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Figure 1. Location of sampling sites

Figure 2. Chart for isolation and identification ...........cccccceeeeeveenenne.
Figure 3. Identification process of genus streptococcus and
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Figure 4. Size distribution of airborne viable bacteria and fungi
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General surgical room Laboratory room

Out door

Figure 1. Location of sampling sites
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7 owoledol2E X B BA

Alm A FHE= six-stage viable particulate cascade impactor(Model
10-800 Andersen Inc, USA)E AF&3le] A4} ¢F ImEoloA] & 2837
o] FEoE 1084 (+ 3%) 371E XA LA Ed gld wA
S ARE7]71e ARt 717] 9 F-E 70% alcohol® A=A shith E
e A vAEAZ FA] usle] AlFE 8]AQ0 Trypticase soy
agar(TSA)(Lot 2087730, Becton Dickinson and Company,USA)+ 37Tl
A 24-48A71%F, A 3tE  HfA|Ql  Sabouraud dextrose agar(SDA)(Lot
3111376, Becton Dickinson and Company, USA)+= A2l 25To|A 724
ool MF A7l F wddE JEtrE 37 FHm)2E ke CFU/m*S ¢ e

2 FASATHA 1, 2).

CFU(Colonies Forming Unit)/m®= Colony counted on agar plate / Air volume(m?®)....2} (1)

Air volume(m?®)=28.3 ¢ /min x sampling time(min)/10%......cccoevevereeunne. 21(2)

FErs ABRAAAZ 430l 334 13 F At Ao wiAE 4



e
—_
= Iz o~
_ % %0 o0 Hﬂ Moo
T W P o o
ioﬁil;; Ls g
< T o e 7w & %
v of -~ Y 5 z g s
T i ‘Ul 71_ O# =< Qo i = EW =18 I_I
.1%&%@% P@HEKM%@H
) Kl To N dlo - L 1”- M- 3° b ~ S
s N | ~ N EW xS = = oy N B 2 Ll
B = B o = g 5 L = ~
T - x® « P 5 o w B o o 3] =
ﬂ [ ll — il ) ) M
) " % = = of T E B A W
Fo% < e 2 X W =) =
b B M W Z - & ™ il g I N I o 2
. n- 3 s ny % \&/ op o E M Wo T R M %
el 2 o= = _™ 5 s e ™ LMn ) o0 ap m
s = T 3 _~ S M o0 B ™ 2 3 %
— @] __AL %] O_ o S ée 5 _I_ 2 S m
s do ® 2 7 = = oy s M o 2
o & GRS m_. MT mg_\ R e . . o =
g S T S o = T u o mf 3 m 3
K o T m ;oT ﬂ O_E oy Eo m %O e W >
m.f M M 5 ‘.uxw‘_ 3 o~ = Hyl _,W_ Wc Eo 25 Ll Ea
N Mu = - Nd o T ok ol Ma o~ ) 2 - H = =
& 6 e o M . il = ol = = S =<
eI F o e = I = = i < -
a o — g _ ! Nd umo, o BH mm X 3 o o)) ,w
o = N H M i o %o B © SL v N
%gogruﬂea@ewym < o
7 o 5 o & ™ e 5 o =" 2
IR Mu_ = M BS o o E oM = 5 olp 2w 2
e jall R 0 - _
aigoM@wﬂwwmwmw "l
= e e h.ﬂu‘_ ‘AmW 3 Lnunw ‘Wﬁ A m ‘VL ol m ,._1/ M 5 (Y
S o0 Mo n A= 2 ol Me m_m _ ° 5 % M*._u ol WW
= R B ® S N X =N S gy - ) g o
£3 i W Qo = W S o ) _ o 5o
1 JHL c N BH — = ox ~o il %o 0 ~o
I = m 2 S © T X T W
T < m - ° o) o c._o Eo Ee o S
a%alwméﬂv }Auo
1 = =T ) = <~ B NS
T o
* 5 & 2 = 2 ) L ﬂe
0 _ o B ® = o}
7 1% ™ mo » <
B o 8 S T
- .Mm MOI
10



Incukation
l 2A-45 hrs at 370

Gram staining

l - | Microscopic observation

Crramm positive cocci

L — | Catalase test

]

!
1
Staphylococcus
} Streptococous
| Mlicrococcus |

Figure 2. Chart for isolation and identification(Bergey, 1984)



