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Confirmation of fumigation effect on and toxicity analysis on microorganisms isolated from records
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Zo tis) MBS ETO 3714 [86 : 14 (Vol. %)12 F =9, AYAZHERZ 278 d4slo EFL 43
otk HEL BE 279 AgojM AR AFHIG a2, vAEY A% MBY ETO Ed7l2%E
120g/mol A 2442 e14E A=RE Ww S Edsr ok

715Eo A 28 A nAES] dis] S4& 28] 98 E8, 74, ¢ HE FE diez £4
NEgE R 2 ZH, Aspergillus oryzae ¥ TR 54 EHE 20
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<ABSTRACT>

The sterilization method of records by fumigation using mixed gas of methyl bromide(MB) and
ethylene oxide(ETO) has been generally used as a way to protect biological deterioration by
microorganisms and insects. In this study, we confirmed sterilization effect of MB and ETO [86 : 14
(Vol. %)] on and analyzed toxicity on microorganisms isolated from records.

To analyze sterilization effect of fumigation on microorganisms and insect, we have fumigated
microorganisms and insect with a various amounts mixed gas of MB and ETO, and various exposure
time. Insect was sterilized at all experimental conditions. In microorganisms, sterilization effect was
detected only when the mixed gas was treated at 120 g/m’ concentration for at least 24 hrs.

To test the possibility of isolated microorganisms as a threat to human health, it was investigated
that toxicity test using yeast, radish and cancer cells on microorganisms. Only Aspergillus oryzae had
an inhibition effect on growth of yeast. radish and cancer cells, respectively.

These results demonstrate that sterilization effect can occur at low concentrations of the mixed gas
on insect but reguires higher concentrations of the mixed gas on microorganisms. In addition to, it is
suspected that the possibility of the microorganism as a threat to human health is little.

Keyword : Methyl bromide, Ethylene oxide, Fumigation
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gar ez Agsled FLo|EL o5 li—ﬂﬂﬂ A3 2 ELAES ‘ﬂl‘:}. A5l 3l
£ cellulose® 2315717 o#l9 FFele A S
starchE © FolelA o] FEoIMRE HA AFS AlFste 4 %ii'ﬂi A ‘42}4
(Nyberg, S. 1987). ¢|¢} 22 BAo2 7|55 YEFHQ €38 @ FE2 %07t
A 8kaL e

AT 25 B3o] Bt} 3L £alo| 21t cellulose® FUELE A3 Cytophaga,
Sporocytophaga 50 2 €A A tH(Stanier, R. Y., Ingraham, J. L., Painter, P. R. and
Wheelis, M. L. 1986). makd, %o] 5 njdge F713< 34 2 g8 42 7I18E
HE D HEFFBYEORIAN 473 TR &40 A77) ot

EU7AE 7128L F2 35AQ Wyog Bo| AEFY: FE ALEH FA=
= Methyl bromide(MB)$} Ethylene oxide(ETO) Fo| ¥&4 it
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WAz & S e B ol £A419 HAAE ekAZ ¢ ltH(Nyberg, S. 1987). &
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2000).
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21 2408 HAE 7 d9F .

DEAA Eesid nAE 125 [Aspergillus niger, Aspergillus oryzae, Mucor
mucedo, Mucor rouxii, Neurospora sitophile, Penicillium notatumn, Rhizopus delimer,
Thamnidium elegans, Bacillus cereus, Bacillus megaterium, Staphylococcus aureus,
Staphylococcus auricularis]el tdlA ATE FHSIAHAZE - AFE - FHA 1998,
85-91).

322 Tribolium castaneum HerbstCH 2 £ %) 137 AHg3li.
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Table 1. Compositions of medium used for culturing microorganism.

