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lntroduction

Indoor/outdoor studies of particle dist ributions generallyh¿ve found.a larger proporrion of smatt pàrtictes indoorthan our (Hirsch er at., 
-rJ7 !: v.r"Ã' ),)i.i I e7 | ; Sr ert ins,1977; Jacobs et at., t962: Sr.rling er 

"ì,.-,"isin. Thcse dif-ferences in size disrributions hau'e ¡*"'rìir¡Urted largelyro air conlrol systems, filrers, and L"irãì"r, as a wholeacting as particle-size selecrors tVocom"Tl .at., 197 l:Solomon, 1975; Solomon, 1976; Xozaf , IgZA; Vcl.lall,te75; Cravescn. t978; Minrrc,';;";i.:, 'ínrOl. 
Lungrespiratory depositron models t¡aue sfro*n specific sizeranges of small particles to be more l"rify'inspired anddeposired in rhe lunq, making ,t. p"riiáte size (aero_dyna.mic diameter) Àn ¡rporî.n, di;;;;;", presenr

building srandards .n9 i...ni .*ö'"ionr.ru.,ion
measures have increased rhe impo.tancî oi 

"¡, 
.oni.isystems. The intent of this ,rud'y *a, io-á.r.rmine rowiat,exrenr buirding characreristicr il ;;r"."rionar airconditioning systems have an effect on the influx andrecycling of viable parricles within 

" 
,i*",rr..

Methodotogy

The study was conducted at two wastewafer treat-menr and sludge composting iacilities_one in Washing-

(

i de¡, NJ (facit_

, o have grealer

" ^igatus 
at the

Marsh et ot.; ¡eze). samJi; lliii,i",ïl::,í¡:,,äT
metcorologic infornlation were collected for two con_securive days ar each facilíry in Sepreiber of 19g0.Three rypes of air conlrol systenrs ,"ere siuOic¿ at eachlaciliry: (l) narural air control ,yr,.rr-uJng open win_
dows andlor doors, (2) room unit a¡r .ond¡tion.., 

"nd(3) central air condirioners. The ..nrrui .i, units usedreplaceabre fibergrass air fitters an¿ the room uni(sreusable foam aír fìlters. The mechanical units were inoper.?tíon at leasr one hour before air sampling.
Twq¡r¡r-one paired indoor/outdooI. uoiulnãtric air

sam pres' for via bre pa. icres -" 
:i;j:ï*llçrnt

lerS, Inc.) conraining 27 nil :

r.n yc i n an d ch r o ra m ph en,.", 
" 
ål iå 

t"o"i,lil 
:i i::ijÏ-lin were added ro te(ard bacteri"i gror.th. fie paired airsamples consisred of simultaneoui ,.rpi¡ng at the our_door intakes and room exits of the airTonirol sysrems

for a durarion of 5 to l0 min, taken between t*o to four
times daily. one paired air sampre 

"t 
.".h of the threea¡r conlrol systems was collected within a one-hour

pe riod.
Surlace swab sampres of the mechanicar air control
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sys(em filters were faken twice (August ancl Sep(ember
1980) with sterile cotron tippcd swabs moisrs¡sj wirh
stcriliz-ed distilled water. A 4 cm square arca ol rhc
[ilters wa.s swabbed and strcaked immediarely onto pre-
parcd media dishes.

Measurements ol temperarure and relalive humidiry
at each indoor and outdoor site were collected concur-
rcntly with volumetric air sarnples using a sling
psychrometer and a psvchrclmcr ric charr i ¡CC f H ,

1972). Outdoor meteorologic conditions were obtainecl
from the local weather station in each arca.

Exposed cultures were incubated at 45 "C lor 48
hours and then refrigerared Íö'ihniUir furrhcr colony
growth. Colony counts, in cololry. lorming unirs per

28.3 liters of air, were obtained for A.spergillus
fumigotus and "öther Aspergillu.s species and rher-
mophilic lungi by direct colony coun( on rhe basis ol
microscopic examination, colony color and colonv mor-
phology (Raper et ol., 1965).

Results

Figures l, 2, and 3 show the relative distriburion ol
diflerent sizes of A. /umigotus and orher thermophilic
fungi lound on each stage of the Andersen sampler, at
the indoor and outdoor sampling sites for each air con-
trol system. The approximate size range for each stagc

of the Aqdersen viable sampler is shown in Table l. The
figures sho+ing the-relative distri'butÍons indicate a

signifìcant transrtion between the o.utdoor and .indoor

distributions of those viable particlcs found on stages 3

to 4 (approximately 2.1 to '4.7 ¡m in aerodynamic
diameter). In general, a greater percent of the total col-
ony iorming unit counts on stagc 3 wcre found outdoors
and on stage 4 indoors. This transition is most pro-
nounced with 24. lumigatus (Fie, I) which falls into the
2.1 to 4.7 Am range (Raper et al., 1965). The histogram
of other thermophilic fungi, rvhich are generally of a

larger size, does not show a transition as clearly and not

'-),.ìtl
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acrodynamic size ranges arc given in Table l.)

