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1. rl{îRoDucÎro}I
It is clear that airborne nicro-

biolog:icaJ. particles are noving I'rith'
certain variability by tb,e influence
of such parmeters as locationr seasonst

,-rggatber, sfties of ¡aicrobes a¡d actl-
l-'¡/.i.ties of people. llhough there are EIa¡y

reports on y'oarLy or seasonal changes

of eirborne microbiological partlcl'eç
concentration, vre have very few that
vrorkeô on the tinely variatlons of
rel-a-tively short Perioð-

If the saYnìpLing ti¡oe is not Long

enough in dleterrÉnatíon of alrhorne
eoncentrat!.on, the neasureil values
vrouJ.cl lcaô to vrrong estitrate of contE-
plnation of the space

llhe authors have been working on

the behawior of aùrborne bacten!'aI

anô fungal" particlep in,ryS"ious in-
-door and out*ðoQr spaceé.--So¡ae result's
lon variabilitles of eirborne nicrobio-
Logical partlcles anè thefr character-
lstics whioh have been obtalned uslng

long-ti.rne sÌ1t sarryPlers ln severel
lntra-¡oural epaces and some discuFsions

are introduced'

2. ourr,INE OF I'fE.{5UnEI'¿3tlTs

The alrborne bactertal Pnd fi¡n-
gal parttcles concentratlon êre BÊâ'5-

uretl êvery tvro ninutes ualng Long

tfme sl.lt eernplers Ol/c Zoo¡), The

intloOr meAgurexûentg lvere ôone fn arr
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office building wttb,'air conðitioning
systers. 3¡on the structual cbaracter-
tsity, very littLe effect fro¡¡ out-
door vlas e:qoected'. Iurthermore, a sub-

vray statùon was used as a fielû of
:rather high concentration. This stat-
ion is built by shlelð-construction
neùbod and. approxinately 24 neters
from the ground. surface with nechani-
caL ventlletion in operation.

lÏith atfborne bacterlal and fun-
gaL partiplgsr settleô nicrobes' partÍ-
culate nEtter concestrationr occupants
density and. gther pararneterq were neas-
urod.

The outd.çor measurene$ts vrErR

done on tha t'oof of the Ïnstitutc Pf
Puþ1io Health.

3. UECHANTSII 0F VARTATIoN

The concentration of ßirborne
¡olcrobfological particl-es eþor're vart-
ous types of variatlon ôue to gtppy ele-
ments such as ventiløt1gn rateEr alr
oondlùJ,sntng, numbor of ocçBpa$ts a¡å

their actlvities, The partiçlts a're

brougbt fn from outôoçr Þy ventllation
or acçonpanlrinß 9eopl.o or þecomç Eir-
borne vrithin þul]'dlngs by thc *ç*L¡tL-
tlee of oççupa¡rts..

In ca.Ðae of l¡rdloor soncentfa$*gn
Eource strength, their ffne varlalLaftt
epace ittgtrtbqtlon antt lci:ldl pf sourçço

have /teffnltty €tror¡g l'ßf1uçþ9pp þesfdo
the ollaraçtericltteg ef elr ooßiltü*ow
tng. fire resul,ts oþtatneå !'v9rç of .thpsc

officea {.n dirish gourcçe ¡¡efç ôlptrdr
buted tal]ne:' unifornS-y throughout the
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space and. its strength depending on
the general actlvitÍes of occupants
which are re.l-atively uniform during
offÍce hours.

fn cese of subway stations, the
¡nain scurcês were consid.ered to pass-
engers I tinovements anil the arrival and.

cleparture of trains. fn neasurements
at the passages tbe forner vres d.orni-

nant and the latter at the platforncs,
although the frequency of train depar-
ture a¡rd. .number of passengers hacl

strong correlation,
In caseg of outdoor neasurenents,

besid.e seasoaal variation of biologi-'
ca1 quantitLee, the weather or clina-
tic cond,itions are known to have
strong influences r,n the concentration
of airborne nicrobiological particles.
Especially the wind. ig sonetimes a,

majo:: element whÍch decide the conta-
nination. lVe useè the data Ín this
report on relatively settled.r caln
days vrlth 2 - 3 m,/s winit.