Medium Composition (g/L)

Potato Potatoes, Infusion from @ 200g, Dextrose : 20g,
=2d : 15g (pH 45)
(PDA) 28T - 98 oo &

Lunf;g]?ftam Tryptone : 10g, Yeast Extract : 5g, Sodium chloride © 10g, agar : 20g

(LBA)

22 V1489 54 24

221 ERE o8& 54 A}

Saccharomyces cerevisiae® %7] t5=7](0OD 660nm = 0.2)7} 5 == Patato dextrose
B Ao wiFated, W) ged-E microplatecl Zt7t 100utE B F, of7d] A7) F%
o] & Ald wjFd 100utE 247 Msich. F%ol 2 Al wjddS $H73 microplate
£ 85 A& HAZxHAA 30THA 2¢ 3 A F OD 660nmel A Saccharomyces
cerevisiae®] A%< tix T3} vlwst] KA Z(%)E B2 A5 4 o= A
itk

222 X8 o8l B4 x4}

Petri dishol filter paper7} $23] 2424 + UA=E WU Sml(HF A A e
AE widd 3ml + FFF 2m)S ¥, I Yol FH 20742 filter papere] £2EL e
HAIZY ZHH o2 FHY A&S #Este v]AEd T FH Y AS AirEe FUsY
o} ol g2 #& Alde] HFel HA ¥ ETE A wj] 2L 6] FE4 v =R

7

223 & AX FE o848 54 24

¥ FHCT-15, Human colon)® #HF¢t AME F(SK-MEL-2, Human
melanoma)E A2 2210A 8t 2& WHo 2 AEE AT & AEAE £ En)
Ao AFd AEFAH A=E SA3H.
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Aeoq EFh: FYBT APARE 270w A AANe) AT F T
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232 Aldtel d& F5

A< LB brothol Al 193k vl3E & Zbzhe] vl 100E HE 4 4709 filter paper
disk( @6mm, Advantec Co.)ol FF54t) ©] diskE2 @ tubed] ¥ 40%7|=2
ALAZANZ F FALE7Y 91 EF5HsHT:. TF5AE filter paper diskE2
7Ce LTollA 39 B¢k wgste] #EEU

233 E%old A& 5

*‘—31’01 PDA %A
T 001% Tween-80& 43 BFZFT 5mE R 33| Agds A& THAA &€
|slach Z7te] wjokel 40uE Bad 4709 filter paper disk(®6mm, Advantec Co.)ell
AZstgrt o] diskES WTE tubedl] ¥ FEAZVIE AXARANT F, ALFY
o ¥x E2A2HA. £24 D filter paper diskSL 30T SEolA 52 5ot wje}
3t #Asgh

pus)

234 A3 U@ ¥3

H27h SRR W) $EE WeE B2 + gt A% §4¥el Tribolum
castaneum Herbstoh A48 o AL§-8 & Fo] TP} Yt A
$ B9% T BALS/G] YT $5EE T ATNAE 289 WA YA 2

7CY 2EAA 74 FU BEEA:
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Table 2. Inhibition of microorganisms on the growth of yeast and radish

Inhibition rate
" Germination rate
Species of tg((—;‘ ag?(‘g‘)h of  of radlsltw}’ (%)
Aspergillus niger 92 15
Aspergillus oryzae 43 8
Mucor mucedo 104 10
Mucor rouxii 89 23
Neurospora sitophile 112 78
Penicillium notatum 5 20
Rhizopus delimer %0 0
Tharmnidium 34 20
elegans
Bucillus cereus 112 26
Bacillus ’
megaterium 104 60
Staphylococcus
oo 3. 64 13
Staphylococcus
o 76 23

Inhibition rate of the growth of yeasta was measured at 660 nm after 48hrs liquid culture
compared to control growth.
Germination rate of radishb was counted to percent’ scale from the 20 seed treated

2NEe A48 nAEe 54 ZA|ME Aspergillus niger, Aspergillus oryzae,
Mucor mucedo, Staphylococcus aureus 59 wE©] ¢ @olo] As J3ke BTt
(Table 2). HCT-15%} SK-MEL-2 F /9] ¢AXE diioz S4& A% 23 diF-
2o gEo] AEd g AFL o ¢ & Aoz et o), Aspergillus oryzaes 2 F
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7o & AX EFd 22 =4S EiAtHTable 3).

