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Abst.ract

Fungal- and bacterial particle conLamination in air conditioning sysEems

and supply air were investigated in four bulldings Ín Tokyo area. At the
steady åtåte operation the concentration was very low but. the turbulence
such as starting the system, opening the service door or changing filters
during operation of system caused significanL increase. Fungi and bacteria
çere of human and earth origin.

Forward

Recently the indoor air pollution by microbiological particles in air-
conditioned building is att,racEing Ehe attentlon because of its potential
source of infection, a1lergy, conLamination and also as one of indice of
environmental condit.ions.

The concentration of airborne bact,eria or fungi dependent upon many

elements such as occupantsr density and acLivities, quantity exisLing in the
space, and building elements among which the air-conditioning apparaLus
might have important role in modern buildings

This paper is to report the results of measurement of niicrobiological
contaminãtion by the air-conditioning systems in four office buildings in
Japan during summer and winter season operations.

Measurements

The outline of buildings invesEigated is shown in Table l.Elements Lo be
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measured and methods were as follows"

Airborne bacterial and fungal particles: slit-type "ir "urpler 
(M/G 2OOJ)

and 6 stage type Andersen sampler with tripto-soy agar (for bacteria) and
poÈato dextrose agar (for fungi).

Surface bacteria and fungi: swab with paper and incubation same to above
menEioned agar.

Particulate matter: Light scattering type parEicle counter for 5 sizes
(Kc-01 ) .

Bacteria and Fungi were isolated and identified to genus or species.
Tncubation: for bacteria, 37 C 48 hours and for fungi 25 C 72 - 94 hours

incubation was used.

Major parts of measurements were made at the air outlet or diffuser using
skirt-like attachment, also the air conditioner it.self was investigated of
conÈamination along the air flow pat.h. Swab samples v/ere taken at
appropriate positions.

Conditions of tests were as follows.

1. At the first start of air conditioner of the day and following
intentional off and on operation

2. Steady state operation.
3. Intentional turbulenge by moving the role-type air filter, opening and

closing of service poft of the air conditioner or operation of damper
ad3uStment all the air-conditioning system in operation.
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The concentration variation of fungal particles, bacterial particle and
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At the steady sÈate operation,
very low for both total particles,
in Table 2.

the concent.ration is, generally speaking,
fungar and bacreriut.,!?Flttl!,:,..eÎ':loyrn

buch,ras oÞ'"q++g' orr inb¡éc'ç{o,l porL orircharr
rabl-e :increä3'ed in incentration ôf' supply air,

'. i . iì . -i ' .' , .'.,t - a: i "i

.r'r-l' \ :-í-

ginj' ai'
r{hich'ib

,. , .The e¡4mple of. determination of bacterial and funpal oarticles to the
i - , ': :J ' -'f ¡' lY -^

gêñuS i-s shown in'Table 3.';.--'.':,-. - -'ì--

': | ' l-':iì ìf

Discussion

a



7

1. Generation aL start and stoD operation

The quantity of biological particles from the supply outlet at the
starting and sEopping of the operation showed the maximum value at the first
one of the day and decreased or vanished at the subsequent trials. The
amount, changes by the building and system, but, generally speaking, the
amount is less than expected.

The contamination accumulation in air-conditioning system depend upon
many elements such as age and material, structure of the system, the the
qqantiÈy of air transported, environmental condition for fungi or bacteria
in systen and cleaning method. The reason of less amount than expected was
that these buildings were relatively nek' and that these particles which are
loose enough to be removed have been blown off by t,he preceding routine
operation of the sysEem.

2. Generation by the turbulence

0f the turbulence tested the opening of the service port door showed most
significant increase of generation. Especially when the downflow side one of
the air conditioner was opened even visible particles were blo¡n out through
the diffusers.

The main mechanism of generation seemed to be the abrupt increase rate of
air flow caused the take off of seLtled. or attacheid particulate material in
the chamber or air duct

Also vibrations caused by the change of air pressure must be another
reason. The movement of role tyge ai¡ filter release fairly large amount of
particles deposited on it as shówä-ì-n'-fhe Photo L, which \^¡as an example of
fungal particles and mainly consisted of Cladospolium in this case.
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At f resh air inLake of a skyscrape m'á'ny'Bacii,lus
Corynebacterium which seems to be earth origin were isolated.

subtilis and
t' .:

in Changing filters many Cladospolium colonies v¡ere found. 0n coils no
bacLeria nor fungi was isolated. i

3



4

Jpble 1. Outline of Buil.dings Measured I

Names of
Building

Above
Ground / Basäment

Year of
Construction

A. C. System Air volurne' '

Supplied

M

T

H

S

7/2
32/3

196s
r977

1966

L973

Single
Zone
Single
Fl¡or
Single
Floor
Single

Duct

Duct

Duct

4.3 x icj? '3/n2.6 x IO¿

6 1

9 2

/

/

1.4 x 102 ^*

- 4.7 x IO2 x'x'

Duct ì

* interior zone, ** perimeter zone

Table 2. Average ConcentraLion of Supply Air (SLeady State Operation)

Season Name of Binding Funei(P/I) Bacteria(P/1)
S

0.00s
s. -' A. S.

l,linter M

T
H

.03 - 0.005 0.007
(o.006)'- 0.oosì 0.00s(0.Q2)^ 0.004

.oo20
0
0

004
004

0
0

.L2

.0r4
0
0
0

I,1

T
Summer

0.00s0.016

Inter- S o .006 0.0r'-
_ ,ll - :.

001 0.004
t.e

S. . : Slit Sampler, A" S. : Andersen Sampler
-x- Perimeter zone

Table 3-1 Geuns of Åirborne Bacteria
ti;[;t;.diã[ã Season,Bui iding S)

Tab,le.3-2 Genus of Âirborne F'ungi
(lìnter, Buildine H)

Genub. ColoniesGenus 0o.[on t es

!
I

i

t.

I
j

I

Bacillus
Corynebacterium
St r ept omv c es
Kurthia
Staphv lococcus
ltl i crococc us
Aerococc us
Yeast Fungi

Åspergiilus
Penicillun
Scopularis-iç
Paecilomyces'
Âcremoni um 'ì..

llloniliella
}llonillia
Chaetomiun
St achybot ry s
Cladosprium
Yeas t

47
7C
2g
13
10
69
25

I 7

0

I
2

1

0.

1

I
1

2

1

I

14

10

50
l10t ers

0thers. un known

Number of samples : 4 sets

i..", i

I'lumbe¡ of SamPl es : 7 sets

1-
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ì Table 1. Transfer Rate to Other Stages

s2

f

Dn¿ Drr,, diameter

Fig 1. Toransport of perticles
to Other Srages
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?r.0
û.5

16. 0

66. 0

17.7

0.3

.t.0
t2.0

e3. 0

23,3

0.i

0.5

19.0

63.0

16.5

1.0

0.7

15. ,l

6i .0

22.9

0.8

I.t
g0.l
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Collection
Efficiency
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100.2

109.4

98. 0

101.8

9?.4
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