4. RESUITS AND DTSCUSSION

1) Tine Variation of Concentration.
Time variation of concentration

in offices have very d.istinct features
of low values around l-unch time v¡i.th
sloradic high values throughout the
working hours (¡ig. 1).

The concentration in subway

station have features of hi6h aver-
age values and. sorne effect fron pas-
sengers and ¡novement of trains. lYith
the operation of mechanical ventil-a-
tion, l'¡e caru:ot observe morning and.

evening peaks.
In outdoor concentration there

vrere no:distinct changes of cJ-imafe

d.uring the day and. the concentration
had. very constant fluctuation all
day Iong.
2) Stanclard. Devíation antl Coeff:lcient

of Variation.
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The average concentration, stan-
d.ard. d.eviation a¡rd coefficient of vari-
ation. for three cases are shovm in
Table 1. The length of measurenents
vrere for one vrhole d.ay and sampling
tine length was one ninute except for
sublvay station vrhere tv"o minutes samp-

1in6 was used.
Fron these dlata we ca¡r¡rot see

very distinct tend.ency for these
three values.
3) Standard. Deviation, Coefficient

of Variation and, Conce.rtration.
The relation of S.D. or C.V.

a¡d concentration for bacteria and.

fungr are sbown in Figs. 2 and 3.
the concentration of ftrngi is usually
lower than of bacteria.

Wj.th bacterial particles there
are two groups qf cases with less
than 0,15 p/:L a¡rd between 0.44 -
I.43 pil-, Yfith 1ow value B9oup, the
lower the concentration, the larger
becomes the C.V. anò, with higher
group, the C.V.s conierge to certain
1evel.

lYith fungai particLes the C.V.s
are very high when the concentratlon
is 0.O35 p/]-, then the C.V.s become

lower as the cbncentration becomes

higher.
4) the Effect of Sanpling îime.

Within cerbaj-n ranger we cartt

fron their characterisity, erpec'l;

the fol-Iowing relatio¡r betlvecn the
concentration and stanôard deviation,

S=a+b.C
lvhere S: standard deviation

C: concentration of the sPace

arb: constants
We can reforn this equation into

the next one vlÌ¡ich gives the relatinn
of coefficlent of variation and. the
concentratíon,

s/c=a/c+a
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Using the linear regression methotl
we determined. the constants a and, b
respectively and. then deternined. the
values of coefflcients of variation at
various sampling length of tine which
are shown in 3igs. 4 anð. 5.

It is clearly shown that the low-
er concentration or shorter sampling
tirne give the larger coefficient of
variation.

Es!eci.alIy at concentration as

low as 0.03 p/1 the coefficients be-
come of very large values and. this Ís
aI¡nost same for both bacterial anô

fungal particles.
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Fie. 1. Example of Sacterial Partiele Concentration

Table 1. Average values and, Variation

1430

FACIITlY

OFFICE BUII,DING

SUBTAY STAT]ON
170
460
890
390

I,
1.
o.
o.

Start of lTorkr
r I j

AVSRAGE(p/t)
SÎA}IDARD

DEVIAlION(p/t)

Dec. 19
Dec. 18

Oct. 27
Oct. 27

Apr. 18
Apr. 16

0.0
o.o
o,4
o.5
o.o
0.1

68
35

30
60

30
28

0
0

o
o

0
o

.048

.o47
,503
.260
.027
.o47

bacteria
fungi
bacteria
fungi
bacteria
fungiOUTDOOR
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Fig. 2. Stand.artl Deviation and. Concent-ration (Bacterial particles) Stand.ard Deviation a¡d Concent_ration (r.ungal p"ittci"ãi""-*"-
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Sampling Time (minutes)

Fig. 4. Sampling Time and C.V.s
(Bacterial Particles)
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Sanpling Tine (ninutes)
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Fig. 5. Sarupling lime and C.V.s
(Fungal Particles)


