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Abstract

The results of indoor enviromental measurement on the size distri-
bution of alrborne fungal and bacterial particles using Andersen air
sampler (6 stage) which were carried out in 1978-82 in Tokyo area.

The size distribution of fungal particles were similar to log-normal
distribution with peaks (mode) around 3.5um irrespective of seasons,
spaces Or concentration levels. Results of Cladosporium particles a-
lone were almost same..Those of bacterial particles did not show de-
finit distribution types. The difference of those gize distribution
characteristics seem to come from mechanism of liberation into air.
The median of size were around 3.5/Lm for fungi and 5.5 - 6.5 MUm
for bacteria.

Introduction

The characteristics and behavior of airborne fungal and bacteri~
al particles have very strong influence to the mechanism and degree
of contamination, control performance of control measures such as
air filters, and also to the transport and diffusion by air flow.There
are, however, not many quantitative information and studies about
them especially on the gize distribution at actual airborme state.

Of course we have many data on the morphologicalsize of fungal and
bacterial particles, but the behavor of particles of airborne state
must be quite different due to the differnce of density, agglomeration
and co-existent materials.

1If the aerodynamic size range and size distribution of airborme
biological particles are determind,it is very muuch usful to the
evaluation of samplers, the prediction of contamination levels of
indoor enviroment, and the collection efficiencies of air-cleaning

devices and establishment of control measures.
/
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There are not many information of the ‘aerodynanic glze distri-

bution of airborme fungal and bacterial particles {n the field of ¢
engineering. On the other hand we have many studies of the Ander- A
sen samplers which were developed originally for the evalution of
airborne pacterial particles; on their collection mechanisms, ]
analyis of aerodyqamic characteritis, and collection efficiencles Ve

(1, 2, 3, &) i

We would 1ike to introduce the results of measurments on the
concentration and size distribution of fungal and pacterial
particles-in Japanese building of several types mainly air-codition~

ed for the purpose“of providing the basis of engineering control ima
measuresaagainst indoor air pollution by airborne microbiological E?L
particles. st . &

Exgerimenﬁéi N
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Method of collection. For the collectlion of airborneé fungal 1

and bacterial particles, the six stage Andersen:samplera of i
standard type used at 28.31/min flow rate, the sampling time being !
5-15 minutes depending on the circumtances. o \

The samples were collected on agafémedia‘plate, the
colonies were counted after the incubation of 96 hours at 25% (Fungl)
and of 48 hours at 37% (bacteria) . /

' The colonies grown on the pdtatdﬁdexiét;pge agar with chloram=

phénicol wereé counted as fungl and onthe triptosoya agar were as
bacteria. ST : ’

APACS
The lopg time (30—60minutes) slit samplers and light-scatter=

RSET . ) 'ing type afrborne particle counters were also used simultaneously.

i o : i Type of buildings. measured. Six air—conditioned pulldings,

inIusaong

undergroundshobp}hg'centers, subwaj ?tationa and dweling house of
natural yentilation were measured. Each measurements were made for

one=three days. Most df‘the‘air—cpn%ltionéd—building were of office

7 wfe o - purpose. -

i.“:‘:j; Vil 5% ATy BT s : ;'“tj:i . e as

99l qesE LHE. o The collection characteristics of Andersen 8

goln aum Lse Go - The Tange of particles-sizeqj¢ollécped on each stage of the

**hndersgnsamp}qrs_we;e débermindnacpofdiﬁg7fobthe method in out
“pevious report (4): . g iy

' Using the relation-ofhthe‘impap;ipn’p&rameter and collection
.efiiciencggnwghpbta}ned the upper ahd“lod&?’limit of collection
;sizes,-wh&gh”ngg_;hén pxottgd~oq_thg 1ognprobability distribution
~bapen7.a e RN {440 T i .I =

L2 T
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The éffaiéh%Jéfaééiandgibg«up?gi 1imit of preceeding stage

is considered as the cumulative distffﬁhhibn curve of the collecti
qf the stage. The 50% value of these curves are taken a8 the aize
ranges collected on each stage (Fig 1.
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The size distributlon of particles by the Andersen samplers
were determind by the actual measurement of pore sizes by optical
microscope and also these theoretical caluculation.

Method of evalution. -
] The colonies were counted, corrected according to Andersen's
positive hole conversion vable, divided by the range of size col-
lected on each stage, obtained the size distribution at each 1 Mm
range which were plotted in histogram(Fig 2).

