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Microbiologic Poliution of Indoor Air in Industrial Work-Places

Kyung-Hee Kang and Myung-Woong Chang*

Department of Microbiology, Kosin Medical College, Pusan 602-702, Korea

Abstract

This study was investigated to isolate and identify the total bacteria and fungi from the indoor air of work-place
of the shoes, paint, stainless steel, and plastic industries. The number of bacterial colonies on the nutrient agar plates
were calculated by the open petridish method for 30 minutes in indoor air of work-places at the autumn and winter.
The isolated bacteria were identified by Gram stain and biochemical test using APl Staph and API 20E kits. The
isolated fungal colonies were identified by gross appearance of the giant colonies and microscopic examination of
their spore and hyphal characteristics on the slide culture method. The minimum inhibitory concentration (MIC) of
several antibiotics against isolated bacteria was determined by the microdilution method with Mueller-Hinton broth.

The 70400 colonies in autumn and 54-236 colonies in winter were isolated from the indoor air of work-places
of several industry. The isolation rates of Gram positive cocci, Gram positive bacilli, Gram negative bacilli, and
Gram negative cocci were 46.3%, 19.8%, 17.3%, and 16.1%, respectively. In Gram positive cocci, the most strains
were identified as Aerococcus spp, Micrococcus spp, and Staphylococcus spp. In Gram positive and negative bacilli, and
Gram negative cocci were identified as Bacillus spp, Pseudomonas spp, and Neisseria spp, respectively. The frequently
isolated fungi were Aspergillus spp, Penicillium spp and Rhizopus spp, respectively. The frequently isolated Aerococcus
spp, Micrococcus spp, and Staphylococus spp were highly resistance against ampicillin, erythromycin, methicillin, and
tetracycline.

These results arouse our attention to microbiologic pollution in the indoor air of work-places of industries.

Key words — Microbiologic pollution, Work-places of industries, Antibiotic susceptibility.
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Tablel 1. Numbers of bacteria and fungi colonies on nutrient agar and sabouraud dexirose agar plates exposed for

30 minutes in the air of industrial factories

Departmentb
Factories Media® B Total
Aut Win® Aut Win Aut Win Aut Win
Pain NA 46* 26* 70t 10 7t 15* 187**  51**
am SDA 1 1 1 1 7 0 g+ 2
FaCtory * % *% * % * % * % * %
Subtotal 47 27 7 1 7 15 1% 53
Stainl NA 115 33** 87* 43* 97* 59* 299%*  135%*
St:‘;’ fjsto SDA 4 15 6 10 2+ 7 2% 3
ry Subtotal 19**  48* 93 53 66 311t 167
s NA NT¢ 78 NT 66 NT 4 NT 148
;i ‘t’es SDA NT 4 NT 4 NT 0 NT 8
actory Subtotal NT 82 NT 70 NT 4 NT 156
Plastic NA 4 9 7 6 43* 25* 54 40
SDA 4 5 3 1 3 2 10 8
factory
Subtotal 8 14 10 7 46 27 64 48

‘NA, Nutrient agar plate ; SDA, Sabouraud dextrose agar plate

*Shoes factory- A, mixing ; B, forming ; C, packing ; Paint factory- A, color mixing ; B, resin ; C, water paint ; Stainless steel
factory- A, cutting ; B, press & grinding ; C, frame & packing ; Plastic factory- A, mixing ; B, forming ; C, frame & packing ;

‘Aut, autumn ; Win, winter; “NT, not tested
*p<0.05, Significantly different from the autumn and winter
**p<0.01, Significantly differnet from the autumn and winter
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HB)AA 7H&ol 500%, A&l 500%, A=A
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Micrococcus spp7} Bol Eel5 911, Gram S47FdE& A
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71%, ALl 100%, CHEANA 7180 339%, HEo
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%ol ZYHUL. Gram FATTE AFAoA 7h&d
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%ol FYHUL, Gram SANTE ARX A 7HEof
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Table 2. Isolated microorganisms on nutrient agar plates in the work-places of paint factory

