguITence ( of reapxratorv symptoms and mfect19ns doctor v151ts s1ck
leaves,,ppw}tahzanq,nl angl use of medlcatlon f01 respu'atmy dlSCf:t(S?Sl o R
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!Airborne microbes were determined by using a six-stage impactor (Andersen 10-800) [8] in
Idifferent rooms, i.¢, classrgoms, corridors and gyms. Medla used were 2% malt extract agd} v
(MI:A) and dichloran glycerol agar (DG18) for fungi and tryptone glucose yeast agar (TGY) *
'for bacteria and the samples were incubated and analyzed as described before [2,9].'Samples
(N=224) were taken during winter months when the ground was covered by snow and during
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school days when the bulldlngs were occupied. Sampllng times were from 7 to 15 mlnutes Hy
and dctection limit varlcgi from <2 to <5 cfu/m’ dependmg on the sampling time. wr
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Statistical analysis i
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The association between the symptoms and moisture damages in the index or reference *

! schools was tested with logistic regression. The concentrations of airborne microbes were not

oo W)

' ! normally distributed, and normal distribution could not be obtained by transformations: Notis

.(!

- parametric tests were used for data analysis. The difference in total concentrations and~  * &

I concentrations of most common fungi between the 1nd(e5l and reference schools were /171 i/
+ compared with Mann-Whitney U test. x — test was used to test the differences in frequencies

 of different concentrauoq categories and for the pccprrence of certain fungal geﬁeija 'SAS'
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statlstlcal package [10] ,wps used in analyzmg the data
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RESULTS
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The response rate fori healtlh $urveys was 82% Out of 4365 ‘children'3687 came from the
index schools arid /8 from t'he refe{ence schools No differericdsin thé pl'eValerlce ‘of self
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reported allergxes were fJoPnd Cln dren occupymg index schodt§ ‘reﬁorted 'nord nocturdat
cough anq :opmon cold, cough w1tlpoug p legm and with phlegm “and musculér pain during':-

‘ ]
spring session, (xP—O 0001 for all symp;oms? ll}an Chlldl‘&l} in tﬁe fe-fn‘efence schoo'ls i 5 )
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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'jr“’signifi}éhht.
When .comparing, cqqespopdmg frequencies of total concentrations in four categories
(classified according 1o lpercentl es_of 50 75 90 ax}'dl >)9(')) no statfstmal dllf'fcredees betweel’n
the schools werefq}m it A A i T b
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Table 1. The rangcs (R) and geometnc means (‘GM) of tofﬁl concen‘tratfons of airborne fungi'”
and bacteria and the ranges and gedmetric tealis'of conctntitidns of actinbmycetes
in the index and reference schools and the percentiles of fungal concentrations

Index schools Reference schools '
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Fungal flora

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)“The "' i
concentrations of Cladosporium were also significantly higher in the index schools than in the
reference schools (pHO 0056 for MEA and p=0. 0103 for DGI8) When. takeq intq 2 "lccqumi |
both growth medra, the range of concenlratlon of Clado,spopum was, from 0 ) to ],70 .qfrulm ,m

the index schools'and from 0 to 39 cfu/m’ in the' leference schoqls S TR TH
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A sperqtllus‘rﬁerwmlnr whose présenoe. »mdlcates moistiire ' dainage in materials [ 11,12, Was
found more frequently in the index schools. The difference was significant (p=0.0380)-f61°A.
versicolor detected'on DGi8:agat. Staekyborrys-was found irf five samples; all of which‘were”
from the index schools (from three dlfferent burlﬂmgs and ﬁver dfrfferent‘rdoms) abaed's
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The ranges and geometric. mi¢ans loftdtal conceritrations ofairbdme bavterla and: those: of '
actinomycetes are presented in Table 1*The differénces!ofitotal concentrations ofibacteria and
concentrations.of acrumomycetes'betweeni the index: and refererivenschools Wer‘e not sigrificant.
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Tadetermine! whether-the moisture damages have’an association' With 'microbjal indeor air
quality in school buildings and health status of school children, the schools(studied were.
divided into the: damaged and non+damaged schbols. A difference i the prevalénce of i1/ .7
respiratory symptoms and infe’ctidns dpetwéen rhe sehoohchi}d'renl' occup‘ying' 'damaged and ;s
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damages has earlrer been repérted for schoolr-aged children ibour studies concerning home
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Fungal concentrationsidetectediiniindoor ait oftschools were: 1@w compmed to those. ‘ili:in
previously found in homes [9,14]. A similar finding has been made by Dotterud gtsal. [ 15} In
othér. stiidies, madeiin warmer climate; .coneentrations:fonmd-tl schools havé been higheri*but '
the impact of outdoot airihas been evident ity those cases [16;317518]. Althovdh some:: 12 it
diffcrencces in microbial flora between the damaged and non-damaged schools were found; no
significant differences intotal con¢entrations of airbortie vibble fungi were cbserved. In , 4+
conclusion;.there.are some exposing factops thab cause. symptoms il moistwre.damaged!: ',
schools, but this exposure cannot be’exptessedias’ totdl nimber of viable! fung: The presehce
of microbes indlcatiing)moisture'dar"na'gé 4 some Kihd: ofisurrogate for exposure] however,i .1
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