
* f¡. I E6o

l''J*. A.- V rl 6

H /[ çb

Êrvc- lf "z
435

LONG.TERM MONITORING OF INDOOR AIR QUALITY ANDcoNTRoLLED vENTTLATToN rN ÈueLïð' sun-ot¡¡es
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Experimental

Two school buiìdings with office spaces were selected to serve as
study'sites: a universìty bu iìding at the Tampere University of Technol -
ogy and a high-school buiìding located close to Tampere. Both bui'ldìngs
util'ize n¡odern, controllable ventjlation systems, but the air is recir-
culated and fìltered onìy in the latter. In both cases, the occupancy
and'ventilat'ion are perìodic (confined to working hours), but irreguìar
evening occupancy is not uncomnron. Several hundreds of peopìe use these
buildings daìly.

Radon concentration was nreasured cont'inuously us'ing a self-deve'lop-
ed rnòn'itor, which is a modified ionization chamber, where the effect of
decay products has been elimìnated (for a detaiìed description of the
nreitirod, see ref . 6). A modif ied electrical aerosol monitor developped
by Lehtimäkì (tO¡, was used to measure the aerosol concentratjon. This
de'vice ìs especìaìly sensitive to fine particìes, and can be calibrated
to d if fererit s i ze di stri but'ions .

.Carbon dioxide concent.ration lras measured w'ith MIRAN 1A infrared
spectrometer. Some long-term measuréments of relative hum'idìty and tem-
perature were also made. A self-developed data ìggger was used for data
collection; The data was transferred to computer'for further processing.

'' 
Resuìts and discussiort

"The 
concentrat.ions'Jft uuroroì-,anrl COo durìng a 25 days perìod (in

' 'late August,and -Sept'ember) in the. éxhausttair of the unìversity buiìd-
lng are shown,in Figure la. The radon concenç[at'ion during the same
period is p'lotted in Fi9, lb..\

These figures c'lear.ly reflect."thè ef,fects of periodic ventilation
and occupancy on poìlutant concen

ir

n àl so displ ays çþe,rlarne perìodic behaviour,
term (einalation' from tlie soil ) is constant

and the concentration depends alnros,Ç soìely. on'the"üentilation rate. The
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concentration ìncreases to (or close to) an equilib¡ium ìevel during

;iôñi;-añã wãerenãs, an¿ decreases rap'idly^in^the,pornings when the

u.ñiiiat.ion is turñé¿ on. As in the cäse óf CO2, this periodic behaviour

.ãn U. modelled adãõuateìy by the well known ffrst order differential
ãqüuiioä- [iue-iefi.'+, S,g ,1 1: 1 B ,22) . This model can al so be used 'i nverse-

ii-i;'ààtèrmine tñe véniiíation-ral" from the radon concentrat'ion. This

ì"s in¿icated in Fig.2., where the slope of the radon."decay" curve on

a-ìog-norma'l scaìe-gives an est'imate of the ventilation rate.

Several measurements in'the hì9
daily concentration patterns as in F

were-40 days). The use of this build
versìty. Thìs 'is reflected in the so
centrations and especially in the st
The daily maxima of C0, concentratio
turn air filtrat'ion diü not remove t
source. Sìmultaneous measurements of
haust air and in one of the class ro
ããn U. cons'iderably (up to three times) hìgher than thp average concen-

iràtion in the exhäuÀt'aìr. It should also-be,noted that although these

iwo .on..ntrationi varied 'in phase, the h'igher class room concentrations
-äV -.tl g'ive a better estimaie of the daiìy exposure of the students'

Additional measurements of the aerosoì concentrat'ion in the class
room were ma¿e uSiñõ-uñ ópti.ul párticle counter (Royco 218): Resuìts

of a two weeks rãaiüring þeriod i"evealed that the concentrations of fine
and coarse u..otõli.(>O]Z'an¿ )2 pn, respectively) correlate well with
ãách other. Both of ihese also sh'ow a good correìation with the output
of the electrical aerosol monitor.

One Potent'iaì aPPl icati' ;:['?::l:]:^:.'&ol!:.fftli
have shown that coftsiderabl
concentration is used as an

,r' l' ,ìr of the ventilation need' In

, . .,,i r, Vêrìtilation was condùcted i : "

:, Jl:tr¡.i..r.1,:rr¡,.¡r, i , .,,{1 ,.

r,r ni,f icantly duri ng the ex-
se .cqrìqe.rìtration was ob-
õ d,¡lSçi unchanged, but thì s

ón whiqh.alìowed the maximum

ndreanl;ien'eXperiments one can con-
lation,;Wor.kS and may give a good

door,air. quality is, however' a com-

ol'icated problem. Al though in our experiment no signif icant-changes 'in
'tf,å-ãiilqtaiìt9'were obsõrved, this iesult cannot be generalized, since
;ü;. ãiiåði;of;äiiferent venti'iation systems on most indoor pollutants
is largely unknown. '-" ' t ''" ' , '
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Figure 1a. Aerosol (be.ìow) and C02 (above) concentrations .in the exhaustair of the universitv'Þlllding ourlng a 2s' ¿¡vr-räisuring perióã-iñ.-lute
August and September, lgg?.
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Figure 1b.
ing, during

Radon concentration in the exhaust air of the university buiì-12 days, 'in late August, ahd;'þarly ieptember, lg^qã.
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F.igure 2. Estimation of the ventiìat'ion ratþ from the radon concentra-
, tìil ,ting tfie siõpã-oi tt. morning'"decay" curve (0.8 per hourin thìs

case).
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C0^ concentnation and, the contnolìvoltage of the exhaust fan
veñtjlatioh control experìment. The dashed I ine 'indicates the
tage in the normaì operation mode of the ventiìation system.
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