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Confirmation of fumigation effect on and toxicity analysis on microorganisms isolated from records
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<ABSTRACT?

The sterilization method of records by fumigation using mixed gas of methyl hromide(MB) and
cthylene oxide(ETO) has been generally used as a way to protect hiological detenoration 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 coffect of fumigation on microorganisms and insect, we have fumigated
microorganisms and insect with a varlous 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 i1zolated microorganisms as a threat to human health, it was investigated
that toxacity test using veast, radish and cancer cells on microorganisms. Only Aspergtiius orvzae had
an inhibition ellect on growth of veast. radish and cancer cells, respectively.

These results demonstrate that sterilization eflect can occur at low concentrations of the mixed gas
on insect but requires higher concentrations of the mixed gas on microorganisms. In addition to, it 1s
suspecled that the possibilily of the microorganism as a threat to human health is little.

Keyword . Methyl bromide, Eihvlene oxide, Fumigalion

¢ QEoR YHUG ¥Y TAE B NS Az, 349 LA F/ EE
23 35 RolH o1Fe €k 2R BTt BAY o £ F, 27 B
4 ot Au Fgole] EA EAT & Ak ol o|5E TAEL Suel $57t

gty Latell A wolsto] FgelE &2 Al&eH frHFloran, M-L. 1994 New
York City Department of Health, Burean of Environmental Investigations 2000; Office
of Secretary of State, Georgia Department of Archives and History 1997, Library
Preservation at Harvard 2000; Patkus, B. L. 2000).

olgt &2 o]frZ HFol7t o] FHel|lM HAo] Yhggh Aotk Fo)i 80%H o] 4
o st 26-30C ARe R 22 7P Fol ]Alﬂl %= g A Fr9
10T o] v 250 Uubdel F3ol5o| ASd 5 htkNyberg, S. 1987).
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AT oR YFae FPolEE 0B Es] 8] B EaES drh AT 9
= celllose= E3s}7]7) o2 FBole A R A 2 A4 Ex FEAAd e
starchE ¥ FotelA o RRAATE WA YKL AFdel F HAz WA Yz
(Nyberg, 5. 1987). o9} & 40 g 7158 AETEQ) dolg) § BE2 Zgo)7}
ZRASAL givh,

AT Foll= F50] B

a,

- AL ol ATl celluloseS F U202 s Cytophaga,
Sporocytophaga wo] 2 €3 A 2 THStanier, R Y., Ingraham, J. L., Painter, P. R, and
Wheelis, M. L. 1586). WA, F] 5 0459 F7144] 3
BE Y HERARL R A AEE] FosinE A& A5} 2 asid
A E 71EEE FE FHe) il o s mre] ALFgnh 2 AeE ok =

= Methyl bromide(MB) 2} Ethylene oxide(ETO) 50| ¢4&4 2t}

20 Ha Sge )2

MB deizhs gou dvade Ao gl Ao2 44 geor, £5 3 gAL
AL g g s BRE o E4e EAAZS e = orhNyberg, S, 1987). &
3, of ofAlY 1Al g ek 24 el A AL AHgEA @AV s AgE o

B 98 AR lFE AdEe) o (MeComb, Robert E. A. 1980, 1-2).
ETO= eAdolut d-Eme] 2R 2% A2 19830303 AA48es dg A4
N Hon, A g 53] FHold g3} 9le Aoz delA girhPatkus, B. L.

o] o] 9a) Zat 24 2 GhEA e gk AMlo] ¢EA glen sl i @
A EevF 2 BEE EEAY #8 W Agwe] 22 AA F4H Y B
71Fos LA F olte HEA G g4t B Yo ALdgw Aiges /‘P%
go] A L 9drHNyberg, S. 1987, McComb, Robert E. A, 1980, 1-2). =gk #]=g] A of

A HAT(0SHA)S ET02] 347|185 E2 10849 82417 7 S0ppmel A 1ppm ©]5)

