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IFNTNVa—=)V (% —)v, PLFEOH) &
{HLBHEHEBICHON, MERTFICHLTOR
BIIHRTE RV, Y - BERRHE O FEME
W3R EEEZmRY [Ali et al. 2001]. EtOH O%HLH
CHIZOWTIEHELS P LHONTE D, EmPER.
FERETOENEITDO SN TS [Ali et al. 2001;
Dao and Dantigny 2011; Ingram and Buttke 1984;
I 2008; Seiler and Russll 19911, 72722D—H T,
—HOHIECRINEBILTHRENEEDEDNEY
[PIBE 2001; AJIME 2000]. BAELZEPLGBES L
72HEICDLSY ) —VOELEPRO O TS R
JI 2009]c EtOH DD T VA1 7 — WD T DHL
#H EHIZE S Twb [Gershon and Shanks 1980;
Fujita et al. 2008] %%, BEALREIZ DOV T O TEEMZH
EHNTRB7 5420,

—F. BEBROZREERLE P, T
i, X, BTHR. BIRL EERICETON
Bo HYTIZDONWTIE, BHRETITHRIALE D
MEZLRBETHR R EOMENH 505, BHET
BEATETH S, DXL NORHETHRIZOW
T, ThE TR [Abdel-Haliem et al. 20131,
#5348 [Gonzalez et al. 2002; Magaudda 2004; de Silva
et al. 2006; Choi et al. 2012; Moise et al. 2012], #Z1E
(Manea et al. 2012; Rizzo et al. 2002 1. A & ¥
[Cennamo et al. 2013] 7 &TH EITxH§ A HHIZIR
MG SNTWS, EBRETFHHEE (IAEA) 250
AL~ OBEHEF E O [Int. Atomic Energy
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5T, A7uY =7 bORE [BEibfh 2013, Eithft
2015; EHth 2016; FHft 2017] AS&EDORFEORZE
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=7 MFZEORER (A 2009; i/ HAL 2010; R4
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T Aspergillus brasiliensis (LRI niger IZ&HH
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A schematic growth curve of a fungus in the presence (solid line) and absence (broken line) of alkanol (A) and the

dependency of its growth inhibition on the concentration of alkanol (B). From the linear potion of the curvein

each figure the slope was calculated.

1) B4 2000; B HA 2010; A 2011; BEithfts 2012; BEitbfb 2013; BEitifh 2015
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Fig. 2 Relationship between the percentage of growth inhibition and the concentrations of EtOH (@ ), n-PrOH (@ ),

n-BuOH (M) and n-PeOH ( & ). A, A. niger; B, P. funiculosum; C, A. restrictus; D, E. amstelodami.

Table 1 The B values of growth inhibition of fungi by n-alkanols in the agar gel phase
Alkanol A. niger P. funiculosum A. restrictus A. amstelodami
EtOH 16.7 16.9 25.9 16.1
n-PrOH 36.7 72.3 61.7 68.1
n-BuOH 80.0 129 117 76.6
n-PeOH 129 251 453 308

Each data was the average of results obtained with three plates.* %/%.

Table 2 Concentration indices of growth inhibition for fungi by n-alkanols in the agar gel phase
A)ICO value (%)

Alkanol A. niger P. funiculosum A. restrictus E. amstelodami
EtOH 1.00 0.728 1.70 -1.20
n-PrOH —0.571 0.947 - 0.177 —0.388
n-BuOH -0.114 0.328 0.0683 —-0.303

n-PeOH -0.215 0.0663 0.159 —-0.00712
B) IC50 value (%)

Alkanol A. niger P. funiculosum A. restrictus E. amstelodami
EtOH 3.55 3.37 3.63 2.48
#n-PrOH 0.791 1.64 0.632 0.345
»n-BuOH 0.511 0.716 0.497 0.354
#n-PeOH 0.172 0.265 0.269 0.155

C) IC100 value (%)
Alkanol A. niger P. funiculosum A. restrictus E. amstelodami
EtOH 6.10 6.01 5.56 6.15
n-PrOH 2.15 2.33 1.44 1.08
n-BuOH 1.14 1.10 0.925 1.01
n-PeOH 0.559 0.464 0.380 0.318

Each data was the average of results obtained with three plates.
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RL. EtOH DIIHTHED n- 718 —)v (PrOH).
n=-7%7—=)V (BuOH). n-_X>v %/ — ) (PeOH)
THVWA (BT8P PTR AT =),
MeOH., bHWV72) FN5HDERFR ETHORERH
EEE OB FEII OV TFHIICKRET LR,
FARETHEEENS S ¥ a0 = —OEE R
EEBICFig 1AD L) RHBTREN, ZOEB
Bohr o BRMOBEERNBE LEE a (FNF
Na, o &F5, mm?/ day) &b &2, KAH»S
BEREOHERTL (%) ERD,

I =[(a,—a,) /0. )] x100 (1)