Department”
Organism A B C
Aut Win® Aut Win Aut Win
Gram(+)Cocci 9(21.4) 3(10.3) 35(50.0) 5(50.0) 19(33.9) 6(40.0)
Aerococcus spp 5(10.9) 3(10.3) 32(45.7) 2(20.0) 16(22.5) 3(20.0)
Micrococcus spp 4 87) 0 3( 4.3) 2(20.0) 3( 4.2) 3(20.0)
Staphylococcus spp
S. aureus 0 0 0 1(10.0) 0 0
Gram(-)Cocci 20(47.6) 2( 6.9) 5( 7.1) 1(10.0) 19(33.9) 2(13.3)
Neisseria spp
N. animalis 0 0 0 0 0 1( 6.7)
N. elongata 8(17.4) 1( 3.4) 4 5.7) 0 0 0
N. flavescens 12(26.1) 0 1( 14) 1(10.0) 5( 7.0) 1( 6.7)
N. pharyngis 0 1( 34) 0 0 14(19.7) 0
Gram(+)Rods 2( 4.8) 17(58.6) 7(10.0) 4(40.0) 4(71) 5(33.4)
Bacillus spp
B. alvei 2( 4.3) 0 0 0 0 0
B. cereus 0 1( 3.4) 0 4(40.0) 0 1( 6.7)
B. megaterium 0 0 0 0 0 1{ 6.7)
B. pumilus 0 1( 34) 0 0 0 0
B. subtilis 0 1( 3.4) 0 0 0 0
B. thuringinesis 0 5(17.2) 0 0 0 0
other 0 3(10.3) 0 0 0 0
Actinomyces spp 0 1( 3.4) 0 0 0 1( 6.7)
Corynebacterium spp 0 1( 3.4) 0 0 0 0
C. hofmanii 0 0 1( 1.4) 0 0 0
C. uicerans 0 0 1( 1,4) 1( 1,4) 0 0
Kurthia spp 0 0 2( 29 0 4( 5,6) 1( 6.7)
Nocardia spp 0 0 1( 1.4) 1( 14) 0 1( 6.7)
Unidentified 0 4(13.8) 2( 29 0 0 0
Gram(-)Rods 10(23.8) 7(24.1) 23(32.9) 0 14(25.0) 2(13.3)
Acinetobacter spp 0 0 9(12.9) 0 0 0
Entrobacter spp 0 3(10.3) 0 0 0 0
Klebsiella spp 0 0 0 0 4( 5.6) 0
Pseudomonas spp
P. aeroginosa 0 0 2(29 0 0 0
P. maltophilia 3( 6.5) 0 12(17.1) 0 5( 7.0) 2(13.3)
P. paucimobilis 7(15.2) 3(10.3) 0 0 5( 7.0) 0
Unidentified 0 1( 3.4) 0 0 0 0
Total 42(100.0) 29(99.9) 70(100.0) 10(100.0) 56(100.0) 15(100.0)

°A, color mixing ; B, resin ; C, water paint
b . .
Aut, autumn ; Win, winter
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Table 3. Isolated microorganisms on nutrient agar plates in the work-places of stainless steel factory