Results of Experiments

Average concentration, The concentration of airborne fungal
and bacterial particles are very much influenced by the character-—
atics of activities, type of buildings, seasons, state of maintenance
services and also by the sampling method.

The average values of concentration in various buildings which
were measured: by us were as shown in Table 1.

In air-conditioned office the concentration varies from 0.1
cfu/1-0.3 for -bacterial particles,0.02~0.05cfu/l for fungal particles.
Incases 6f supbway stations-we have much seasonal variation of order of
0:521.4cfu/l for bacteria and:0:2-1.2cfu/l for fungi.

Size distribution. The example of size distribution histo-
. gramof collected particles is shown in Fig 2.

‘Incases of fungi we almost definitly have specific curve, but

ol in cases of bacteria we obtained a variety of types without any defi-
nft ¢I'tendency. If the cummulative distribution of fungal particles
were ‘potted in log-probability paper, they fit straight line farely
well, especially when ‘the average values of 50 samples are plotted
(Fig. 3).
R LT, ¢
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s, . The logzprobabili;chu:ve. The size distributions were fitted
s i, the logfﬁfﬁbability ﬁurﬁaﬁ;?hé.wehgbtained the results that almost
sL‘ugygllfgpﬁffﬁggslﬁpsrticlekpamﬁlé bhb&éﬂ‘the log-normal distribution
with peaks ‘akound 3.5pm. Thé'?ungﬁlkpartiglgs showed this size cha-
racteristics irrespective of seasons, place, or kind of facilities.
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ORI Hae. 55 ,hi‘r;%hé-othexﬂhqnd"”wiyh.bgcﬁerial particles, we obtain various

*Hrumi:“_gqp;geg}iﬁfthémlogﬁnrdbébﬂxityfﬁ? er_ahd not fit the log-normal
curves (Fig 4)¢ Fromthe type of Histogram of bacterial particles,
we usually observe two peaka“ﬁ%ﬁﬁﬁd'gmntﬂndngum or maximum value

iomeag. the largest potion of size fdiige; depending on sample without

¢ Jiﬂ;5aﬂﬁfﬁefiﬁif“teﬂﬂ&nciegqi;Liﬂj - ,

ST bt _ Y D9 e l&.. = e
Hééiaﬁ“ﬂdlueam;Jnggpgfgsénp@£&ve_ughggswendght be able to

use the median values. The fungak partieles show 3-3.5um and bacterial

particles 5.5-6.5pm. The form coincide.with the peak valus, but
,latter nét necessarily, wvith peaks.
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Formation of los-namal curve. In case of fungi, from the mecha-
nism of liberation, spores become airborne not. always.alone but In
chaines or in branch of 2-3 spores to 20- 30 spores which we
acertaind through the microscopic observation. There 18 also the
size differences of spore itself. Therefore, these distribution
are the resurts of product of size distribution of spores itself
and also of the distribution of number of spores agglomerated.

In case of bacteria, they usually do not have mechanism of
liberration for themselves but become airborne through the drying
up of droplet or crushing into powder state with rather high energy.
Therefore, the bacterial particles consequently contain foreign
materials and aerodynamic characteristics are stronglyinfluenced
by these materials other than bacteria.

Size distribution of Cladosporium particles. Of the samples
obtained in subway station enviroment (5) of which determinatlon
of species were made, the size distribution of Cladosporium particles
was plotted on log-probability paper(Fig 5). The plots fit straight
line rather well which show the distribution is similar to log~-
normal ones. There seem to be strong possibility that many kind
of species have similar size distribution characteristics.

Conclusion

1. The size distribution of airborne fungal particles is similar

to log- normal distribution.

2. We cannot see definit distribution curves for airborne bacterial
parficles

3. Median of airborne fungi is around 3 Swm and coincide with the
peak (mode). In case of hacteria the median is 5.5-6. §ALm and does
not coincide with peaks. N

4. The size distribution of airborne Cladosporium particles is
similar ko log-normal ones.

5. The concentration of airqune bacterial particles is air-condition-
ed offices were 0.1-0.3 cfu/l fungal particles were 0.02-0.05 cfu/l,
in subway stations 0.5-1.4 cfu/l for bacteria, 0 .2-1.2 cfu/l for
fungi.
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Fig. 1. collection chatacteristics of stages of Andersén sampler.
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Table 1. Average concentration and settle plate counts.

2i2gettle plate counts Concentration

, (cfu/petri d.5min) (cfu/l)
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Cladosporium particles obtaind
rom subway station samples.
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