SO TV —VOZBRETL %KD, BE
L Tray b5 EIZIZERBERIESNC
LD, FOEROAEE f (BALIE, HEERY
BE») LERLTINERDL, ZOMEIZHED
FHREREEOREL LTRL, BHEEOEL
WX AHEOBEELOBRELRDT, /20
Tay FEDH LI, ICO (HEMRERGHBD 5
FE). IC50 (50%RHE#EE) . IC100 (100% FHE D&
INEE) REFEL. TRO DIEEROBREKRENE
DIEEL L7 (Fig. 1B)o

NS ABRDOH CIFD2BC TOREREICHT 5%
7 IVH ) —VOZELRE L. #0300 =—HE
HEIMEEIET T 2056 ERROT7T VY ) — ViR
WA LO7Tay bEFig 21383, 612, &
LN BEPERICE > TR EEETHEEDIC,
ICO, IC50, IC1000fE % k&, Fh 2, Table 1 &
21ZR L7,

Z DR, A. brasiliensis & P. funiculosum D&
TREFEENELD ., MIZBOHFFECY, TIVA
J = VEEHIZIZHF ) EIT R, I TIEHEET
2 HBIEAET L7230C DR & B3 % L FHER)S
KB TIERNERNCS o720 AZAEDOH O
T, MEELIFEZEEOMHEL ) SHERTREL -
Tz, ICO. IC50, ICI00D BfEIZDWTiE, T
Wi/ —VORFEEEVPRL 5L, TbbE
FIGFOBKEAETI1Z SEBEEMICBITL. 2h

HIZOWTHEN L FZEOMEL ) b HER T
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Wl olze TNHLDFRERDS., AR/ TIE n-PeOH
DIFHWERPHRKTH o720

FEDFET n-PeOH DEEMAETH L. BE. 4
R (=425 =/ 7K) DE%z5H. 2-PrOH.
2-BuOH. +#BuOH. 2-PeOH. 3-PeOH. 7 3
VTN I—= ) (-AmOH) 22OV THRE L2k T
A, ERHICEEFIEHO L O L )il EES
BEMMPBA LN, FARIZTRTDOT VA ) —VOHF
TIERIZ ) n-PeOH BT TH o 720

HEWEBn-TNVH ) —VOBILRERD TV, 7
—ZIIEFET 05, RV EKBETCOSBEIS RN
n-PeOH OBEME R T & 72,

3 BBHERZETO7IVA/—IVIicE?
A EDinE|?

BEEOE T VR E LTRBARF2ERL, 20
LETOHIEOREEIIHT BT IV —IVOHHIRE
210720 TV T MNERIKAZEIN - B L724.5%
45X2.0ecm DR &ML L. BBERIE. A
IREDAREZFNIZTIAY— (AB) 2BAE LD
O (Bf). Bl L TBRILSROKRE, BE. #HE
BLUBRE (kR OBRZZERENIKTORE
SEICBAL-b0%FER Lz (Fig 3). BERIX
TIETITLeFRL: (BB, £FTOICP 7uy
=7 PCERL-FBRER T, EMT A X%29.5x
9.5 x2.0cm & L., LREO®LDAHNISEERILMROF
B LREOERLOEH L. T8EHE LTRBD
EoTHY., FEENT I ROAR LICHIRICEA L
TW3b),

FROLIIERL-HEER L BUCDWTHER
Po4BAROMICHEAKE ENEN4MES.
BHADOAFO— )V — A ANz, WERDOMHAHEE
WIELH ) 7 A OBFIET84.3% (EiHIEIX88%)
ZRRET L 7zo ERFARDEER & RIFRIC M4A0Y AR

Table 3 Effect of n-PeOH vapor on the fungal growth on the painted stone chips

n-PeOH"* Color
(ul Red Brown Yellow Black White Lime
0 + + + + + -
30 + + + + + -
60 + - - + - -
90 - - - - - -

*n-PeOH was added as liquid before the treatment. + , Growth; — , no growth.

2) TRHfb 2010; Bl 2012; BEit At 2013
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Fig. 3 Schematic diagram of setting of the treatment of painted stone chips with »-pentanol in the sealed plastic box.
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Fig. 4 Time courses of fungal growth at 25°C from spores
during the subculture after irradiation at doses of
0.2,0.4,0.6 and 0. 8kGy. A, A. restrictus ; B, A.
brasiliensis.
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inhibition of fungal growth from spores and the
dose at the irradiation. Symbols: square, A.
brasiliensis ; circle, A. restrictus.
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Table 4 Color change of pigments and materials after gamma irradiation at a dose of 8 kGy

Color or material L a b AE
Yellow 69.42 / 70.54 6.84 /7.27 49.93 / 51.40 1.90

Red 37.13/ 39.22 28.34 /7 30.91 20.76 / 24.89 5.30

Blue 48.53 / 47.91 4.59 / 4.66 -34.09 / -34.45 0.72
Green 65.03 /66.18 | -18.65/ -18.26 6.30/5.70 1.35
Plaster 94.72 7 94.52 -0.39/-0.24 0.69 7 0.66 0.25
Lime 93.25 /7 93.00 -0.34/-0.19 0.62/0.58 0.29