Gram

positive cocci and catalase

Blood agar plate

negative

B-hemolysis
S bacitracin R

a-hemolysis
S Optochin R

Group A B

streptococcus

Group D B

streptococcus

+ 6.5% NaCl —

+ BEA —

Group B B

streptococcus

r-hemolysis
+ BEA —

S. pneumoniae

Small Large, mucoid

+CAMP—

+ Hippurate —

Group B B

streptococcus

Enterococcus

non-Enterococcus

non Group A,B

+ 6.5% NaCl

Group D r T

streptococcus  streptococcus

+ BEA -

Group D B
streptococcus

Viridans

streptococcus

B streptococcus

+ 65% NaCl —

Enterococcus

Enterococcus

B streptococcus

Group D

streptococcus

| non-Enterococcus
B streptococcus
Group D

Group D

Figure 3. Identification process of genus streptococcus and enterococcus

CAMP, Christie Atkins &Munch Petersen; BEA, Bile Esculin Azid
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Table 1. Airborne microbes and environmental condition by sampling sites
between 9:00 am and 2:00 pm

Sampling Sampling Bacteria Fungi Temp. R.H! CO, 0C? Vent?
sites time (CFU/m’) (CFU/m’) () (%) (ppm) _ (ppm)
492* (484)3 231 ° 22.5 33.2 830" " 612
9:00 65° 12 15 1.9 110 35
am 6076 253 24.3 36.1 1,000 658
Main 4137 218 20.8 30.7 750 574 3/h
lobby 515(506) 280 * 22.8 32.0 1,200"* 780
2:00 55 23 2.0 2.1 180 41
pm 620 324 24.6 34.8 1,400 834
456 257 20.3 30.3 1,000 726
277(268) * 150 26.5 38.0 870 1,210
9:00 36 11 0.8 0.8 35 30
am 323 173 276 39.1 910 1,245
Intensive 221 . 138 25.1 37.4 850 1,182 5/h
Care Unit 353(344) 180 26.0 37.2 1,000 1,340
2:00 29 11 1.1 0.7 100 46
pm 401 202 273 38.0 1,100 1,392
314 167 24.8 36.6 900 1,298
371(362) * 173" 26.0 43.5 1,200 1,100
9:00 23 16 1.8 1.2 150 51
am 411 198 279 45.0 1,400 1,151
General 343 154 24.3 42.3 1,100 1,078  3/h
Surgical 475(461) * 219" 26.5 41.2 1,100 943
Room 2:00 40 20 2.1 1.4 200 36
pm 528 241 28.7 42.8 1,300 987
411 182 24.1 40.1 950 893
315(307) 218 26.5 34.6 620 769
9:00 40 30 14 2.4 25 26
am 391 260 28.2 36.8 650 804
Laboratory 274 171 24.9 32.3 590 743 3/h
362(356) 235 26.5 35.1 600 745
2:00 13 38 1.6 2.2 35 31
pm 393 294 28.3 37.3 630 786
351 182 247 33.8 560 707
211(211) 104 105 58.3 380 146
9:00 18 4 3.3 31.8 35 44
am 233 119 15.1 91.0 420 151
Out door 178 108* 8.8 41.3 350 81
191(191) 157 135 60.7 350 105
2:00 26 11 24 35.2 30 53
pm 221 161 16.3 94.2 380 118
142 129 11.3 39.6 320 58

! Relative humidity; 2, Odor concentration; ®, Number of per hour ventilation; * , Mean; °, S.D; ¢ Max;
7 Min; ()%, Concentration of non-pathogenic bacteria; *, p<0.05; **, p<0.01 by ANOVA test.



2. "ol ooj2 &9 da A7)

Awts JA 27182 AR A3 1 A (7.0mo] )l A 23.3%, 5 TAI(1.1-2.1
mA 245%= 7P A AAG e, Fad dAvlE YRR 1 @
Aol A 253%9F dure] Ao 5 @A A 272%4 7HE =A 25
H(Table 2). Hete 5 GACA H 612712 7HE =31 6 @A65-1.1

mol A 244702 7} wkoko ™ (Table 4, Figure 4), YAke] A7]d] w&
Mate] Fxeof B 2ol FAAHSRE 793 H tH(p<0.05)(Table 2).

As A A71EZ2 24} 3 23 1 Ao A 398%= 7HY =31 6 T
oA 85%= 7H wof el dx} A7) EEIF Aldtel Hste & AL &
T AT A due] Ao 1 dAlelA 429% 2 7HE =k
TY=A 6 SGAA 41%= 7HE Stk (Table 3). Mol Hd Hehsr
= 1 SAllA 3547, 2 SACA 1727, 3 @AM 11678 &ollon, ¢
Aol A7le] wE X e FEeF FE Aole TAHSRE fFog Aolvt
A A Hp<0.05) (Table 4, Figure 4).



