
tr AtLob

No.2887 (RP.397)

G.H. Green, ,

Saskatchevran; K. Sareen,

Ært¡c
t8+L

'\ ltÕÇ

The Effect of Vent¡lation
and Relative Humidity
upon Airborne Baeteria in Schools
G.Þ1. Green
AsHRAË'Èàuow

K. Sareen,. A.D. Osborne.

¡BS..rFåCII

ulation rate throrgh a filÈer.

It'¡-IROü¡CrIO{

eras reäsured in six schæIs along nlth
, dust, arrl abser¡tee raÈes to detèr¡nir¡e

snnæs ø. nn u .¡gr q, noogn ngrmnæ ru,uorry o{ FESpTRA{tng rr¡¡ussæ
Respiratory illræsses have a yearly cyclical frequeno¡r that is aÈ a ¡nak in winter and a

-"-! I*þ*Ícal hgineering, universiÈy of saskatchewan, saskaÈqr,
_fs. Egineering, saskatoor¡, saskaÈchewin; e.o. osborne, D"p"rudt-¿;ÉUniversity of Saskatchewan, Saskatør, Sãskatchema¡r.

13

Veter inary t!.iræbiolog¡r,



KæI, ard l{inkler; Ilope-Sirysor¡ 195g)
by the decrease in winter ir¡dær relatir¡e
; Green L974¡ Geen 19BI; Dar¡g, Grberan,
and tü¡thrich 1969¡ Rltzel 1966) øductedt

tnt w¡hunidified h¡ifdings in the saæ cÍty so asb eli¡ninate the effect of the weather variables. 'It¡e l-æatiat añ the ørditiq¡s Lt tt¡esttdies are sho¡n in Table 1, a¡d the results are presented in fifures I a¡¡¿ 2- where theabsenteeism or æcuïTges 9f upper respiratory ii:¡ess rate arJ plotted versus¡ indærrelåtive hunidity. Children have-nrany rrcrè respiratory illnesses Uratt a¿ufts: children lesstttar¡ fiY" years old have five ti¡æs as nar¡v æLdð, henoe, their results are plotÈedse¡nrately.

rf a¡e qrsiders..the slo¡ns of all the tests, irctuding replicates in FÍgures I and z,
1e]ggtirn- any slqn. that æutd have either a ¡nsitive or n"gaËñã-"rç" t<I o.ãl-"rra tr,.Ilalifa¡< data are rejected, then there .are nine -sfqes that irùicate a dãcreasÍng aÉsen-ùeeimor @urrerices of ælds with irrcreasíng indoor réhtive hr.unidity or¡t of g¡e ltotaf ot 13sttdies. rbe a¡plicaticr of the sign test írdicates there ÍË a 19 in 20 p"""iuifity
(ct = 0.0539) that irrreasing relative -hr.unidity dæs decrease absenteeism or the n¡¡ùer ofæEur ælds.

rúti the side of decreasing æJds wiÈh ir¡creasing
þni{ity practÍticret" *,tto ràpoít cases ,where increasedfrmidity igee; r¡rbart 196BerEq¡al :tnr:r iäi¡rgtqr has
trJt tÆ n¡ch q¡fidence in the observatiqrar resurts- tlnt arq¡firæd by theory.i

æntact rcchanigns. Several str¡díes sts{ that
re affected b!, the surrourding air huniclity. ÍberrcsÈ €trqrly suggested cause for the decrease in illness has been the redr¡ced Èrans¡oissiqr ofÍnfectíqr because of tlte redrrced survival of airborne micrroorganisns in -t¡e-¡riåratrge 

ofrelatiræ hunÍdities (Akers anal Dimnick 1969). Factors other ttra¡'t survival st¡or¡ld beq¡sidered wittr changgs in hr.unidity. Sqrc aerosols of organisns strovr high survivãr ià-t"" U,rtreduæd abitity to infect aÈ certain relative
larger particles, which are stpwn to have redcackirg (h¡bart L962) oE nasal passages a
survival and the ability to infect. !hus,
$ affects a nu¡Èer of factors tl¡at tend
respiratory infections.