Values are the averages of data obtained with three samples in the measurement. Numbers in each column for
L*, a" and & indicate data of unirradiated / irradiated samples

4 BEXFIRZRTOBGHRICEDHED
il & EERA DR DR e

EHOITWRIZ, BEHRRIC L 5 LB REZBEL
TDH CIELB IERIRIZOWTHNRS . RIFZETIL.
ETIVARE LTEREM TR ECOF > < #EFHC
£ %W EEFOWHZIR LK 0 = — OmEEEM
DRI L > TEMEL 720

KEHIEFOBE. A. restrictus TIXERBOH
%<y MOSEE L. A brasiliensis CIZEBORF%
BURARPBE SN, <R HE, 7THE
BIIBWTIE, WkkE dHBHERED 1kGy T
ELHERFOREVALN P02 —H. 0~
0.8kGy DRI EDHIFE TId, HEDOHIMIZIE- T
a0 = —HEOWIMEEIMET T 2 EmsRD 5
7z (Fig. 4)o MEROKXMEILFTIITRE 112132
HEOEBTHFEHAO%K, ERWIIEE LI, <
MBS TIREN 2 L, U cHiE [FHM
2015] LCWAIMBMETEEINS L) 2 EFE
EERERONT, REFEHDRORETRE LK
TEEHEAZI O LB L, T2, BEHR
DERHUETACBITLEEERELEIEL. dHBD
ZHIZ S HHEERTET &, Fig 5ITRT LI %
FEMBIRON, CORERDPS . A. restrictus D
FHWSA. brasiliensis £ ) b~ < RBEIZ R R KZ
BWTHAHILDBRDONT, H<HBHIZL A5
BEREETOERIZ, & CEE D DNA OgHEE
BBLUZOBEREICH D LEESIND,

YT IAC~DOERIZB T HE» D
D, BHHERANOHBHBHOWMA, EKEOLREE
B LB E DRERRIE. BRI BEEF O RS
12 & BAEFENOTREE DS TR S NS, %< D%
# % [Abdel-Haliem et al. 2013; Moise et al. 2012;
Manea et al. 2012; Manea et al. 2012; Negut et al.
2012] 12 & MUE. BEREARCRE. METNRE L

e BELBRERF TIIBCEERICILALEEY
Bz w5 TWE, V=<7 DS IV
— 7" [Manea et al. 2012; Negut et al. 2012] X, 7
YRIIGEDOERE T IVRIIBIT BT ¥ <#11kGy
DIRENC & L% FTIR (7 — ) ZEHHKHN 5
) IR UARICEI DAL, BREFRTIIINE
Uy BRICE FRE S REY DM E RS AT

MVEALD A S N5, EREFR CIIBEM LT
Holb LTwb, FELIE, KT ELET
A YV HRIBEIC & B TR D 5 26kGy D#EE T
BEORELHBER D) b KEANZ RV TEHRIC
BnL, 5 0VRPLOBLTHITEHTH S S
EERHEL TV,

AT OERO T < RREHC & 2 BEELIC
DWTIRET L7z, MAERNL. BE, K~ F&.
MED4BLABBLIUAIKTHY . BH L7-HIX
HMEIL8kGy TH D, HIEEHE X, L* (BHE). o' &
b (BEEEME) BLOAE (BE) Thb, 20K
&, Table 412”7 £ 912, 2FBICBOE(LIZIZ
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DEALDBD SNz TORERIT, ERHO—ERIZIX
RENERE IR OREIREINI LI LE
ALTBY, ERLEETREATH 5,

52, MoREHERE U CRIMRRETCIdIRaTE
EXNHECESIIBEITE LM, F Uy vBROBEIC
BB RE L SLBHCIIBACTE THORE D L 9 72
B EW~DOBEHIARTRETH 5o FHFE, FHlTH, &
BUGEESEDOONTVWAEZANVF-BETFHER
X MR 7% EMOBEHRDO BRI DWW T HRETHEIRF
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5 #5eE
BET % & SCALH O 7 CTGRBIIER SO E 70V 2R
B L LT, AR CREREHTRRS L U E

3) [EHH 2016; FH1t 2017
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Abstract

Microbial contamination in cultural properties has been reported worldwide as a serious problem and any effective
measures for its solution have been required. In this study, using the agar medium plates and painted stone chips as
model systems of cultural properties, especially mural paintings for the latter, the possibilities of application of alkanols
in both model systems and gamma-ray irradiation in only the former for the decontamination of mold were evaluated.
The inhibitory effects on the development from spores of saturated and branched alkanols having carbon numbers of 1
to 5 in the molecule were examined against xerophilic and xerotolerant molds. As a result, 7-pentanol was found to be
the most effective. The inhibitory activities of those alkanols were characterized in a solubilized form by immersion into
the agar media and in a gas form on the surface of a stone chip. Gamma-ray irradiation also suppressed the
development from spores of used molds at a dose of 1 kGy. The effect of the growth suppression was due to the
reduction in the growth rate after the lag phase of growth. From the results obtained several possible problems in
practical use of alkanol treatment and gamma-ray irradiation were discussed.
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