':i

at tlìe room unit systems. A greater proportion of t¡ç.

Orifiie ei
(mm)

F.ange of Particle Size
(¡m)St age

l t.l8
2ri';:5 ':r 1\. t 

0.91

Ji, r/r.ftiï ' . O.ll .',
4,'l .;, 1i1.rll''-' 0.5t'
fi ¡tIIiíI i':r'r{Ìi.9:11 ":
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? 0 and above
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t. I '-2. I

0.65- I I
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Stage r -3th .' ,4r

f .thcrmophilic organisms othcr thû
nirs on each stage of rne ¡noirs.i
rrcle.sile range found nn .u.t-irii.
¡eaìcs. rhe ;.r;Jr";; ;.' rìi:' iå';

A.fu,migatus in srages 5 and 6 (Fig. l), wirh srage 4 bc-ing,'h' transition range, - i,
Oh the'basis of the observations made l.rom:Lfi. riiådistributions shown in Figs. t, 2, ancl ¡,',f,¿."jä"iifìr;Ì

ing r¡¡¡, counrs f6und o,, ,rng., , il ;;;;; 3 and, onstages 4 rhrough 6,were c<¡mbined (Tab,le i""¿ Èi_n. oi:

Stage
Fig. J.
cach st unils on

rangc icle-size

The ae crcases,,
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Trblc 2. Pcrcettl ol-colony-lornting unils on sttgcs 4-ó combined¡
of the Andcrsen six'stage viable sarnpler

Organrsnt

I v¡rc ol
\tr Systcnì

Pcrcen t

l ndoor

Itcrccrìl
( )utdoor

Probability of
Differencc by

Chanceb

i!

A /untgolrts
Nalt¡ral 19 9 (52.5)'

Roont ljrtrt 90 J (11 . l)
Ccrrrr¡rl 8l I0_2 5)

Fungi Otlrcr thar A fun¡Rutus" .-1

Natural 2ó.6 (40.7)

Roonr Unit ¡2.6 (49.9)

Ccntral 97( tìó)
'1. 11¿ n t t r u t t t \ iì n(lr.Ol her Ftr n¡rr Co rlthi nccl

Natural 40.8 (9-ì l)
Roonr Unrt 5,5 9 (91 .0)

Central ,i2.0 (41.1)

smaller size particles (stagcs 4 thiouglr 6) of al.89o arlci

3l .20/0. respectively, greater t han would be expected by

chance (p < 0.01) with the Ìooin unit showiriþ the

greatest difference (Table 2). The central ail system

showed only a l69o dilference betweèn the indoor and

outdoor colony lorming unit counts, a clifferencd)ihat

could be expeqted,hy chance. In'io¡nparison with'the
natural, air system, the differenie in the perðent of
smaller particles founcl indoors and outdoors was in-

creased for the room unit system and lor the central.àir

SYstems ' r'

The findings for lhe other thermophilic fungi were

not consistent with those lor A. futttigotr¿.s (Table 2)'

The smaller and larger particle iñdooi/outdoor distribu-
tions for other thermophilic fungi were significantly dif-
ferent fqr the room unit and central air systCms. Use of
the cenlral air Sistein resul¡ed in a substantial decrease

in the percent of smaller particles indoors (9.790) com-

{tl 7 (t8.7)
l8 ? (t8.7)
66 1 (ll .l)

< 0.01

< 0,01
> 0.1

21 .1 (24.21

t1 1 (24 2l
lt,r(21.6)

> 0.1

< 0.0t
>0. I

>0. I

< 0.05
< 0.05

_r{,1 (.r2.9)

.14. | (42.9)

.16 2 (60.9)

Loca

O-utdqor

lndoor

,Thc aerodvnanri¡-.size rartgc rtf thc parttcles foultd otl stages 4-ó is approximately 4 O

0,6 ¡rn.
hl)ctermrncil hv cht-square tesl. I dl

. 'Actu:rl col<rhì'förming ttttils pcr 28.3 lof satrtpled air
:l'

to

A.fqryiq,?!,u,s , ,,Fungi other than
tr,i,.4. /umlgatLlS"

.l
parecl witlr outdoors (21.1 0/0) and thç,use of room units

resulted in an increase in the percent of smaller particles

indoors (2.6i0\ compared to outdoQrs (27.790). The

indoor ànd'öutdoor distribution of particles for the nat-

ural aii syttems rúère the same. Again' when the me-

chanical sistems: are compared with the, natural air

systems the perceirtage of smaller particlè"s i¡tdoors com'

paredio outdoors was incr€ased when using room units

but clearly decreased when using ceilral air systems.' 
When the A. funtigarus and other thermophilic fu¡¿i

colony fdÌmirrg {rnit .ountt werJ combined (table-z}.no 
'

indoor/outdoor difference was shown for the natural

air and central air systems. Use of the room unit systems

showed a significant increase in the percent of smallCr "

partic comP ..(',
Sw r the tFm,. .

filrers 3. Du i aq.

lacilit îor A ther .
,l'i:

Table''Í. Filter swali iample results for roQm unit and rr
' ciíiral .i, ,Yrlernr. ''".'