2 arEs Ageta (] dbgel, A4eAe Pusfel @] 3 o Ao

MBE 5ppm, ETOE Ippmo# 27 A8t Qi 8o,
MBS ETO 5 %40] 73 s1ohede o/ g3 A A0 22279 994,

el BE DA, BT BYTAE Dol TR BA FERA Aoz
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155 59 A&y g8s 27 9t dger 2 AMge ook 1y 98 7
9] 45 thdEe] dish MBS ETOE ¢ &% £5459 &5 2 AH 270 g 4

4 AT BA 2 Agolt
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T, & ol Te| s 7)) MBS ETOZ o148 $545Y 54 E AU, 4

21 24 vy 2 8%

AFEA A ERsld MAE 125F [Aspergillus niger, Aspergillus oryzae, Mucor
mucedo, Mucor rouxii, Neurospora sitophile, Penicillium  notaturm, Rhizopus delimer,
Thamnidivm elegans, Bacillus cereus, Bacillus megaterium, Staphvlococeus aureus,
Staphylococcus auriculans]e] f&EH AFE FHSAHFAAE - AE3E - S0 1998
85-9L).

3%+ Tribolium castaneumn Herbst(ZYUAE %) 1&275 ALgslqlt).
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Table 1. Compositions of medium used for culturing microorganism.
Medium Composition (g/L)

Potato
- POLaLOEb Infusion from : 200g, Dextrosc © 20g,
mﬁ%&%ﬁ agar * 1og (pH 4.5)

Luna—Bertam
agar
(LBA)

Tryptone & 10g, Yeast Extract © 5, Sodium chlorde © 10g, agar : 2g

22 WAT S 54 2A)

221 3BE o] &% A £A

Saccharomyces cerevisiaeS Z7] th57](0OD 660nm = 0.2)7F 5 == Patato dextrose
WA v x|of djeksled, wfoFdl-S microplatec] ZHt 10045 EFF § o7 A7) 2%
of 2 AT vl 100uE Zt7) Azleiitt. FFo] £ A vk €43 microplate
= FX Q59 HAH2d 0TelA 247t AA & 0D 660nmol4 Saccharomyces
cerevisiae®] A4S & T3 v)wdtd PEAHZ(%)SE T2 459 B4 ghog Ag)

ST

222 g o]&3 HA A}

Petri disholl filter paper”} 2488 &4 4= =2 wlekd 5mi(A = 2710 A wokgh n)
Ag %S 3ml + SFF 21111)% Wy, = el B4 20712 filter paperd!
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232 Add A F5

A& 1B brothol 4] 14 vjored 100w Byt e 4749 filter paper
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ALAZAZ F FALT7]Y Y FF

TCH 2RAA 32 ¥ weste) BRI,

233 3 old g &5
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2.34 dFel g &£F
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343 % »2
7|5EA A deedd MAESe 71ZEE ATl Hels)

0] A SUH] 4 B8, 4, SALE ohcto

& T(Saccharomyces cerevisiae) & ©|-&3 P S SAZAA = e njAEE

i

2 EAo) 2 e R et oy} Agpergillus oryzaedt Staphyvlococcus aureus?) A% 5]
22 AR ASANE Yo Table 2) .

Table 2. Inhibition of microorganisms on the growth of yeast and radish

Inhibition rate

: Py Germination rate
Spocics of the growth of (TS

Aspergillus niger 92 15
Aspergillus orvzoe 43 8
Mucor rmucedy 14 10
Mucor rowxil 29 232
Neurospora sitophile 112 73
Penicilliim rotatum I 20
Fhizopus delirver 90 90
Tharmidium au 30
elepans :

Bacillus cereus 112 26
Barillus

megaterilm 104 &0
Staphvlococeus .
aLreLs 64 13
Staphvlococeus - a
mlms 6 2

Inhibition rate of the growth of veasta was measured at 630 nm after 48hrs liqud culture
compared to contral growth.
Germunation rate of radishb was counted to percent scale from the 20 seed treated

FANE AR PlAZEL] 54 RAN)AME Aspergillus niger, Aspergillus orvzae,
Mucor mucedo, Staphylococcus aureus 5¢ wE°©] F9 gold Ash W& RHT
(Table 2). HCT-159) SK-MEL-2 7 £59 $HAZE Uz £AS 240 23 o) F

==
[s]

B F5o] AXd i A= dl$ e Aoz ey o Aspergillus oryzaets 2
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T ¢ AE BT 22 542 BYHTable 3).