Department’
Organism A B C
Aut Win” Aut Win Aut Win
Gram(+)Cocci 33(33.7) 23(74.2) 39(44.8) 15(34.9) 38(47.5) 2( 35)
Aerococcus spp 12(10.4) 8(24.2) 21(24.1) 13(30.2) 33(34.0) 2(34)
Micrococcus spp 21(18.3) 13(39.4) 14(16.1) 2(4.7) 0 0
Staphylococcus spp
S. aureus 0 2( 6.1) 4( 4.6) 0 5( 5.2) 0
Gram(-)Cocci 36(36.7) 0 27(32.5) 2( 47) 13(16.3) 0
Branhamella spp
B. catarrhalis 9( 7.8) 0 4( 4.6) 0 0 0
Neisseria spp
N. elongata 16(13.9) 0 9(10.3) 0 8(8.2) 0
N. flavescens 11( 9.6) 0 0 0 4(4.1) 0
N. pharyngis 0 0 2( 2.3) 0 1(1.0) 0
Unidentified 0 0 12(13.8) 2(47) 0 0
Gram(+)Rods 9(9.2) 8(25.8) 6(7.2) 20(46.5) 12(15.0) 43(78.1)
Bacillus spp
B. alvei 0 1( 3.0) 0 0 0 0
B. cereus 0 0 1{ 1.1) 1( 2.3) 5( 5.2) 15(25.4)
B. firmus 0 0 0 0 1( 1.0) 0
B. licheniforms 0 0 0 2( 4.7) 0 0
B. marcerans 2(17) 0 1( 1.1) 0 0 0
B. megaterium 1( 0.9) 1( 3.0) 0 4( 93) 0 9(5.3)
B. polymyxa 2(17) 0 0 0 0 0
B. pumilus 0 0 0 0 0 5( 8.5)
B. sphaericus 0 0 0 0 0 6(10.2)
B. subtilis 0 1( 3.0) 0 4( 93) 1( 1.0) 0
Actinomyces spp 0 0 0 1( 2.3) 0 0
Corynebacterium spp 0 4(12.1) 0 0 0 0
C. hofmanii 0 0 2( 23) 0 0 6(10.2)
C. ovis 0 0 0 2( 47) 0 1( 1.7)
Kurthia spp 0 0 1( 1.1) 1( 2.3) 0 0
Listeria spp 0 3( 2.6) 1( 1.1) 0 0 0
Rothia spp 1( 09) 1( 3.0) 0 2(47) 5(52) 0
Unidentified 0 0 0 3( 7.0) 0 1( 1.7)
Gram(-)Rods 20(17.4) 0 15(18.1) 4( 9.3) 17(21.2) 10(18.2)
Enterobacter spp 0 0 6( 6.9) 0 0 0
Pseudomonas spp
P. aeruginosa 0 0 0 0 0 3(5.1)
P. maltophilia 13(11.3) 0 5( 5.7) 4 9.3) 9( 9.3) 0
P. paucimobilis 7( 6.1) 0 3( 34) 0 0 0
other 0 0 1 1.1) 0 0 0
Unidentified 0 0 0 0 8( 82) 7(11.9)
Other 0 0 0 2( 4.7) 0 0
Total 98(100.0) 31(100.0) 83(99.9) 43(100.1) 80(100.0) 55(100.1)

*A, cutting ; B, press & grinding ; C, frame & packing
b . .
Aut, autumn ; Win, winter
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Table 4. Isolated microorganisms on nutrient agar plates in the work-places of shoes factory

Department’
Organism A B
Aut Win® Aut Win Aut Win
Gram(+)Cocci NT* 50(64.1) NT 35(92.3) NT 3(50.0)
Aerococcus spp 9(11.5) 1( 2.6) 3(50.0)
Micrococcus spp 34(43.6) 30(76.9) 0
Staphylcoccus spp
S. aureus 7( 9.0) 3 77) 0
S. epidermidis 0 1( 2.6) 0
Gram(-)Cocci NT 5( 6.4) NT 0 NT 0
Neisseria spp
N. elongata 3( 3.8) 0 0
N. pharyngis 2( 2.6) 0 0
Gram(+)Rods NT 13(16.7) NT 3(77) NT 3(50.0)
Bacillus spp
B. alvei 1( 1.3 0 0
B. cereus 0 2( 5.1) 0
B. licheniformis 1( 1.3) 0 0
B. marcerans 1( 1.3) 0 0
B. megaterium 2( 2.5) 1( 2.6) 3(50.0)
B. pumilus 3( 3.8) 0 0
Corynebacterium spp 1( 1.3) 0 0
Kurthia spp 1( 1.3) 0 0
Listeria spp 1( 1.3) 0 0
Norcadia spp 1 1.3) 0 0
Unidentified 1( 1.3) 0 0
Gram(-)Rods NT 10(12.8) NT 0 NT 0
Pseudomonas spp
P. maltophilia 5( 6.4) 0 0
P. paucimobilis 4( 5.1) 0 0
Unidentified 1( 1.3) 0 0
Total NT 78(100.0) NT 39(100.0) NT 6(100.0)

‘A, mixing ; B, forming ; C, packing

bAut, autumn ; Win, winter
‘NT, not tested

HEAEFTZEA (AN ALl 641%, 4 FHFM(B)
A ALl 923%, EFFHREONA AL 50.0%E
Aerococcus  spp9t  Micrococcus  spp7t Bol R EAL,
Gram 24772 A¥AMAYX ALl 64%, BEA A A

320 / A3 }ers)A]

2ol 0%, CEAA ALl 0%F Neisseria elongatas} N.
pharingis7} ®2) 5|9t} Gram FAFS ARAMX A