Table 2. Size distribution of airborne viable bacteria by sampling sites

Stages
Sampling Site

Total
6 colony

(%)

Main lobby ~ 94(25.3)°
cu! 48(24.7)
GSR’ 60(20.5)

Laboratory 56(24.1)

Outdoor 28(18.9)

36(9.7)  372(100)

24(12.4) 194(100)

32(10.9) 294(100)

16(6.9) 232(100)

14(9.4)  148(100)

Mean 58(23.3)

25(10.0) 249(100)

! Intensive Care Unit; ?, General Surgical Room; ® Ratio of size distribution(%)

Stage 1; over 7.0um, Stage 2; 4.7-7.0um, Stage 3; 3.3-4.7um, Stage 4; 2.1-3.3um, Stage 5; 1.1-2.1ym, Stage 6; 0.65-1.1m

Table 3. Size distribution of airborne viable fungi by sampling sites

Stages
Sampling Site

Total
6 colony

(%)

Main lobby ~ 56(37.8)°
cu! 24(38.7)
GSR’ 42(42.9)

Laboratory 36(30.0)

Outdoor 19(39.6)

6(4.1)  148(100)

6(9.6)  62(100)

6(6.1)  98(100)

20(16.7) 120(100)

3(6.3)  48(100)

Mean 36(38.3)

8(8.5)  94(100)

! Intensive Care Unit; 2, General Surgical Room; ®, Ratio of size distribution(%)

Stage 1; over 7.0um, Stage 2; 4.7-7.0um, Stage 3; 3.3-4.7um, Stage 4; 2.1-3.3um, Stage 5; 1.1-2.1ym, Stage 6; 0.65-1.1m



Table 4. Size distribution of airborne viable bacteria and fungi by each

stages
Stages
Bacteria 1 2 3 4 5 6 p value
Fungi
57.2! 37.2 30.0 38.0 61.2 24.4 3.6"
Bacteria
23.9 19.1 114 14.8 195 9.6 0.1
35.4 17.2 11.6 11.0 11.8 8.2 6.8"
Fungi
14.7 8.4 8.1 4.7 4.3 6.7 0.0

Stage 1, over 7.0um; Stage 2, 4.7-7.0um; Stage 3, 3.3-4.7um; Stage 4, 2.1-3.3um; Stage 5, 1.1-2.1ym; Stage 6, 0.65-1.1ym

! Mean;

Colonies of bacteria & fungi

2 SD,;

70

60

50

40

30

20

%, p<0.05; ##, p<0.01 by ANOVA test

—— Bacteria
- @ - Fungi

stage1 stage?2 stage3d

Size of bacteria & fungi.

stage4

stageb

stageb

Figure 4. Size distribution of airborne viable bacteria and fungi by
each stages
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TSAu Ao wjFd &7 & Ade A Jgrs =Y 37297,
tg A

T 19477, AW AP A 2047 T, W AN 23275, A 9] 148+
F2 FYRNE b gtk Adel FRA ek B MEs we Y
o EZEgTEEe] RN 602%, WEEel WelPAAd A

19.0%, Corynebacterium<;o] W2l HAFA A 26.7%, Bacillus%:o] Lyt
H Ao Al 194% = 7HE =skom dFo] Fad Aol FAASE f
ol gk Aol 7k A AT (p<0.05)(Table 5).

TSAH A 18070l A wi &gk Alxte]l F w5 1,240 7Heolw &4 A3}
e FTH=  12F oMo R Staphylococcus epidermidis 6267,
Micrococcus species 1827, Corynebacterium 16437, Bacillus subtilis
154%t5~, Enterococcus 181, a-hemolytic streptococcus 127,
Enterobacteriaceae 815, E-coli 5i=+, Klebsiella pneumoniae 2,

1A 71 72 697 o] At (Table 5).

AE 256%, 1R bte 1.2%, 71EF ol 56%E AHA st

Hed TS BHE A A tH(Table 6). HIMAAY 2372 A

N

A9 BEA 1Y ol RERYT F FF BE JAYTE A
H 93%% AAsHTh et delelE PESA For], st )

ol wol FTH= AEHA FUT ALE Ao " £

=
ol
ol
)
Jm

9
oft
)
X
o
fr
Ho
1o
e
)
o

Ao A 27375, AL A 1487 T = ALY
7F A A tHp<0.05)(Table 5).



