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Abstract

The purpose of this study was 1) to investigate the effect of drycleaning on the removal of

microorganisms according to on the conditions or the kinds of drycleaning solvent about the

quantity of microorganism which remains in kinds of the drycleaning solvent and the sludge

after drycleaning. 2) to investigate the removal effect of :microorgnisms in useing drycleaning

solvent repeatedly. 3) to investigate the kinds of microorganism living in textiles.

The results of this study were as follows;

1) less microorganisms remains in perchloroethylen than in petroleumn solvent. The most

microorganisms was isolated at the beginning stage during the drycleaning.

2) In fresh drycleaning solvents, Pseudomonas aeruginosa ATCC 27853, Staphylococcus aureus
ATCC 6538. and Candida albican 10529 were killed immediately, while in case of petreum
solvents used for 6 months-drycleaning, Pseudomonas Aeruginosa ATCC 27853 were survived

a lot of still in 17 days.

3) On the kind of bacteria in textile goods, Pseudomonas acidovorans and Erysipelothrix

rhusiopathige are isolated, a genus Rhodotorula is observed through microscope.

On the kind of fungi in textile goods, genus Penicillium and genus Aspergillus are found

through microscope, genus Cadida and genus Trichophyton are found with shapes.
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L &8 =2jo|22ld zHye] 84 2 Sldgeof
2tet o|gE

1-1. A|E2| =iz

1993, 7. 19~8. 167tA] x&AlWell 4xg 2372
LetolZeYdg Adss ZAE g3siach &4
9 AF+£ B 2§ cap tubeo] pipetted A3
o AfAE EAE 37149 &4, 2AE Ao
5%, 30 Fo &4, wAd FAE AP,
LAE AT 7Y &R, ZAE A5t 2
T, 108 Fo &4, 2iy L41F N sle] ca)o
2y AAEE LAl EAse = AES ZAwg
o, olwfel] ZAzke} Ao LAE AP wjc} 3
g Asle] ELIGct 425 AH LW =8jo)F
2R RAF] FTHE A, ¥k, gekes,
sl Folgla AELEe Aoln sludger %9 =
golgei st W RE 1g AFsgrh A2E A
FAg x| Az Table 19} 7}

sludge A|E+ tubee]] 1g¢] sludged 2. 9mle)
=425 7} Cenco-Power Mixer(Cenco Instru-
menten B.V. Co.) & AMg3te 18 Hqb walksle]
sludgeell = F-& dFez FAF 442 10
Wl EAAldE abe) AHEsheTh

1-2, B 9 FEba= A4

sludge o] o]A-EL clean bench alel|A] 3 3AL
9] Tryptic soy agar(Difco Co.), MacConkey agar
(Difco Co.), Sabouraud dextrose agar (Difco Co.)
of Z+ 34 AbY AL 0.1mly =il
Tryptic soy agar, MacConkey agar+ 37°C2| incu-
batorel| 4] 484)ZF wRekElw
agar+ 28°C 9 incubatorell4] 597} wjaksiaios &
Al oldE-e EetolEelyd 2 FAHolM HHY &
A% 0.1ml¥ sludgest 5 who g wjopslgrh
sludge % 249 £ AF4++ Tryptic soy agardl
A, a2%EAF-2e MacConkey agarof) 4,
Counter (America Optical Co.) & A-83led Hal+2

Sabouraud dextrose

Colony
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Table 1. General characteristics of drycleaners

BEAIEE A

Solvent Drycleaners Uksing period Volume Cycle used Reference
code of solvent (Kg) /day
(month)

1 1 12 1 exchange of filter & carbon once
four months. machine cleaning
once a month.

2 2 8 3 exchange of filter & carbon once
four months. machine cleaning
once three months.

3 6 15 3 exchange of filter & carbon twice
a year.

Petroleum 4 2/3 12 1

5 5 12 1

6 1/15 12 2

7 1/2 15 1

8 8 8 2

9 2/3 8 2

10 1.5 16 2
11 1/2 16 2
12 8 12 2

1 1/10 16 5-6 distillation of solvent once a
month.