t,'nÍd "i-1'fl*ff "lfH,uisïå;i%åL'hrfl:1'"li*3iinfec se¡nrated þ a dorble¡æsh wirä åcreen frqn rpnÍnfectednÍæ Eansrnitted infection at various rates of airfLq¡ and
trans¡uissiq¡ of influenza virus with rnice is
a¡d di¡ninished venÈilation (Figwe 3). Iêster
æntainÍng krffr anu¡¡ts of atsnlzed influenzahunidity. It was fcrrd that ar¡ anrcr¡rt of
n animals ex¡nsed aÈ less ttran 309 anl greater

. 
exposed to 50t RIt crly 40t were infected,

Sale (Sale L9721 , during his study of changes in abser¡teeis¡n with Í¡rcreased relaÈfr¡e
l*i9i!y -l¡Ptl- nursery scttær chil.drenl also ræásrrred tåe bacteria qrrt of tt¡e air inhnidified ar¡dt rsrt¡r¡nidified sct¡ools. lte reductiqrs in Èln air¡orr¡e ooû¡ts with ir¡creaeectrelative hr.midtty are st¡øn in Figure 5. À si¡nilar effect *." 

"m"rlnt in the data plotteal bythe autlpr frsn data of airborne æunts ¡xovided by Drs. p. Grbera¡¡ arid G. D¡cel'of zr¡rich(Perscr¡al qur¡nlcatiq¡) Èaken in U¡red aie¡ - office hrildiúJ at varying ,"iÁtlve
n this inrrestigatiq¡ rere rur¡nttrogenic.
e bacteria derutstrated in these str,¡dies

virus ard bacteria causing illness wÍÈhair) also redr¡ces tÌ¡e ær¡r¡ts of airborr¡e
ed the ventilaÈion rate in the b¡ildiqrs æ

l¡l



the results ¡nust be q¡sidered tent¿tirre.

Ttìe objective of this strdy , is Þ inrrestigate the effect of relative hrnidity arÍlventílatiq¡ rates on the qrcentrátior¡ of aiiuoine 
-uacteria 

in eie¡æntary scÌræls.

!.IEASUIEMETXS ÀND MEITIOS

I{ith the objective of geÈting ra¡Éqn. sarçres of airborne bacteria arrl relaÈive humidityr g¡egttdy began witt¡ rreasure¡renÈs of airboir¡e bacteria, rerali"ã-tr¡.iáiivr-ão"tr--"rt- surfaæbacteria in 12 sct¡æt:. A- singre crassræn in each sct¡ær or a¡or.rt 20 Grade 3 str¡dents ofages 7, 8, or 9 was selected.

of the ti¡e of day (Figure
up Èo tt¡e reoess ¡=riod,irrg the trsr trour; fheof strdents, sio daily tntrrly redings

Tberefore, the study was redr.¡ced toistics are sho*n in fable 2. À tmreof schæI (HC) for upre detailed analysis of

Èadings of relative hunÍdity, dust, a¡rd airborne æunÈs r+ere taken before the classgta{r{ 0_8:30, rhen reqgars at 09:30, i0:00, tL:00, ff i¡õ,- ú;I5, L2240¡ ard 12:35. At¡pical plot of the results is stsyn in-trigurè'6).
Relative huniclity was- neasured with an aspiratirg psychcneter with readÍngs taken duringthe microbÍal sampling period.

an Àndersen sarpler tlnt æll.ects air aÈ 29.3

1968).

-lhe reproducibi-tity of the 
-Anderson sanpler was q¡firn¡ecl by using two additiqralsanplers side by sider Ttre ¿esults r+ere wittiin lOt over the entire range of up Eo 22ooælany-forming r:nits/m" (cfq/m') .