Table 3. Inhibition of microorganisms on the growth of cancer cells

Spccies ED 50 (sg/ml)’
HCT-15 SK-MEL-2
Aspergillus niger 186 166
Aspergillus oryzae 26 43
Mucor mucedo 201 193
Mucor rowdi 186 150
Neurospora sitophile 19 150
Penicillium notatum 178 130
Rhizopus delimer 200 203
Thamnidium elegans 188 179
Bacillus cereus 150 201
Bacillus megaterium 17 150
Staphylococcus aureus 153 139
Staphylococcus auricularis 140 160

ED 50 (gg/ml)a was estimated by SRB method.

olg} Zo| Al FFH HA¥M EF 2 A 24E YEPH Aspergillus oryzae?} A
TolA 9L 2 F e A E Y, AR ez s Aoz gt gy
3 &2 Axd o LATA AN 2o starchE 71-R8817] Y8 Aspergillus oryzae
o] ams{lase% o|&8 o3 9)7] WFo|cKStanier, R. Y., Ingraham, J. L., Painter, P. R.
and Wheelis, M. L. 1986). 2]}, Aspergillus oryzae7} amylaseE £u]8l= 7o) & &
A4 g3, =3 A7 FEg 373, AFE HAAA AAHo2 AF YE8H
438 L8 F AT Ao A7 @47} Ueens 4 59 71SEEREHE Bi=
A AAF o ol & ZeltHA7]E - AFE - A 1998, 85-91).

wEA, Al 7] TR 5474 258§ & o, £ A7 Bl diREe njA

So] Aol A AWe dod F e 4L ¥E Aoz 32

E dFdAE vE A falde] B2 nAEE 1A AT REaRdEE
58 AAY BE B3 o V| EERHTIAEY UA HAA A Wl 13t
He ¢ € FEod, dukstd, o8 FF(Aspergillus, Penicillium, Fusarium,
Trichoderma, Memnoniella)2] F#o]E0] A48 AHeE 545 44T F g 7o

oz 9liZ(New York City Department of Health, Bureau of Environmental &

)
9
2
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o - U4 1998, ﬂ}ﬁ—}%o} 343). E3, 71%“1%—%1
9 2} Fo] Al FYHAY FHRHF o] AF o|Fo|AW, AR AHRIAE L=
714 Ao 2AE & sivke AME ¥ ¢#A SthNyberg, S. 1987; New York City
Department of Health, Bureau of Environmental & Occupational Disease Epidemiology
2000).

g7t 7128 AA A5 7R 4A FodE AHE € 5 0E AoH

MB$} ETOe 93t w|AZ3 5|5 ~5EHAE 2AS7] st ©4 MBS ETO &
17t 28 0g/m, 60g/m 22 WEtA7] 4A 2 B =EAA BT 1 23, 8T
P 25 FYAEES T 244 AR AFHAY, PIAES] e AT A&

Z37t g A= JERETKTable 4).
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Table 4. The fumigation effect of 30g/m or 60g/m mixed gas of MB and ETO
for 4 hrs on microorganisms and insect

. 4 hrs
Species e

Aspergillus niger
Aspergillus oryzae
Mucor mucedo
Mucor rouxii
Neurospora sitophile
Pericillium nofatum
Bhizopus delimer
Thamnidium elegans
Bacillus cereus
Bacillus megaterium
Staphylococcus aureus
Staphylococeus auricularis
Tribolium castaneum Herbst

I ++++++++ + + + +l@

|+ 4+ 4+ ++++++++

- Sterilization (100 %)
+ I Growth
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e

FANE Z2A & Qe EHAE ZAk] SEA s, MBS ETO £37t2 558
g/m oz 1Asa, =EA S 8 244 7te 2 Mg o] ZARINY. I A, sjFe
BAIZE, 24X A EFAA AE AFEU, S B4 MBS ETO £k~ 5%

£ S0g/mell A 8AIZE E5AE BE | A BT} YJYA 24X FFAE AL W
Ee] vAEe] AT 2 Aspergillus niger, Aspergillus oryzae, Bacillus
cereus 39 dididE 277} ¢le Ao2 YeEltiTable 5).