2 1/3 12 3 distillation of solvent once twice
months.

3 2/10 12 4 distillation of solvent once two

: months.
Perchloro 4 1/15 12 2
~ethylene 5 1/30 12 2

6 1/10 12 3

7 2/3 12 3

8 1/15 16 4

9 1/3 12 6

10 2/3 12 2
11 1/30 12 4
A4k wheh pipette2- AL-&3te] cap tubeoll #F3}gich
oc::]i - o’ ol u) 01,\_9_‘}._1:_ ol =
B RS MBS 8BNS s v 3 488 Aol 8 SRR T4
© O = —_ =2 g
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e Aew HE2olge 15 Ao (B FEgER e
it) & A-&stgdch

2-2. A2l B2 & HI=R!

A AHN ARA, d4A F LR 4 4
A A7 HAFE =BEslr] Asd 9F7)
(Millipore Co.) kel pore size?} 0.2.mgl nylon 6,
6 membrane filter (Alltech Co.) & 23 aspirator
(Tokyo Rikakiai Co., A-35) 2 aj&2 &5 &
il A7 BAE HEAdeE s, FF AW
£ uwi=jq} thioglycol]ate brothel $g =HF3 £A
7} g% BFHGEHE Al A 0.1mlH u)
o}sted ws}am

2-3. AIHTT

T AR BAls) BHGE SShele 33 o
A ofd AAEL AR BTl gat BAE
2257 ATel WEARD A BABE ol
& RFAD e ASAENN YHeE AHE
SAEe BEY $A0) ANHoz ANFRE ol
a) 8% AWFRE e 2,

- Staphylococcus aureus, ATCC No. 653834 3
Agrolm] ekl AQAFo] R AT

+ Pseudomonas aeruginosa. ATCC No. 278532 =
A a3 ATl 5F5

- Candida albicans 1025934‘1 CandidaZ2] %<9
& Ags3ch

2-4. A|HE oT2| vt

Shake flask:( H AMMEM SR EM TG HEAR
Fi) Bol wkek A\ Stk

1) @ o

Pseudomonas aeruginosa ATCC 27853, Staphylo-
coccus aureus ATCC 6538, Candida albicans 10259 A
W A eiekste] FAEAZ F ARG A A
EFoRNH wF 522 13 o]4sle] 37Tl 24
A] Z}  shaking incubator (Vison Scientific Co., VS
-8480 SR)ell 4 wieFslolct,

2) # ufjet

nutrient brothe] 12| #ij =\ekig 7zt
37CoAl A 20417k At i okatedeh,

3) AT siEtoy

Aol & wofol A @& wjokd-E nutrient broth o
A = 1lml w 1.5~3.0x10%] ===2 Vitek

_0,

mfn

SREE
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Colorimeter (Hach Co., 41100-71 U.S.A) & &=l
< dqlatdsh A Ay g@etelS QlakskR £
(pH 7+0.2) 2.2 109 Bl43ted 1.56~3.0x107/mlz
Eiaiod

2-5. Wk EXolMe] A" Hal

9)e] 7t "HFF £ 12milel] 1.5~3.0%107/mls]
7t A"EE 0.24ml¥ FF3le] 37°CH  shaking
incubatorell A et whoksis et ATAHE Fits))
Hsted, 14174, 3417k, 62413F, 9417k, 19, 3%, 5%,
7, 119, 159, 179 7HA Aste 5 AR
0.1ml¥ FH3lof B ZAstgeh,

9-¢. uHob gl ElEkt AL

Pseudomonas aeruginosa ATCC 278538 $¥.& &
A+ MacConkey agar®l,
ATCC 65382 w2 &A% Mannitol salt agare],
Candida albicans 102595 2¢ $X+ Sabouraud
dextrose agarel] 0.1ml¥ wjeksled 37C9 incuba-
torol|l 4] 48417} =iek F A AF 2 F45 AAbst
sk,

3. 0j¥Ee 2| S A yoly AE

Staphylococcus aureus

Agretelgely &4, sludgedls Fei¥ F5F
o 294 A o A¥gee 4L golgos
H73stm #u]73 (Nikon Co., Fx-35A Japan)ol Ha}