' Airborne dust sarqlles were taken simu
with the sarçler. a respirable aerosol mass
ær¡tent of the air. Mass cor¡tent of the
balar¡ce. A cut-off furpactor of I0 microns re
w¿¡s cte litre t=r minute, with a ¡reasuríre¡natibility and accuracy of trOs plus are diõiÈ q¡ 4 decirnar digits.

lte air-ctrange rate of a classrøn is a
enbering tl¡e røn tJuorgh the diffusers. Ihe
tracer gas. À predeÈer¡nined Enntity of N.0ms created in erpty classrocrns wittl tr*o f4-
sanple was taken every five ¡ninutes þr ¡r.urp:analysis. Five. sanples rære taken in eãcti test. Ànarysis of the gas w¿ts nade with aninfrared ana_tysis ir¡stnænt,. Results were ær¡sistenÈ ar¡d ct¡ecked wfth neasured airfløquantities frqn ttte diffusers. rtre oqùir¡ed ræm air-clangJ iàt" resufiif-]t.n theinfiltratfan a¡rd recirculaticr will be referred to as the reciróulatiqr rate, as-th. ãi, tslrcstly recirct¡lated in Èhe study of the schæl, HC-

Sirpe the natr¡ral death of airborne bacteria is a logorithnic functfqr (described ln therext gectiqt), the decay rate of viabre bacteria in an-.enpty ctassrøn was determined Þy
lakitg. earqùes at selected ti¡æ intervals. Tt¡ese cfr¡lmr *årä piõitecl a¡ sennirog p"p"r todetermine the equivarent aÍr ctrange rate of t e decay of Èhe viaules.-

It¡e reærds of absenteeign in the sct¡æls were obtained frqn the teachers ori a nnrrt-l.lyhasis. the absenÈeeisn for al,I causes was used sincre respiratory infectiqrs aceunÈ for 60t
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of all absenoe frqn classes (Green 19?4).

No
=e

FE¡UT,TS

Airborne c€J-lq and bacteria are dis¡ærsed þrard abq¡t 10 ' particles bear viabìIe orgaíri
¡nrcentage of the ¡nrticles are nan¡nttrogeni
ard by trc other investigators (persanal
1983). ltn patlngens tt¡at a¡4nared in each
arreus. In this study, in the sctrools ín wh
pattrcgens did rþ.t a¡Ðear until January ant February, the ¡s¡Èhs in whÍch respiratoryinfections occur in grèater nurbers. rabre 4 gives the lesurts.

the
Èhe
Èhe

50
instant the average 20 p,rpíls entered theclassrøn and æntÍnued to ircrease at a lesser rate r¡¡til reoess at fO:OO- a-.n., then dropedrapidly. Ttre readings increased wtrgn tà9 prpils returned until n@t, when the æunt aõãin

ècreased until 'he ¡upils returned for thÊ 
-aft, rnø¡ class. rt was rpted that the degree of

Dve¡rer¡t in the class increased the cfu,/n'. Iro check that tt¡e increase in oounts 
"us 

fut dueto stirring of dust and depo,sited bactçria on the floor, fans rere used to agitate the flærair. Tt¡ere was rþ increase in cfq,4n' when this was done in r.uroccupiea ciassrøns 
-in 

t¡eulrning.

decay of viabte ParÈicles in the duct system was str¡itied (Eigure 7). rtre nr¡nber ofviable æunts was determir¡ed in the røn, before- the filter (air washãr) but after tt¡e freshair inlet, after the filter, and Èhe su¡ply air to the roq¡r with the air washer rrct o¡nratirg.
lloLe that the dirution by the ventilatiqr air is rot large, but there is a large reoüétià ínthe filt'eratiqr P_roæss. I{hen the air washer was o¡nrating antl the filter was-sprayed, thereEs a greater reduction in airborne bacteria. ft¡is is a single test, and furthãr Êests need!o be done to prove this.

Ito study this effect of tt¡e two variables, relative hr.unidity, and Sirchange raÈe, aprooedure was derived to take into aiæt¡nt the transient nature of t{ie cfVmr g"trerát"a by theæupants.