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

.. ED 50 (ﬂyml)
| beaes HCT-15  SK MEL 2
Aspergillius niger 186 155
Aspergillus orvzae 20 43
Muicor mucedo 201 193
Mucor rowpal 186 150
Neuvrospora sitorfile 195 120
Perucillivm notatum 178 130
Ihizonus delimer 200 202
Thamnidium eleqms 138 179
Dacillus cereus 150 201
Bacillus meguterium 177 150
Stantyvlococcus @reLs 123 1139
Staphylococcus auricdars 140) 160

ED 20 (ug/ml)a was estimated by SRB method.

I8k 9] 4 B SUAN £F 58 A3 7HE oD Aol arvae’t A
Foll J2% F 4+ A= oA }zm AHe R AT o BuRs.

i, &2 Az o gET ] ] 1 29 starchE 71raall5l7] $18) Aspergillus orvzae
9] amylaseE o8& 21 o) & o) tHStanier, R. Y., Ingraham, J. L., Painter, P, R.
and Wheelis, M. L. 1986). 18] L}, Aspergillus oryzaeZt amylaseZ 0)al= zlo] 2 &

HA 9T, EE AR 4ES AT, ARE WA BARoE AR ABHA
298 9T 4 = Aox ¥ 2 Yehtone B4 Fo /SRR EEE i

A) AR o F AeltHA A - AFE - FHE 1998, & 91,

wpehA, 4] 7HA] FF SAAAN A FA E o, £ Al weldl dirEe mal

D

ESo] Aol A AHE 2o F 9 AL W Aojnhn sl

2 AFAAL A% A feldol e AT WANA AN KEH

71E2E AAY] BE But oluvp V[EZEEAREERAEL 1A otAA] FA wlEof (i
A= oob & RRo) gusty, o¥ FF(Aspergillug, Penicillium, TFusarium,

Trichoderma, Memmoniella) 2] 23| 50] Q1A & Ese= 545 AMT = gli= 7oz

4HA slzx(New York City Deparlment of Health, Bureau of Environmental &
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Occupational Disease Fpidemiology 2000), d#= A3 w8 = 9 A5

Aspergillus®. Bfo] @iz Aol A 49 9UE 5 917 HEItho)de - A%
9. &AA 1998, TEEol 39F) £ F12ERERAC) H@s 2894 go} B

[T
L

e

| 27 Fo| dA FAHAY FFEHE o] AF o] FAAH,
7140 Aol dAE 4 sloks AR E bl deA ST (Nyberg, S. 1987, New York City
Department of Health, Bureau of Environmental & Occupational Disease Epidemtology
2000).

oA, 47149 oY 2E 24 0 U £ 59 A4 7128 1E 27 @

A% ARIAE 2HZ

€7} 7158 A 45 B4 2 FasTE ALE 2 5 U8 Ao

Bt B0 &% w487} 5139 255598 2A87] 93l 894 MBS 10 &
W7 FES g/, B0g/m 22 WEAF) T 403 B =2AA 1o 2 2, 1%
9 % ZR0 YLEEHLE F 2204 3L Fxgod, ARG At AP 428

OE] -_ér-jl?]‘ 7 Jnf _O.E L}lﬂ L‘Lﬁi Table 4)

Table 4. The fumigation effect of 30g/m™ or 60g/m' mixed gas of MB and ETO
for 4 hrs on microorganisms and insect

Speci 4 hrs
pecies 30 g/m 60 g/
Aspergiilus niger -+ -
Aspergillus orvzae +
Mucor mucedo - -
Mucor rouxi +
Neurospora sitonfile +
FPenictllim nolalum +
Fhizopus delimer +
Tharmnidium elegans +

Bacillus cereus -
Bacillus megaterium
Staphylococcus aureys -
Staphylococeus auricudaris -

Tribolium castoneun Herbst —

+ 4+ 4+ + 4+ ++F -

- Sterilization (100 %)
+ : Growth
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27 27 98 99 235 248 NAE MBY ETO Eiie 52

24N ZEe 2 WEE Fof 2ASHTh T 2, e
RAITY, 24A17F A7) 5o AR AFEHAT, v]AE A5 MBS ETO E37H: &
2z 50g/mol| A 8N 7F EFA e B o] A9 b fAAE 4T TEAD FE e
g REe ool Atk 28y Aspergillus niger, Aspergillus oryzae, Bacillus
cerens 329 tiaiAi= £ ¢le ALeE UEwTi(Table 5).