4 Aoletz Bgagich 2 F FFE A%ud 5
A8 ey 4 9l Vitek System(Mecdonnell
Douglas Health System) & o83l F& 569

o},

m. &=t g o3
1. 24 % Sludge ofM2| o|ME

1-1. S2jo|g2ld WS UFOlA
of 4& 5H= ojMg

44 selolZeYete Fob AFeld ¥l &
Aol AESE ClAEFE ZA] A AfAE
5% (code 8~12), A4AlE 93 (code 3~11)olA =
golZed SgEz 445 ARt 44AE =
gho] 22| Y% 3] A9) 44, 2AE Ao 5,
0% ¥ 44, 2R $4T A daAE
=ejolFed g B7lde &4, A 23, 10% ¥

Ha|slo] B

n.]ru fr

ob:) o'p:)

—551 —



160 BEKARP AT

Table 2. Total count of viable microorganism isolated from clothing & textile goods during dryclening with
petroeum solvent (cell/ml)

Sample No.
Micro-
. 1 2 3 4 5
OIZanism
Condition
. Bacteria 540 40 10 - 100
Before washing .
Fungi 20 10 - 40 350
. 5 Bacteria 4,100 100 - 540 1,790
Washing Fungi 20 20 — 500 4,380
(min.) g | Bacteria 820 240 - 50 1,630
Fungi 10 10 - 10 380
i Bacteria 820 10 - 20 20
Extraction
Fungi 20 10 - - 10

— ! no isolation

Table 3. Total count of viable microorganism isolated from clothing & textile goods during drycleaning with
perchloroethylene (cell/ml)

Sample No.
Micro-
ere 1 2 3 4 5 6 7 8 9
organism
Condition
Bacteria 50 30 140 20 10 40 - 20 180
Before Fungi - 10 - - - 10 - i —
washing Gram - 70 40 - - 50 - - -
negative bacteria
Bacteria 130 160 230 80 10 80 10 10 93
Fungi 10 - 10 - 10 10 - - -
2 Gram - 30 30 - - - - - -
Washing ‘ I“negative bacteria B
(min.) Bacteria 20 9% - 3 10 6 10 - -
Fungi 10 - — 10 — 10 - - =
10 Gram - - 30 10 20 60 - - -
negative bacteria |
Bacteria - - 300 30 20 10 —117
Extracting Fungi i - -— - - - -~ - - -
Solvent Gram negative i - —- 20 - - 10 - - -
\

|
j bacteria

SA|, =g LAF AFste] sobo]FEy FHYRE LA 24 12803 L9 L) wa} celo)F
o) 5o vldg AAENE ZARES 4] 3 Ho 2l Aolsie] B4l Alzke] A7 thzmz 24 AFH
g Af-AlE 24 35%elx, fA &8He] AT A F9] &) AH A7 ZolE Feh
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Table 25 454 €A% AHgste] cejo)Zelysl
T 5o Felld Fsle] SAlel AEFE v AL
ZAE Aol AL d7] Wl LA 5709 R
F 4709 MM A AFo) AEse] QP
2ol 7)ol FolA 7hA Be AlFo] ¥2id
Adom 304, weje] FAoz celolFe] Yol 2y
o me} A} Aol Zrashe AEe w5
Mol A F 449 A FAR}d A v}

Table 3¢ HIRZoHall g Aldsled xato]Fa
ot B9k S FolA Helgo] LAlo] AEIE o)A
& 248 Aolth, melol 2] YL )My HEn
zol@al 970s] A 3 8He] AMolA AlFo) et
R, AFL 20 MM, g4 Fe 349 A
Aoll4 AE At HEFZI AR o)
Zelqd 7o) vlA" oz v)fEo] ge) Eaisgm,
10¢, gde) stdez calo|Ze o) Aegye] o}
42 vl Eo] Basdcy

ol4tel AP} HfA LA, d4H 84 BT o
glo]Fe]Ysl7) el &l ulgLo] A& YUt

cejel 2 Y &7l &FolA st e wAE
ol ¥2 Hglow ceholFelde] Aeslo] web M}
o)l 4Eo] 47 7 shgch