The 9qc.V of _viable pgticles in the air is often e:çressed as "logorith¡nic deaÈhr (Akersæd Dtulmick, 1969). fhÍs is identical with the logõrithmic aecaf of " truoet gä ininf iltraÈion ventilation str.¡dies.

the relaÈionship is

-Kt or K = ry_ (1) rt the su¡p1y air cfq/n3 = O

ót

r

N

or K = beNo - Ni) - lceeN - Ni) Ø rtgugplv-air

- 

cru,/m-=N'

N^ = nrunber of cells Ínitially or gas concentraticr
N' = nudcer of cerrs at inÈervaÌ t or gas conc€ntratior¡K = consta¡¡tr_ i.e., slqæ ør serni-log paper
Ni = nuùer of oells in éu¡ply air.

a cha¡nber or¡er the supply grÍltes and theair was salryIedl. Nr¡¡erq¡s salples rere

ffi''"1å: 50, which æmPares favorably

a

. . . Bækgror¡nd cfv/mu, as Èhe æuriÈ before occu¡ntiør
nrgner in qre classrøn that had a car¡nt with a nap
ønpared with uncarpeted ræns in the sa¡¡re school, and tthe carpeted rocrn even withor¡t occupanÈs.. Ccr¡Þariss¡ incar¡nt with pracÈically no nap gave-cfr¡/¡n' a¡ploxirnately the s¿¡m as an uncarlrted røn in tt¡e

't6



sarE schæl.

Tte æchar¡isn of the death "f ui4lç ¡nrticles, which have been sÈudied in an aerosold¡ar¡Èer, has st¡own rrc slo6ns: the. i"iãi"ädy;-{1, arrt " r"tãr-å*"v ænstant, K.. rnthis st'ctv' a n=an decay wãs deterninett because ãï üÈ'Ë;ü æ"i'i"å required for aifbornebacteria salrpling.

lte bacteria in the air is oonsidered as the sr¡n of the dirutionloss due rate and qn" Ë.t ioss due to the ñãturar occurring death intÌrc air, to be a runcli-# o]t " n,_¡"i iÈ 'iãätors, 
one of wtrich isrelative gniritant .-rã""îi¡ñ"rs and Di¡¡mick 1969).

rtle increase in cfq,/m3 resultirg frcrn a reductiq¡ in recÍrcutaÈiq¡ raÈe is shovrn inFigure 9.

Figure 10 st¡ows the redrctiqr Ín gç cfurlm3 that occurred Ín one sct¡æI with reduetion inirdoor hu¡nidity. AIt the ¿ata st¡owed. ç¡e # tr;d, that is, a reductiqr in indær relativehumidity resuted in a reduction oi viable ãi;Lñã;.Eeria.

in
ted
ria
irh

Respirabre dust levers of 10 nicron or ress shoued a reratiø¡shÍp to the cfq/m3 increasedas 'the duct ænt'ent increased as .".t*T in- rigure rr. vne*¡ér 
- 
tt¡e bacteria alld theirassociated skÍn cetls ær¡tributed tã ue aust æt¡¡¡i or vice versa is not kncnrn.

their average relatÍve hr¡niditíes ardare the studies of the Grade 3 classroqn in

Drscuss¡rcN

cr 
"lTriî*rï..""rï?."?t:riF':"Hi;*ti:"**tt"'M'.'"3itir3îin air rãte was about IOt to 15$ of the recirculatiqr rate.
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Filters. Tt¡e fÍIter reduced the airborne bacteria æunÈ frcrn 90t to 95t of the tryeÈrerr
valueìl6Eilters oq¡rbined rith a high recirculation rate a¡e very effective in redr.rc-ing the
nr¡ùer of airborr¡e bacterÍa.