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

S - ot I
peces S 24 hrs

Aspergillus niger
Aspergiilus oryzae
Mucor mucedo

Mucor rowed
Neurospora situphile
Fenicillium nolotum
Fhizopus delimer
Thonmidium elegans
Dacillus cereus

Bacillus megaterium
Staphylococcus aureus
Staphvlococcus auricudars
Tribolium castaneurn Herbst —

e =3
!

- 1 Stenfization (100 %)
+ . Growth

95l Aspergillus niger®t Penicillium notatum -+
O et T8 1900/m o2 a1 2447, T2A17F &
704 75 AFEe] 100% T 237t ol pleR

ZH %fé}oloﬂ el MBe} L
ob :mFAA Heke) o A3 F
UERETH Table 6).

o] 27HE Fs) &34 45 HIE el 120g/m o5 UATF = A7 2
Q8= AL & 5 A e, TR E AAd B e FHF e AP A 9

Foll 100g/mol e Falaty]e= of @ Aot

100% AEEHE Holi= 2712 47
=
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Tabie 6. The fumigation effect of 120 g/m mixed gas of MB
and ETO for 24 hrs or 72 frs on microorganisms

Species 0

Aspergillus niger - -

FPeavcilliven rotatum - -

- Sterilization (100 %}
+ 1 Growth

MB¥Ho. 2= 1004 71E Aed= nAdEES 25 AAbksla, 150p/m o2 72

AZE SEARE w9 AT S VB ETO E87k22 £38 W% 10g/m'e] 5]

A T2AZE oS B, 150g/ 0] TRl 244 7F o)L FEsfokt Hadst g A

o5 BaE A7Eart e 199, 101-107).

= AHD o) 259 FelE 1620408 FE5]0F ka1, 30019 Age Byuelte

gkl A8 5-74 B 2 A7 B¢ FFFor Aoke 51% 9 rhMcComb, Robert
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AR, TF dFEd AA e 7BsAde] Brbe A7) lth £27ba 9 gArE A} 191
A Ahgo] dojuk gAFE AA7 MR g3 e g AnSe B Y E
o MAM8l F7E R WEE F 9t sHsAde] dtke Aot (Nyberg, S. 1987; Patkus,
B. L. 2000).
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TP SR EE X H1E =00, 3)

Friis ZlEel btk ATl ZhEFEAE F AAT A7) 34-E Aol Al
FER IEIOJR]EE A2 41 A7kl 2odEUty daE E2AdcHengenmihle, F,
Weberg, N., and Shahani, C. 1995).

AA, 5/ F MBE 28% B2 EdolgdA &5 AT dlido] 57 wid of
AokA ko] Dot Agho] HHt

upA o g AR AR e ThaEEe] AR A9 AR} U vhed
Ae7h Bk 3 BRA S ol 8o £5AL A5y n g YL s 4
4= 2294 UthNyberg, S, 1987). MBS ETO #3712~ %52 120-150g/m o2 33
24X 7k o] FEAeElehd nlAENE & AFEIst A 2 = ol A4 Ao
e 35-60g/md ¥R Wel £dsta ok s, F2 gl stad gd 7
Al dsi7}t ol = 9l 7h5Ado] EAFEE Ay 10g/me WA 9= Fle] vhaky

shm 2EA g7 WEolthi17 8 1996, 108 137).

o] 47 £ olt] 714 FAROE okdaln gl A5 sdke] W g Ao] )i
SHA A 7 S oF 4] A2 dPHE Aol Aoz < oA 1996,
20; Daniel, V., Hanlon G, and Maekawa, 5. 1993, 15-19), & dyAode F71 4
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