s AfAH S22 Sebo]ZeYals S ]
~20% A EatolFa Yy Fo| AF+E 2y
3 sgfelFY AR 1% T 3R Fol v}
i melo]Fa o] 63, 10%, 15%, 2030z =
Hgo] whet Ha} zdadigon 208 Folas catol
Y 27] i W@AE Zasgictn ¥ st
webd B d7ob FARE A e vebich o] o)
Esto| &l o] Heiol wiz} o fold F9 5ol
Az} Zhr = e ol washerolld odzalx e &7}
TS Aol AR BEED WA vl Fo] A
A Az 225

1-2. E2to|22lY ¥ Sludgeol| M=5H= njAus

thokdt Sl ggehe $EA thde] AlElEol
AT AFAIEE HFete SotelZe Aol =g
o)Fed EF o Fold £HH gl sludgeFol
FA5e lees 2250 zao)Z Yol
Aoz gho] Abgsle 444 LA, QB4 LA
HET22olLAE 4oz AT & o e
sludge® #1#3e] Axsigict,

et

i e
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Table 4. Total count of viable bacteria & fungi in
sludge after drycleaning with petroleum solv-
ent (cell/g) ‘

Sample No.  Total G(—) Fungi
bacteria Yeast  Mold

1 2.3X107  5.8x10° 9.9x10° 2.2x10%
2 3.0%10° - 1.0x10* 0.1x10"
3 1.5X107  1.6X10° 1.2X10° 7.0X10*
4 2.4x10°  2.0X10* 1,9%10° 4.0%10°
5 9.8x10° 2.0x10° 1.0x10* 4.0x10°
6 1.4%10°  1.4x10" - 2.0%10*
7 4.9%10° - 7.5%10*  cfl*

8 1.5X10°  4.1x10° 4.3x10° 2.0x10%
9 3.1x10° - 2.0%10° 2.9x10*
10 1.0%10° — 1.4%10° 1.0x10*

Cf1 : confluent
G(—) : gram negative bacteria
— . no isolation

. Table 5. Total count of viable bacteria & fungi in

sludge after drycleaning with

perchloroethylene (cell/g)

Sample Total bacteria G(—) Fungi

NO. Yeast Mold
1 8.0x10° - 1.0x10* 1.0x10
2 1.6x10°  2.0x10° - 1.0x10°
3 3.7x10°  6.0%10° - 3.0x10°
4 9.0x10° 4.0x10° - 2.0
10

5 3.0x10* - - 2.0x10*
6 1.0x10* - 1.0x10° 1.0x10°

G(—) : gram negative bacteria
— [ no isolation

AfAl= Table 1ell4 =&te] &2 YA 102 (code 1
~10)oll4 1009 ZAE AHegdr Q4AE 62
(code 1~6)oll4] 6702 A% AAE F wloksie
A{45 2Asled 2 A= Table 4, 59 3,

Table 4ol 4 A3-A) & sludge & A4 19 A%
At AFEFE 2.3%107/g, 1REAFE 5.8%10Yg,
HEEE 9.9X10°/g, AL 2.2x10Yge] MYtz
vebdeh 1009 28 Aol AFat 2Fe] FAbs)
Al AEste] Qgieh oduk AldAS] A HWF 4.7x
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10%/go] A gy A7 A+ EEx 3,3%10°/
g, AkAEe HFE 2.0x10Yge] AES odth
Table 5% HZZZo[” A sludgeo| & Axt 479
745 609 EE Al vehgta Hd 3.1x10%g
o] AL R, At AF ApFE 24
A vebom 9
o-lq_

of o] AR HfA FAHEF

4.2%10°%ge] vk AL

AgR ekl 27

o sludge® A1Z4 uch 22 zolge] 24E A
g =ato]Eel Yy sludgeol vl AdEo] of HA A

b O'P ol

e AL 2 4 gk elzleZ uw)fe] Fu H%
A AR} GaA LAV w]AE HE) AT
Aoz gzgc),

olg} 2 Axdg LAY =4 HEy= TLV
(threshold limit value) 7} A4 £Ad 7% 500
ppm, HEZZoEalel - 50 ppme A-FA &
Ao HF2RoR] F4o] Z3lr] wiFN™E
WAo] gl vldEe AlEEe) HEZR AL A
23 =ao| e ol 2 sludgeo] o HE 59
At o Zfe] AEghcky AR E

