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1. FLHIC

EW S TOERMAICB W TIAY, FICHh I A2 BEORILZEELZEEDO—2TH
%, 1y IPM (Integrated Pest Management : #& WA ELEWEH) I2BWTIX, BRE
BERUEE - BRE OB % 2BV T OGP R S NE, TN D ERED, 7
ETHo7HAI3H LA LLD DR, MEITHE LA CRZDOPIT L o TR 2
%o NN CEFETHOWEED H C, SHRBEEIEAR - T 28N 5556121, T4
RhuREHEE L BICT Y ) VR L VRIS L A RRALE A ET S, HHAIEICL D
LbOTIERWIEER, HETHo72HAETHIBL Tz D IHEIME &R S B 351211,
BERANDWBENPVLENRS A 7)== 7L RBEEBROAT T RGEEND 5,

PER,  EORLETERC PURE BRBE O M2 3% G B2 D G R0 A% TR AL 1 D %)) ) 72 |2 8% M2 A 23 F v
BNTELD, LETIIATPHERYMAENEASINDL L)X hoTE/. TNETHMWE
FTOATPHEWY MADOTTHIZOWTIE, EWHE, HhS AR EIZOWToON%
258 B %Y, NURRE S5 T OB 35\ TR 19 2 B iG Je B Tl ASTT R CTdp 5 & & &R T IS
LT oTWh, ATPIEIY MAIC X 2 7 CEEOH] ERTEE 2 37l 5 28132 <,
EHDOREBZ L > THI SN TR 2OWBURTH 5,

Z ZCABIZE T, WA IPM ~0 ATP & EH) AT O FIC T, 8BRS A AE
T5H CEFEOENEOREHIBTEX 20 OWTRIET 5 & & 1T, IHMEAMEW & 3Rl T
&5 HEEME L7,

2. X8

WA CRINE N2 A 255 ETRIFE L 22085, @HIIC ATP | E ) At 2170,
HH D ATP L E ORI 222 WE L7z ATP 3G OZALD &b £ % O %2 34l ©
ZLDPOBEEZAT, WWEHSEICHE TS5 ATP I E WY MAEIZE W TH EEFOWEEDIMR N &
HWrCT& % ATP St O HZ 2 HEf L7z,

2—1. #HHFICOWT

HEWEEHNOFRRIIZZ  OWHO H E2METE L, F-Ma4720 o ATP &F i3 mAw
WXk oTHEZY, 107" mol/cell GHE)~10 ' mol/cell (BB - A ¥) L ShTws2d,
ZOOFEBRIIIEWEHEFICB W THRNENLGZHO N €k TN EWVERT 5LV D 5, B
oI E CTHRIL 727 €% PDA (7527 MECP AT F 7% A bu— 2A5H)
v, #8925 CHREEICOBER R LIRE & L, A KERIIE» STEME~NELAT R
HERB B L, KRGS L2 h 2o T FEBRICHEE L7z $RILL 723501 & IR
IZDOWVWTEILITRT,

HEEB (585 T AT (fDNA5.8SITS #ill, 79 4 ~— ITS5/ITMY, Mkt~ ruy =
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v VXU FE), MRS (BLASTY i3, NCBI/DDBJ]) ROEBHEAEY 12X R
WEIENT (MEGA X7) 12 & 0 AR OHE 2175 720 7 BICREBIEE R R - AL MR
HENI T TV,

2—2. BAmELAEYD ATP BXEDAIE

PAEY OR B, SFICHMBOMBEOREICBWT, TORMIEEDENE D LIC, B
H (growth phase) & LCZDEMZ T2 2 & 05%H 5%, BIFHAII A E A 2 20 VI
Hl (lag phase), ZHUZHIGES 258 (log phase), 45l & S APy L W2 T LA ES
—E & % HERIE (stationary phase), JEIEAHEGH % Ll 0 WA T 5568 (death
phase) G EN D, RIFFETIE, ZHBLORIKEZ L LMK E O PDA L TOHEIEIC
DWT, B ATP S RIS L), HAHFE Y72 D O ATP StR) 5 B 0%
BEMITE 20 2MRT AL L LI, EHM2 LI F C2EErsw Y, EREDTH KRR
V5 0 2 WEVEAMR N & BLE LT CEFEOTME R L, ARERTHRAL2VWTIOR
FECH > THEFEIGCIRINICH 2 L W TE 2R Z KD