Table 5. Average microbes colonies and percentage of occurrence
by sampling sites
Classification SamphngL zltes
. t
of Microbe Main lobby 1LC.U! G.SR.?2 aboratory Out door Total(%)
-room
Staphylococcus 224(60.2)° 111(57.5) 114(38.7) 96(41.3) 81(54.5) 626(50.4)
Micrococcu 42(11.2) 23(11.8) 54(18.3) 44(19.0) 19(12.9) 182(14.7)
Corynebacterium 29(7.8) 16(8.3) 36(12.2) 62(26.7) 21(14.2) 164(13.2)
Bacillus 41(11.0) 18(9.3) 57(19.4) 20(8.6) 18(12.1) 154(12.4)
Enterococcus 5(1.3) 3(1.6) 7(2.4) 3(1.3) - 18(1.5)
Streptococcus 2(0.5) 3(1.6) 5(1.7) 1(0.4) 1(0.7) 12(1.0)
Enterobacteriaceae 3(0.8) 2(1.0) 2(0.6) 1(0.4) - 8(0.6)
E-coli 2(0.5) 2(1.0) 1(0.3) - - 5(0.4)
Klebsiella ~4 1(0.5) 1(0.3) - - 2(0.2)
Others 24(6.5) 15(7.7) 18(6.1) 4(1.8) 8(5.4) 69(5.6)
Total(%) 372(100) 194(100) 294(100) 232(100) 148(100) 1,240(100)

! Intensive care unit; % General Surgical Room; ()%, percentage of occurrence sampling sites;

* | not detected



Table 6. Classification of microorganisms

Classification

. . Colony %

of microorganisms
Gram positive cocci 838 68.6
Gram positive bacillus 318 25.6
Gram negative bacillus 15 1.2
Others 69 5.6
Total 1240 100

g, A7 FRd BE A%5

ro
jas)
=

F WeF 4767 FoNA gerel MW gy, okwel Fert 59

A2 4A4Y F oANAUOXCR FEHE wAY A9 7 Pots

=

rr

Cladosporium®] 125(31%), Penicillium®] 101(25%), Aspergillus’} 69
(17%), Alternaria’} 48(12%)< *}A] 3}



SAE AT A A7 BEAM EGTHEES 5 Gl A 33270
2 7F =ko, 3 @A 13670 6 @A 134707 7 vtk A=)
of W XEgFEHe A Atole TAH SR {95 A tHp<0.05).

e

GrdEe 2 dAg 5 AelA  120ME  7HF E=UTHpP<0.01).
Corynebacteriumit 42 5 WAA 7202 7F8 =gou EAgH oz
TostA AUt Bacillustt &2 1 @AA 66702 7Hd =31(p>0.05),
Enterococcusit 32 4 GANA 1770, 5 @A = 157 <ol en =438
How fFofetA] Adtt AfFTHEEL 4 GAANA 30ME T =k
Enterobacteriaceaei %2 6 @Alo| A =doy SAHOZE Fo|stA] &tk
o E-colit= 3 @A, 4 @A, 5 @AANA 22t 1.0719.2.W Klebsiellatt

= 3 SR SAEUNG. VE & dEHE0 FxE GANE Ay
W1 SAA 4202 THE =2 6 Gl A 12702 7HE wkod B
Ao {FostA Zkth(Table 7)(Figure 5).

A A 27 F AT F 4mrlRE 2719 A 615 %H o 7+

Wol 4E¥ LEATFRES JPHon A% Feus Aitelth

4



Table 7. Size distribution ratio of airborne viable bacteria by each

stages
Stages
) 1 2 3 4 5 6 p value
Bacteria
28.0! 19.0 13.6 194 33.2 134 2.8"
Staphylococcus
10.8% 10.1 4.3 9.0 174 6.8 04
) 2.0 12.0 5.8 46 12.0 3.8 5.9
Micrococcus
0.0 51 2.8 2.3 7.1 1.3 0.1
] 6.8 4.6 6.2 4.0 7.2 3.2 0.9
Corynebacteriu
49 3.3 6.1 0.7 2.6 1.7 04
. 6.6 4.8 4.8 4.8 3.0 2.2 2.3
Bacillus
3.6 2.5 14 19 1.7 1.6 0.7
-3 1.0 1.0 1.7 15 - 1.0
Enterococcus
- 0.0 0.0 0.9 0.5 - 04
- - - 3.0 15 1.2 4.2
Streptococcus
- - - 1.7 0.5 05 0.7
- - - 1.0 1.0 15 14
Enterobacteriaceae
- - - 0.0 0.0 0.7 0.3
- - 1.0 1.0 1.0 - -
E-coli
- - 0.0 0.0 0.0 - -
- - 1.0 - - - -
Klebsiella
- - 0.0 - - - -
4.2 34 2.0 3.3 2.3 1.2 2.1
Others