2. gh= AL S E2l0|22]d EH 2| 0ldE

2-1. Sajo|2a|Y ZR|9| AFE7IZi0| ai2 olME
23%e =aholZUY Hold £ AEIRE
Table 10] 48} 7o) ZASled & 23 A4 845
Apgahe 1230 23] AE7)7ke) 220 ~8AHY AAG
2 daA EAF AR 1129 84 AHg7Izbe) 1
Q202 A heFATh AHETI7ke] W 49
A7) 7ko] 71 LA a7} PE Aog EEgo]
t:a}‘o]-}e,]\éﬂoﬂ/q aA Zzb ALdk LAE & FE)

AHg7)Zbel whel S AR F4VF AFEHeAE
"é“ﬁi ZAz= Table 6, 73 2k
Table 6& Calo] T2l N8 Lalo] urE

AHg7)7)el wheh EAlof] oA E w]Fe] ATl
9le7le Aeg Aoz Table 19 Eale]ZeldA
(code 1, 3~10, 12)oll4 10702 H# Fol= 29 4}
23 Y E g9 AHEF Az 9lm 10/12] Aol
A 25 AEs 2AFe) velytth Agr| 7kl whE v
AE4E Z Aol HolA Wk AHE-7|7}o] 28
AY4E v AEF7L G F7hH FHFE F 5

gledth  goll4] 2 Table 20145 AAAL] 444

REIIRREEE

Table 6. Total count of viable bacteria and fungi after

using petroleum solvent repeatedly in

drcleaning (cell/ml)

Sample Per%ggyl)l%d Bacteria Fungi

NO. Yeast Mold
1 2 10 - 20
2 15 10 10 -
3 20 30 20 -
4 20 30 10 10
5 30 20 - 10
6 45 40 10 10
7 150 160 1590 —
8 180 540 10 490
9 210 1280 10 10

10 240 180 10 90

— ! no isolation

Table 7. Total count of viable bacteria & fungi after

using perchloroethylene repeatedly n

drcleanmg (cell/m])

Fungi

Sample  Period used Bacteria
(day)
NO. Yeast Mold
1 1 140 - -
2 1 40 - 10
3 2 20 - —
4 3 20 — -
5 6 — — -
6 10 80 10 -
7 10 50 - —
8 20 10 - -

— ! no isolation
A, 548 HAF 47he] HAlelH AF, zdo] A
£ olvh o4 ZAE & = A 'M{
2Ao] oln] ml@Ee] AEsL = AL L &
.

AZR R LAY W ATk BT clPF4E
Ags ZAv= Table 73} 2tk Table 19 Zete]Z
A (code 1~7, 11)ollA) A F ek 1~-2047] AL
£3589 FAF Ade 7Y AAfAM vEhga
AFE 20 AAoNA Vhelgeh AH87]7bo] HE o)

ATFE RGed 2 A%E YRAD A8717] &

=N
o
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Table 8. Removal effect of microorganisms with repeatedly used petroleum solvent (cells/ml)
Period (month) 0 1 2 6
Micro
Organism
Period |P S C P S C P S C P S C
Cultured (hr)
1 — — 1.0X10°/4.3X10* 3.0X 107 1.1x10%/4.3X 10" 1.2 X10% 1.5X10%|4.3X 10° 1.2X 10 3.0 X 10°
3 - ~ 1.0X10'1.0x10* — 1.0x10°7.1x10°5.0x10° — [2.7X10°4.0x10‘8.6x10°
6 - = —  |6.8%10°4.0x10° — |8.0x10*8.0x10* — |4.5X10°1.3x10* -—
9 - - — 4.8x10* - - 1.1x10* 4.7x10% - 1.6x10° 7.0x10* -
1 - - — cfl* - 2.0x10% cfl  4.2x10°3.6x10°| cfl 5.0%x10* cfl*
3 - - — cfl  2.0x10° - cfl  1.1x10*2.4x10°5 «cfl 2.4%x10'5.0x10°
5 - - = cfl - 1.0x10% cfl 1.5%x10°4.3%10°| cfl 4.3x10® cfl
7 - = - 9.2x10° - —  16.0X10* —  4.3X10°| cfl —  B.4x1p0°
1 - - - 19.2X10° - —  |6.0x10* - - cfl - 1.3x10'
15 - = - |2.0x10° — - - - - cfl - -
17 - - - - - — - - - 3.8x10° - -