FTRTOMBRE ITREFTF25 C T 280, PDA LThHi¥2 (preculture) L7zd%H, T
PDA FHEHEEHICHEM L, 1 RWHRICO ZFHISEOEREEZIER L. T o ZIEFH25 CT
RR23OHHPRE L 2h3 5, @I 1 BEETOHEM AT 71285 ATPH SN BEZ1T-
720 ATP L Z I Y #eA1d3M 11 % Clean-Trace NG Luminometer / UXL100% 2720 521
1 HIZD & S ATV ESfEZ ATP 56E (RLU) &L, 4> 7Y ¥ 7 (em?) THRLUHE
PR YS72 ) O (RLU/em?) 28 L7ze B> 7Y ¥ ZHERIEHE S L CqH L
WE420.1~0.2 cm®* R TH - 720 TR 2 WI/T T/, 1 I HIZ30M kIO W T239H %
TIZ10Mm], 2 [ HIE33EARICOWTI47TH ETIC9OMoEE T-72 (1 BHE 2\ H TR
WICHEBED D)o Z2BUWIIHE L2155 OHEEICOWTHE % Gl L TWwWizhs, FEiko#
EPH9I~10EF TE L7,

3. BREEE

3—1. BYERIETERIN/EHE

AR & D g SN BERNERAE & HHFIPEIC DWW TR 1 ISR T, 49 RIS W T REALE
SR SN, ThoE2h CEFEOE MBI 2B E Lz, 28 1 Wk T
Blast MiZIZ B THIFEDOFE Y (89%LLF) DO LAY Lo /220K EMK (Fungal
sp.) & L7

IYEERERR I IE TSI R ORIV B PDA # W22 E 05, IRV OB & 4l
AL 3R 2 WHES D EEREI N WRED H 505, SHOKIIZE W T
Penicillium peniciroides X U & U702, TWHMEE ShaREb MBI TEY, 5
PRI AR BB AR T A WM Z IRIA CHRML TWAE D LEZ 5N b,