2.2 2.1 1.0 1.1 0.5 0.4 0.1

Stage 1, over 7.0um; Stage 2, 4.7-7.0mm; Stage 3, 3.3-4.7um; Stage 4, 2.1-3.3mm; Stage 5, 1.1-2.1um; Stage 6,
065-1.1im !, Mean; 2, S.D.; ®, not detected; *, p<0.05; * *, p<0.01.
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Colonies of bacteria and fungi
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= ABSTRACT =

The Study of Distribution and Identification

of Airborne Bio-aerosols in Hospital

Lee Chang Rae

Department of Occupational Health
Graduate School of Public Health

Yonsei University

(Directed by Professor Jachoon Roh, M.D., Ph.D.)

This study purposed to examine the distribution and identification of bio-aerosols
floating in the air inside a general hospital with around 450 beds and investigated the
biological and physical environmental indicator of the main lobby, the intensive care
unit, general surgical rooms and the pathologic laboratory as well as of an outdoor of
the hospital as a spot for comparison. The results of this study are as follows.

Temperature and relative humidity in the morning and in the afternoon were similar
among the places except the outdoor. Carbon dioxide in the main lobby was 830ppm
in the morning and 1,200ppm in the afternoon. Odor index was highest as 1,340ppm
at the intensive care unit and, according to the morphological investigation of
microbes, 68.6% were Gram-positive micrococci, 25.6% were Gram-positive bacilli
and 1.2% were Gram-negative bacilli. According to identification microbes, 78%were
Catalase-positive and 75% were Coagulase-negative staphylococci (CNS). Most
microbes floating in the air inside the hospital were non-pathogenic staphylococci but
the concentration (percentage)of pathogenic microbes that affect health was
8.5Colonies Forming Unit(CFU)/m’'(1.7%) at the main lobby, 9.0CFU/m'(2.9%) at
the intensive care unit, 11.5CFU/m’(2.7%) at general surgical rooms and 7.0CFU/m’



(2.0%) at the pathologic laboratory. Thus pathogenic microbes were detected at the
highest level at general surgical rooms and none at the outdoor. From cultivated
microbes were of which626 strains (50.4%) were Staphylococcus, 182 (14.7%) were
Micrococcus, and 164 (13.2%) were Corynebacterium. The concentration of bacteria
by place was 515CFU/m’ at the main lobby, 353CFU/m’' at the intensive care unit,
475CFU/m’ at general surgical rooms, 362CFU/m’ at the pathologic laboratory, and
211CFU/m’at the outdoor. Thus it was highest at the main lobby and general surgical
rooms. According to observing cultivated fungi, 31% were Cladosporium, 25% were
Penicillium and 17% were Aspergillus. The concentration of fungi by place was
280CFU/m’ at the main lobby, 219CFU/m’ at general surgical rooms, 235CFU/m’ at
the pathologic laboratory, 180CFU/m’ at the intensive care unit and 157CFU/m’ at the
outdoor. Thus both the concentration of bacteria and that of fungi were high at the
main lobby. According to measuring the particle size of bacteria and fungi, the
distribution of bacteria by size was concentrated on Stage 1 (over 7um) and Stage 5
(1.1-2.1ym) at similar levels as 23.3% and 24.5% respectively, and that of fungi was
concentrated on Stage 1 (over 7um) at 38.3%. In addition, 61.2% of bacteria and
44.7% of fungi were Stage 3 (3.3/m-4.7m) or smaller, and those below 4/m can cause
respiratory diseases. The concentration of bacteria and fungi over time was generally
high in the afternoon than in the morning at all places.

The concentration of bio-aerosols was high at the main lobby and general surgical
rooms where environmental indicator were poor, and most bacteria and fungi was
non-pathogenic microbes. In order to reduce airborne infections caused by
bio-aerosols at hospitals, it is necessary to take active measures including appropriate

ventilation, regular survey of pollution level and preventive actions.

Keywords: bio-aerosol, aerial infection, odor index, CNS (Coagulase Negative

Staphylococcus), pathogenic microbes, particle size