I¡¡ciarp (I¡ciar¡o 1984) points ot¡t that recirculating rates of 50 AC/rn sere used in
tospital o¡nrating r@ns to rduce airborne æur¡ts to very 1æ values. HEPA filters are rþt
ræcessary, because the airborne bacteria are nuch larger than the 0.3 micror¡ tt¡at tt¡is filter
will renpve at 99.97t efficiency. He gives bacteria retentÍqr efficiencies of greater than
99S for ASHRAE 95 tP, 95 ÀSHRAE, anal 85 ÀSHRAE, wt¡ile 90 ÀSHRAE ís rated at 98t. :tt¡ese
firdirgs are highly significant, for air-ændíticring a¡plicaticrs, nhere ¡ntlngenic bacteria
strh as legianella and other bacteria that derrelop in water sprays and hunidifiers (Greer¡
1982) car¡ be delivered frqn tt¡e air strean. Vm Reckzeh an¡ [{arner, in their papers (Red<zeh
and Dq¡tenwill 1974; I{a¡u¡er 1974) fourÉ that airborne bacteria rere effectively renpnrcd wit}¡
filters frqn the airstream of air washers.

Relative Huniditv. Àbsolute values of the airborne bacteria in cfq,/n3 decreased as the
relative hunidity decreased in the classrocn, and the logoritlunic clecay rate increased with
Læer hr¡nidities. Tt¡us, tle survival of tt¡e aÍrborne bacteria detected in this study ter¡ded
Èo be læer in tte winter rsrÈhs. Several species of tÌ¡e airborne viables.ære grarn in
q¡Ltures and nebulized into a æntrolled relat.ive hunidity cha¡ùer, and as the relative
hunidity was decreased, the survival tùre of the airborne species was redr¡oed. llt¡e laboratory
exper$rcnts tt¡erefore ænfir¡rnd the classrøn deter¡ninatior¡s. In general, the redrrctior¡ in
cfdn' with redue¡d hunidity was not great, canfirming the firrtings of Simard et aI (Sfunard,
Trudel, Pagnette, Payænt 1983).

Ttris firding is the o¡4nsite of Sale (Sale 1972), vrho shcned a large decrease Ín the
q¡rvival of airborne bacteria with higher relative hr¡nidities. His rcrk must be sus¡nct in
that there rdas no determination of Èhe ventilation or recirculation rate in his br.rildings.

ftre argurEnt that the obserr¡ed reductiqr in absenteeign or respiratory ill¡ress wittr
ir¡creased relative humidity is caused by the reduced survival tfuæ at rnidhuni¿lities, presented
þr SaIe (Sa1e 1972), Green (Green L9741 , ard otters, is rpt borne out ry ûris study because
the airborne bacteria decreased with decreasing relative humiility.

In this study, Èhe airborne bacteria $ere nearly entirely non¡ntlrogenic ard were
generally the sane s¡ncies as four¡d b1l ot]er investigators (Persq¡al cqun¡nication; Simard,
Truilel, Pagnette, Paymnt 1983). Patlrogenic bacteria, P Stre¡Êæus and Staphylococcrrs,
aureus v¡ere found by these investigators also. lltlese pattìogens r+ere not fourxal in Èhis sttrdy
in the airborne sÈate until a severe æld ¡nriocl occurred in Decerùer. In the hurdreds of
sanples taken, tÌ¡ey erere fourd infrequently ard in snall nr¡ùers in the winter periodl
æincides with tt¡e increase in respiratory illnesses. 'Itre lcn nunbers nay r¡ot be of
sigÍficance, as airborne saq>ling only reævers less the 5t of tÌ¡e total airborne viable
¡nrticles in cha¡nber tests.

fhe firdíng of the ¡ntlrogens orrly in tt¡e winter rorrths nay ÍEar¡ Èt¡at they have a
dÍfferent survival pattern with relative hr¡nidlty ttran do the airborne bacteria fourd. Tt¡ig
ís quite Snssible, as nany bacterial ard viral ¡ntlrogens do exÌ¡Íbit the I*er survival tiræs
at nidhunidities. lbst of the midwinter infections are r¡ot bacterial infections but are viral
infecticr and tbis investigatiqr was rnt insÇurented to isoLate tÌt€m. Sfurard et aI (Si¡nard,
llr¡ilel, Pagnette, Palarent 1983) sarpled 48 ¡n- of air in ar¡ a¡nrUænt e:¡haust duct every week
for 20 ceeks with a large volt¡æ sanpler and did not detect a single virus.

c0¡r5.üsroNs

Tt¡e investigation of the effect of relative humidlity and ventilatíq¡ qr tt¡e airborne bacteríal
oor¡Èent of air in sct¡ools revealed the following:

1. Tt¡e nuùer of airborne bacterial oolcry-forrning units ¡nr cubic mter of air in
ect¡ools is highly dle¡nrdent on the nr¡¡¡ber of occu¡rants in the classr@. rherefore, any strdy
of the effect of røn envirqrænt qr airborne bacteria ¡u¡st take into acq¡nt tt¡e variaticn of
the¡n with Èhe nr¡rùer of æcupants.