£ 16.7%, BRANX A& 7.7%, CEAA AL
50.0% = Bacillus spp7} E&)H U1, Gram SA7HHS AR



AblR AdgAe] Au FU1dM PE LH®

Aol A A& 128%, BEMAA AL 0%, CHA A
AL 0%E Pseudomonas maltophilia®t P. paucimobilis7}
= A

4) E2E AF AAPA AN EoE gt
Aol F57 3 £e& (Table 5)

Zetag AF ANEA A9RAA EelE Gram ¢

ATde HFFHFA(A)AA 7Hl 0%, Azel 11.1%,

R B)A 7hgol 0%, A2l 286%, £H R
IAFHEAQOANA 712l 139%, A&l 75.0%Z Aer-
ococcus sppSk Micrococcus spp7} Beol #eH A, Gram
FATEE ARXAM Thgol 0%, Aol 11.1%, BF-A
o X 7h&ol 60.0%, 7&ol 0%, CE-AolA 7420 194%,
A&l 0% Neisseria elongatas}t N. flavescens7} #2815 S
. Gram $A7HEe AFAAM 7h&ol 66.7%, 7E0l

Table 5. Isolated microorganisms on nutrient agar plates in the work-places of plastic factory

Department’
Organism A B C
Aut Win” Aut Win Aut Win
Gram(+)Cocci 0 1(11.1) 0 2(28.6) 5(13.9) 12(75.0)
Aerococcus spp 0 0 0 0 4( 93) 2( 8.0)
Micrococcus spp 0 1(11.1) 0 2(28.0) 1( 2.3) 7(28.0)
Staphylococcus spp
S.aureus 0 0 0 0 0 1{ 4.0)
Unidentified 0 0 0 0 0 2( 8.0)
Gram(-)Cocci 0 1(11.1) 3(60.0) 0 7(19.4) 0
Neisseria spp
N. elongata 0 0 0 0 5(11.6) 0
N. flavescens 0 1(11.1) 0 0 0 0
Unidentified 0 0 3(60.0) 0 2( 47) 0
Gram(+)Rods 2(66.7) 2(22.2) 0 3(42.9) 10(27.8) 4(25.0)
Bacillus spp
B.alvei 0 1(11.1) 0 0 1( 2.3) 0
B. coagulant 0 0 0 0 0 1( 4.0)
B. cereus 1(33.3) 0 0 0 1{ 2.3) 0
B. licheniforms 0 0 0 1(14.3) 0 0
B. megaterium 1(33.3) 0 0 2(28.6) 2( 47) 1( 4.0)
B. subtilis 0 1(11.1) 0 0 0 0
Corynebacterium spp 0 0 0 0 0 1( 4.0}
C. ouis 0 0 0 0 2( 47) 0
C. vaginale 0 0 0 0 2(47) 0
Kurthia spp 0 0 0 0 0 1( 4.0)
Listeria spp 0 0 0 0 1( 2.3) 0
Rothia spp 0 0 0 0 1( 2.3) 0
Gram(-)Rods 1(33.3) 5(55.6) 2(40.0) 1(14.3) 13(36.1) 0
Pseudomonas spp
P. maltophilia 1(33.3) 0 0 1(14.3) 7(16.3) 0
P. paucimobilis 0 5(55.6) 2(40.0) 0 5(11.6) 0
Serratia spp 0 0 0 0 1 2.3) 0
Other 0 0 0 1(14.3) 1( 2.3) 0
Total 3(100.0) 9(100.0) 5(100.0) 7(100.0) 36(100.0) 16(100.0)

‘A, mixing ; B, forming ; C, frame & packing
t'Aut, autumn ; Win, winter
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LA HAYoIN 22 sHE AP

SDAs| A wiekd z+ A7 o] Hehd 543 &
o AA w7z 93 53 ZAPe Table 634 20 A
LA EAA ] AP Ao Ee® AdL Peni-
cillium spp, Trichoderma spp, Aspergillus sppo] Atk E3A
A AN Fheel Eeld JF Rhizopus

Table 6. Isolated fungus on the sabouraud dextrose agar plates in the work-places of the industrial factories