P . Pseudomonas aeruginesa ATCC 27853
S [ Staphylococcus aureus ATCC 6538
C : Candida albicans 10259

A" AYS4E o] gol AEH 9l Aol vy
th, @oll] E Table 34 974e] AAE 8le) 2
Aol A Aol Welxta 29 Adold HFe] AE
# glgich o]ate] AHE Huwl HIRIo|Ealo
ARA] Gallo] vl Ee] AEH U AL % 4 3
o},

A5A SRt HER 2PN vlms) Bl A5
A L9} A1g717ke) o Aeln ulFo] ©f To] A
23l g AL ¥ 4 A9k AT ExHY 2
g Adol7] wiBo] A S
filters} Aigrozal GABE sz, FHL &
WA LA E wpde] 4l 24EE AANE sz
£AHYE stz Q7] Wi HZR - vl
|4 Bzt HEwta LA Ao Ao okl
@ ol ety Alzi el

HZzzoldale Sele]Zed AW F5aA
7b olA E5ete] ALg3lY) W Eel wld A&7
o] wokm GAHelst 4 Ha ckn B 4 9ok

2-2. A|IBBRE ALZE BH9| MeTr|

e AL g LAle] A7) Zbell whE m] Ao A
B3 2457 Y84 2aje|Fe Yol AAF]7)
AR AT AR 2EE TF ARAE B

o)
FA%E 2l AEF DU 4TS FH02 B X9

71E o]

* . confluent
— . no isolation

s

Psudomonas aeruginosa ATCC 27853,
Staphylococcus aureus ATCC 6538,
o] Yelw#al Candida albicans 10259% A&

23te] 1.5~3.0X107/mle] FH=AE Hof 2F

FAol] do] wbE AL} elolFEy &AY A
AR wE A, A AAZAE APt
AfA AT AR g A, 1Y, 2AY
609 ALRRE &4, HEZ R Adsa ¥
A, 34, 6% % 109 AHEF SAZ IEI F A
HEg 9oid 14704 179717 ¢ AAERE 2
ZAsHe Table 83} 2t}

Pseudomonas aeruginosa ATCC 27853 %
£Alo) wopa Aoz Azko) AHREE T 54
A% wolohrt g BT AR~ 2ol T
ME AEA e EAGIME 2700l AR Ag
% 4 9x 149, 249, 649 5ot &Alsl A8
o] Aol A4E ekke © B FARI) e
I 4 gled 179 Folle 14K, 289 283 &
Aol Alyfe] 25 AbHEigov 6-04 AEE &
Ao A= A4 3] BE 9 H7Fo] eprbeth

Staphylococcus aureus ATCC 65832 A4 &4 .
ol Az e AREERA] 2 A1ARE SAloll A 270
Atdatgi 1A ARRRE SRl Alde Ao

7R

r#‘k-[NL:EEr;r
T
b
BT
Y
2

N

=
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Fig. 1. Pseudomonas acidovorans cultured on the plate
after isolation from sludge of drycleaning with
petroleumn solvent,

Fig. 2. Photomicrograph of Pseudomonas acidovorans
(400x)."

Fig. 3. Genus Penicillium cultered on the plate after
isolation from petroleum solvent used repeatedly
for eight months in drycleaning.
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Fig. 5. Genus Candida cultured on the plate after isola-
tion from petroleum solvent in drycleaning.

Fig. 6. Genus Thrichopyton cultured on the plate isola-
tioh from petroleum solvent in drycleaning.
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