Table 5. The fumigation effect of 50 g/™ mixed gas of MB and ETO
for 8 hrs or 24 hrs on microorganisms and insect

50 g/m
24 hrs

+

Species

w

Aspergillus niger
Aspergillus oryzae
Mucor mucedo

Mucor rouwxii
Neurospora sitophile
Penicillium notatum
FRhizopus delimer
Thamnidium elegans
Bacillus cereus

Bacillus megaterium
Staphylococcus aureus
Staphylococeus auricularis
Tribolium castaneum Herbst

+

B+ + + + -+ + -+ |5
[

- Sterilization (100 %)
+ ! Growth
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, T 2UAgA AR SEEY 10% AT 25y } e Ao=
FH9 25 HAdE HME 120g/m g 4N AE9 A 2

£349)
2 G Tk TISE AR £ bt A AR A o
2o 100g/melFo R FH371E o e Aol
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Table 6. The fumigation effect of 120 g/m mixed gas of MB
and ETO for 24 hrs or 72 hrs on microorganisms

120 g/’

Species
24 hrs 72 hrs

Aspergilius niger = =

Pericillium notatum = =

- : Sterilization (100 %)
+ 1 Growth

5g/m'e] MBHLZE 10047HE A vAEEL BF A%et, 150g/m' 22 72
NZF 2 E2A A S g AFHn MBS ETO E¢7H42 £38 ddx 100g/m'e] 5=
A AT olAe E 150g/me) FEolA 2A4AZE oj S EFEoRT AT ER} SIE A
o2 Rug d3dast gok(F7 8 199, 101-107). = o2 A7l ¢jsid, ETOZ &%
L AP o T ALE 16-20M 7L £k 32, FFolY FeT B[4S
Aalr] 98 5-72 A=Y 7 Az Fok EFEoF ke 2k SItkMcComb, Robert
E A 1980, 1-2). metAl, $is} 22 A7 ARE0] & ATFolA vetd EFa e gayt
5 sige AMS € 3

MB, ETOS} 22 3353 $ 0|48 7|2 ELSAL 4] o8 o8 714 &
AFE0] EAFL

AR, FF GAEY A HE 7FeAdel B A7 Atk 57129 dAE Alol9]

5179 whgo] goju thE A7 HEE & 2, s AY 2nE| B € F
o A3 F71FeR BEE 7 AE 71540 dre HoltKNyberg, S. 1987; Patkus,
B. L. 2000).

=R, &) 3749 Aol ke Helth EF7EE AAF FA40] At HekE Ao
Zx AR7}e] 9% o] oy, F£218 473 7Y AYzde] UF AGEL HTE
Holo], FA8A AAe #FA Wil Fdrdsr|E AdE 4Tl “}EP ]84 7
2 gAY tAeE §A87] A X2 W IppmE EA BE EHL FAH}
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g 71E0] gk Adrh, 7tAEFAE F AARE W71 3E4E Ao A r|Eulg
52 HoAER 458 71 A7le] A88ue YHE EA¢HHengenmihle, F,
Weberg, N., and Shahani, C. 1995).

AA), 5712 F MBe £&% JHEZo|gA &% AT didte] 57] dEef o
AekAl o] Lo 43| H

opAgto 2 AR AMEEZYAME ZtAEFHA o] BAEY A4e 7T A YEh

7} Bk 3 3EkAE o] 8% ASIAL HlFT PR Y-S FEddE Al
A% 434 ItHNyberg, S. 1987). MBS ETO £3712 FEE 120-150g/m o2 3
2UNZE o) FFA e ort v AR E 2 AT EATL 7| & F g, A4 2
e 3H-60g/me] TEE Bo) £ Atk Hubetd, FF A Eo] 7h2e 3 A4
Al gaj7t dold  Ae 7HeAe] EARER A1 10g/mE A g Aol =g
st dHA 7] WEeltH(RZA 8 199, 108-137).

ol dm #& 47 714 FARCE kst FHSUE AW Jde B8 4e] YT
HSAM AA 7 T2 o8 71 &5 TS AT A= gEiA doHTA 3] 19%,
5-20; Daniel, V., Hanlon G., and Maekawa, S. 1993, 15-19). £ 97 HJNE F571x
Htalo] 71E8 A%de O o4 Xq%"ﬁ}zl @2 o= Adsia, Ho okdsta FAHU
A% 7lede] EFo e HAFTA Y dA7IEE o] &3 H|F A ASHPE S sfdat
es, dA 433 4745 vehl1n = A%elth, Fo2 7| goe] gdaHE F
U 7128 45 Ropl 43d feadE yepd 222 7dista d.
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