, Department’
I?dUSt.ml Fungi A B C Total
actories

Aut  Win Aut  Win Aut  Win Aut  Win
Aspergillus spp NT* 0 NT 1 NT 0 NT 1
Shoes Penicillium spp NT 2 NT 0 NT 0 NT 2
Trichoderma spp NT 2 NT 0 NT 0 NT 2
Total NT 4 NT 1 NT 0 NT 5
Penicillium spp 1 0 0 0 0 0 1 0
Paint Rhfzopus spp 0 1 1 1 5 0 6 2
Trichoderma spp 0 0 0 0 2 0 2 0
Total 1 1 1 1 7 0 9 2
Absidia spp 0 0 0 3 0 0 0 3
Aspergillus spp 0 10 1 5 0 1 1 26
Cephalosporium spp 0 0 0 0 0 3 0 3
Cladosporium spp 0 1 0 0 0 0 0 1
Cuvularia spp 1 0 0 0 0 0 1 0
Stainless  Penicillium spp 2 2 3 2 2 1 7 5
steel Rhizopus spp 0 0 0 0 0 1 0 1
Scopulariopsis spp 0 1 0 0 0 0 0 1
Syncephalastrum spp 0 0 1 0 0 0 1 0
Trichophyton spp 0 1 0 0 0 0 0 1
Unidentified 1 0 1 0 0 1 2 1
Total 2 7 6 10 4 15 12 32
Alternaria spp 0 0 0 0 0 1 0 1
Aspergillus spp 1 0 1 0 0 0 2 0
Fonsecaea spp 0 0 0 0 0 1 0 1
Microsporium spp 0 0 1 0 0 0 1 0
Plastic Penicillium spp 3 2 0 1 3 0 6 3
Philadophora spp 0 1 0 0 0 0 0 1
Trichoderma spp 0 1 0 0 0 0 0 1
Unidentified 0 1 0 0 0 0 0 1
Total 3 2 3 1 4 5 10 8

*Shoes manufacturing/ A, mixing ; B, forming ; C, packing
Painting products/A, color mixing ; B, resin ; C, water paint

Stainless products/A, cutting ; B, press & grinding ; C, frame & packing

Plastic products/A, mixing ; B, forming ; C, frame & packing
"Aut, autumn ; Win, winter
NT, not tested
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spp, Trichoderma spp, Penicillium sppolR o™, A&l £
B AdL Rhizopus spp7t FE oAk

2 2AE AU AdAM FE A
Aspergillus spp, Penicillium spp, Absidia spp, Cephalosporium
sop Folth Bh2EAE AAGA S APl e
H A& Penicillium spp, Aspergillus spp, Alternaria spp
FolATh 7 A HPAAA el W sHEHT
Aol o gtod, EeE FF5L Hsi

At oM galulzit 22 Mool iz
7I:||v£|\_/H

7 dA AdRelA Rl $HE AT F el
7} E-& Aerococcus spp, Micrococcus spp, Staphylococcus spp,
Pseudomonas spp 5o W@ FHER 97 A
© Fig 149} 2t}

AgH A 2@ Aerococcus sppe 7 FHE
Ao W& MIC o7 MIC o 217 ampicilline] 0.5ug/
ml, 8.0ug/ml, cephalotino] 1.0ug/ml, 8.0ug/ml, eryth-
romycin®] 2.0ug/ml, 128ug/ml ©]/3, gentamicin®] 0.125
ug/ml, 4.0ug/ml, kanamycine| 8.0ug/ml, 128.0ug/ml,
methicillino] 8.0ug/ml, 128.0ug/ml, tetracyclinee] 4.0
ug/ml, 32.0ug/ml, vancomycin®] 0.25ug/ml, 4.0ug/ml°]
Atk

Ated 2 Aol A Eel® Micrococcus sppd] 2t S E

—— AM
—&—CT
—A—EM
—%—GM
—¥— KM
——NMC
——T1C
——VM

Cumulative %

16 3 64 128 256

01302505 1 2 4 8
Concentration(ug/m)

Fig. 1. MICs of several kind of antibiotics for 53 strains
of Aerococcus spp determined by the broth dilution
method.