2. Tt¡e cfu/m3 nunùer of airborne bacteria in tt¡e classrqn rere lostly raoved by
filtration of recircutated aÍr.
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culatÍq¡_raÈes are highfy effectÍve in rerrcvingiÈure "-Fgl, fo1 nr9Éectir,e ñiuir,õ"äip.r,t"hunidifiers, ar¡¡ -ouer æfoitiørin{ 
"õiir,"n.bacteria.

¡t. Ad
other str:dies ty reduced the nr¡¡rber of cfu/m3 in the aír.
occupants and take into acoounÈ the variatim in ni¡mLr orrecirculatiqr.

5' TttÍs study did rpt substantiate the hlpothesis that the reductior¡ in absenteeign andrespiratory irlr¡esses in wÍnt'er witb incre""éå -lnãL, 
rerative rrrmiåity is caused by theredrction Ín airborne mÍcroorganig¡s with i"Jieãsea'ïùniaity.

6. paürogenic bacteria were onry founà in the midwinter season.
túile tåis investigatÍon reveald--*lrv.-aspects of airborne bacterial oanta¡ninatia¡ insct¡@ts tÌ¡aÈ nav be significani là aff UüiiJf-ù"î further investigatior¡s will har¡e to beundertaken to sr.rËst¿ntiaÉe ttã iirr¡iìg".
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TABTE 2

c

HC

Schoof HeatJng ard Ventilatilq Systanrs

ventilator controls were set with minimun fresh air when heating was requiredng to adnit outdoor air as cooling was required.
20 students was average in all schools

TABLE 3
Bacteria-I Species læIated
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* Unit
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Sohool Heating Systen Humidifying
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Recirculation
Rare Ac/Mr

Room Vol.+
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3 cfm
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IL--
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KG Steam Radiators Air Washer 5.0 L/sec
100 cfn

Al1 Fresh Air
t.22
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TABûE 4
Patbgenic Bactenia
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Discussion

P.R. MOREY, NLoeh-CDC, MorgaDtorst, IJV: A water spray systen (al.r washer) wae utlltzed to
provÍde þnnldtflsa¡les. In aone offtrce bulldlnge air waehers have beeu shonn to be stroqg
aourcea of alrborne thernophlllc actlnonycetea, fuugl, aod protozoa (Kielee and Hodgsou 1984,
Indoor Alr Q¡a1lty, CRC Prese¡ ltorey, Hodgeon, Sorenòon, ItulLuan, Rhodee, and Vfsvesvara 1984,
Egvlro¡¡eatal Studlee Û rcea aud Preventlve

you attenpt to collect any of these agente? Dld you look for elgue
õffieaee, euch as hu¡ldlfl.er fever? A¡e air rraeher hr¡uldlflcatloD Bystena wldely used f¡
echoole lD Saskatchewan?

UOREY: Accordlag to your preseatatlou, the level of alrborne bacterla ôecreaaed by about oue
log order rúren etr ma ¡oved through the aLr haudllug unÍt contalnJ.ng a¡ alr raeher. l{ere
bacterla renoved by the fllter baok, by the acrubblag actlon of the a1r ¡yaeher ltself, or
both? Whet was the atoospheric dust Bpot efflclency of the fllter bsnk? lfhat type of
preveutlve n¿lnteuaoce progran 1s ueed to prevent the atr washer fron actlng as a cource of
olcroorganlems (e9., dlelofectlon or control of ulcroorganlaue ln alr waehe¡ pump watera,
fllter replacenent achedule)?
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