A. /umigotus ., Other Fu¡gi
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Fig. 4. Percent <,f coloniy'lornllng unlts ()n stagcs
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" \o result, due to conlamination of media plate or no samp¡e

irrncd

o!



ln 26.4 ó8. 7Natural

Our 26.4
> 0.1 < 0.01

12.0

ln 22.8
Room Unir 71.!

Out
<0 001 >0. I

26.4 72.0

Cen r ral
23.6 71 2

Oul
< 0.00 t < 0.01

27.6
ó8, 4

"Probabiliry of indoor/or¡rdorlr dillerences bcilrg rluc ro ch a nce(Srudenrs ¡-resr)

thermophilic fungi were found for borh rhe room un¡t.and central air syste m ñlrers. The second su rvey showedpostttve results ror,4 fumigotus and n egative [or otherthermophilic fungi. On further inquiry rnto the mainte-nance of the units it was lound that rhe room urìit liltershad been cleaned bet ween the first ancl second sampli ngsurvey and the centra I air system lilter had not, resulti n8rn notìe or fewer fu nSal types at the room uniMeteorologic data for lemperature and ,relativehumidity are briefl y summarized in Table 4. I n gene.ralthe indoor and ou tdoor temperature m easurements atthe natural air systems were the same and the ,indoorrelative humidi ty wa.s lower. Statist ical ly signiticanr dif-lerences between indoor and outdoor temperatufe wgrÊ ":seen as expected at the room ún
telnperáturi w

It and central air systemswhere the:ihdoor as lo rver, but,the relarive ¿.hu

4tl

rng vj¿þls particles alrcaciy sclccted a.s bcing favorablefor growrh in rhis
o u s v i a b r e o o,., i. r."n JJ ¡',iil ::, .ln;r: Lî, i ir r...jî ;:.porred in residences, ofiic
much conccrn, in hospita
et ol., 1970; petheram e/
Millner er ol., 1977; Broo
gest that there could be fu
mechanical sysretns and cleaning ol rhe filters has an ef_t..:t ol lhe lungi prcsenr and on subsequent indoor dis_tribu t ions.

îhr in.r.rr. in rarger parricres round indoors at thecentral air sy.srcm.s may bc attriUutableìo a number offacrors. The orhe r rhermophilic iriei'ir;g.neraily of alarger size rhan rhe e.,lutnigaru;;;;;r. more tikelyro serrle or impacr on rhe óenrral 
"¡, Ju.t system ortilrers. The c,rrensive <jucr work ;; i;;r;; fitrer area ofa cenrral air sysrem increase the potentiãl for collectionwirhin rhe sysrcm. The higher hilã;;;;;;sured indoorsmay also hclp creare a lavorable .ní¡ronì.n, and en_

s.fsle.Ts. However, tþe proporrion,of sizes and their
,disrribur jo¡ indoors varíed depen;;";;;;;. type of aircontrol syslems and whether there *eie ooir¡U¡. sources ,r
of viable p wirhin the.air control sys_

,.ttt:'. Th9, tional" siie-separation bycombining arricles (less than 5 or l0pm aerody without considering thecomplete.si ion may Ue misteaOlng in,assessíng the overall effecrs ol building ¿.r¡gn and aircontrol systems on viable.parl¡cles.

h i!her in doors 1þa¡r.outdoors,r.

Efficrs of a jr control systems

' T"ble ¡ M. leoro log tc

Air Sysrem

nìcasurenìenls fnciln villucs

lemp ('C) ru rH /¡,'

at
midity' was.significan r ly
t he centrálcäir slstem.i.

¡n: 
" 

t

Concl usi ons

ch aract eri\ i., ài p",
I oiess to (a
t ller and m
lo be found indoors. The use of [ilters and mechanicalair systems seems to s,upporr even more the .selection to-ward smaller þ,àrticl.È3 indoors. Viable,pariicles approx-imatety.4-0 ¡rrn in aerodynamic di;;;J;;;re tou¡d ro.be filtere.d from the air srream of mechanic.f 

"ir 
rr.ii,_îwh.ite..respirabte siãe panictes .f t.r; i;;;i.o ,rn,,*.r. ,not filtered out as well,

Although viable and nonviable parricles havephysically rhe same characterisrics and rlv j.¡,.u. ,iri_larly, viable parricles have rhe po,.nri"i'ior"growrn anomay represent a wide v.ariety of potential irritants anddisease anrecedenrs. Fitters ,-n";;;; ';; i coltecrion
particles and Othe r mare rial which cans. The particles may grow and exrendr to act as a co-ntaminarrt sor¡rce. ex-io¡.could aggràv.are this by reinrroduc:
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