AM, ampicillin ; CT, cephalotin ; EM, erythromycin ;
GM, gentamicin ; KM, kanamycin ; MC, methicillin ; TC,
tetracycline ; VM, vancomycin

— M
—+CT
—4— M
—*—GM
—%— KM
—~M
—+TC
—VM

Cumulative %

013005 1 2 4 8 16 2 64 1B2D
Concentration{ug/m)

Fig. 2. MICs of several kind of antibiotics for 34 strains
of Micrococcus spp  determined by the broth
dilution method
AM, ampicillin ; CT, cephalotin ; EM, erythromycin ;
GM, gentamicin ; KM, kanamycin ; MC, methicillin ; TC,
tetracycline ; VM, vancomycin

120
100 —— AM
a1
® 80 ——EM
2 —%—GM
$® —— KM
E » ——MC
© ——TC
0 ——VM

o

01302505 1 2 4 8 16 X 64 128 256
Concentration{ug/m)

Fig. 3. MICs of several kind of antibiotics for 25 strains
of Staphylococcus spp determined by broth dilution
method
AM, ampicillin ; CT, cephalotin ; EM, erythromycin ;
GM, gentamicin ; KM, kanamycin ; MC, methicillin ; TC,
tetracycline ; VM, vancomycin

Aol thdt MICy3 MICqe Zr2t ampicilline] 0.5ug/
ml, 2.0ug/ml, cephalotino|1.0ug/ml, 16.0ug/ml, erythr-
omycin®] 4.0ug/ml, 128.0ug/mle]4}, gentamicino] 0.25
ug/ml, 8.0ug/ml, kanamycin®] 4.0ug/ml, 128.0ug/ml ©}
2}, methicilline] 8.0ug/ml, 32.0ug/ml, tetracyclinec] 1.0
ug/ml, 16.0ug/ml, vancomycine] 0.25ug/ml, 8.0ug/mlo}
oich

A AN B2l @ Staphylococcus sppe] 7+ A
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Fig. 4. MIGs fo several kind of antibiotic for 28 strains

of Pseudomonas spp determined by the broth
dilution method.

AM, ampicillin ; CT, cephalotin ; EM, erythromycin ;
GM, gentamicin ; KM, kanamycin ; MC, methicillin ; TC,
tetracycline ; VM, vancomycin

=40 g MICst MICw 22 ampicilline] 0.5ug/
ml, 2.0ug/ml, cephalotino] 1.0ug/ml, 16.0ug/ml, ery-
thromycino] 128.0ug/mlo]4}, 128.0ug/mlo]) 4}, gentamicin
o] 0.125ug/ml, 4.0ug/ml, kanamycino| 2.0ug/ml, 128.0
ug/ml, tetracyclineo] 8.0ug/ml, 128.0ug/mlo]4}, vanco-
mycin®] 1.0ug/ml, 64.oug/mlo] 1t}

AAA Qg M £ Pseudomonas sppe) 2+ A
E4d g MICsxt MICx2 27 ampicilline] 1.0ug/
ml, 64.0ug/ml, cephalotine] 32.0ug/ml, 128.0ug/mlo} 4},
erythromycine] 0.5ug/ml, 64.0ug/ml, gentamicino] 0.5
ug/ml, 16.0ug/ml, kanamycin®] 4.0ug/ml, 128.0ug/mlo]
%, methicillino] 32.0ug/ml, 128.0ug/mle]4}, tetracycline
°] 1.0ug/ml, 32.0ug/ml, vancomycino] 4.0ug/ml, 128.0
ug/mlo] ol k.

a

]

AR o3 FU)edE AL Y3 woere
g 7hA} ol E I gloy, B Afe] AMEF wjA 2
Yl 29 (Settling plate method)S A3 ZH] o) 744
A & AHE HDAD AN £ 9on 9B g
A4 AokE B4 L@, 3719 f50) A gL Ax
9} 371%F vIAE AAMHoEE F9R)7} Erhe K34

of 2Ast ATt Hakd o AHE A T35

8
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Zt FRARAE zole Aded ole AE 2 71E A
HEo] go] =38 278 MY AAAo= AA
o] A7EE YAl 49 Algdh At o nE
Az AFAGMT vnd B Galgo] AgHon
53] i3t d FERANAM Bked oA YAz T
Aol Ae A oA £30] Po] wasly) gFo
2 AtgEn g dabae] 713 JA 2AlE SepaE
AF AAGA S ZAee 24 2o FL B¢ 49
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o fr
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o] Areococcus spp, Micrococcus spp, Staphylococcus spp$ 2.
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