3—2. HEEEDOEHEE

R L7 ATP E ) AR E 2T 71220 T, MHREWS 2VWIRETHOT T v 71l
1333916 RLU 2, MM L CWwiw PDA MR ZHEW 72Ny 7 75~ Rl
155~310 RLU/cm*fRETH > 720 1 155 MOMREEEZEOWE BT, ATP 58 (RLU)
O EFRFAET T THEMOR]L. 9% FENE, MATISHIEETH -7z T EOEHFDYT
YT Y TEATOWT, PREBRICB W TIIEZEOHLE & REE T ATP 6 mICE=IE ]
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WSS B 5 ATP B I) BRI & 2 7 CIRFDIHERFIIZ DT
F1 AR OFRICIRIL & HE 5 S 7z BT
o . Accession  Percent
Identified species numbers  Identity
(1 fE A Penicillium spinulosum HQ608085 98.68%
PO SE = 7 2 VWK LIENC38 A Toxicocladosporium strelitziae  KM816684  100.00%
L7-Ahe
(2)E W fE B Aspergillus versicolor MK680178  99.33%
WU RENC S8 L= A E Penicillium chrysogenum MNO069559  99.50%
Penicillium corylophilum MK450687  99.35%
(3 fiE C Aspergillus glabripes KY087614 99.83%
N EF LIS E L2 h ¥ Aspergillus penicillioides GUO017496 99.69%
Aspergtillus versicolor MT102847 100.00%
Aspergillus westerdijkiae FR733837 99.82%
Fomitopsis pinicola KC844852 99.27%
Parengyodontium album MN592962  100.00%
Fungal sp.
(4)EW 65 D Alternaria alternata KY788023 99.04%
PO CTEH ST = Fat bk Aspergillus niger NR 111348 100.00%
TR NNy TNBERD B o Aspergillus penicillioides MHS864329  99.68%
Aspergillus sydowii MK224836  99.33%
Cephalotheca foveolata KT385713 98.42%
Chaetomium globosum KM268670 99.66%
Cladosporium parahalotolerans MK910064  99.13%
Cystobasidium slooffiae AF444589 99.15%
Penicillium chrysogenum MT133788 99.82%
Perenniporia subtephropora JN048763 99.51%
Pestalotiopsis knightiae KM199310  99.67%
Toxicocladosporium irritans 1L.N834442 99.47%
(5T Fed LTHEMEE D A SNz Aspergillus australensis MH857398  99.01%
ARG ZERE LR 5558 Byssochlamys spectabilis KR909186 99.50%
Chaetomium gangligerum MN562086 98.51%
Coniochaeta boothii NR 159776  97.31%
Penicillium citreosulfuratum MK910054  99.67%
Penicillium decumbens MK267667  98.84%
Penicillium thomii MK910061  99.00%
(6)KRIEMERHIIEE L2 E Alternaria alternata MN944587  99.83%
Aspergillus unguis MK224839  99.33%
Aspergillus versicolor MK680178 99.83%
Cladosporium cladosporioides — MH865207 99.64%
Cladosporium halotolerans KP701958 99.47%
Fusarium solant JNO006817 99.83%
Lecanicillium aphanocladit KC574075  100.00%
Mucor circinelloides KY434114 99.17%
Penicillium brevicompactum MHO047201  98.69%
Penicillium citreosulfuratum MK910054 99.35%
Penicillium crustosum LT558920 98.52%
Penicillium daleae NR 111503  99.82%
Penicillium glabrum MH854598 99.82%
Penicillium granulatum MN493047 99.19%
Penicillium paneum MNb511352  100.00%
Penicillium rubens MN493046  99.83%
Penicillium sumatraense HM595500 100.00%
Penicillium westlingii MHS864316  100.00%
Trichoderma capillare KT862523 99.53%
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LN o 7208, RERTIEIHOMBEES > 7)) Y IfE s Lz,

PDA b CHi38 L 7oA ORI 2 HALIAT S 72 0 @ ATP IOt R IZ O W T, R
7% —3OBHMIZOWTR L ITRT BRI X o Toli (growth curve) DEIRIZHE W
MRS, EE, WM, #EHc oW TSI TE 2w 0d 508, ATP b=
PSRN U BTN OWTIE RTINS Z RN TE 7, TR E g S - m ik z Lt
L&A, BARBEOBMBIHEARL LN TWSE Z 2 s, EBROHBIME ERETE (K
2)o TNHORERNS, REBFTHEICI D EIHHOEEIIOWTHRTE L Z L0 ro7,

FTRTCOERFIZOVWT—2DHIZTT Yy M L72b D% 3R FFM D S 0504,
LY (N @) OMALER Y720 O ATP F$6R132.0x10°~1.0x 10" RLU/cm?0 &P, 3E
W (K O) 131.6 % 10°~9.9%x 10° RLU/cm*D#iPHTH - 726

DL o E2 S R E O PDA L CTOHEEFIZOWT, BEOH~5IEN Ot RO#PE D 5
#4210* RLU/cm? Pl b OBHIIGTED S W B2 2 LT X 5o T 2B o5 e R
DS b, RO ~HIENOREREO FRTSH 52.0x10' RLU/cm?L FThhE, wih
DWW TH > THIWIICH 5 & vz, #5410° RLU/cm?D F — ¥ — T AUXIHE D &
FETE B, TNy 275y v Rl 5 AREBREMEICE W TIZ10* RLU/ecm?BUF o841
EEDPUTITTER L T B LHIMTE 5,

3—3. AERICEKDHEBRRTMOBESICDONT

ARWFZEIEBE S N SR CHRINE N WO EHF Z L L L TEBREZIT> TV,
RIS ORRE & K& SRR 25 (B2 130 EUMNOMAEW DS L GAET ABRIER L) T
DPBIZOVTIELT LU T TS WIEEDND 5, RERERIIH T T “WiHERE
TOHN CHEFENNFMOH LR L LTEZDLLEND L, TLREGHOEFETIEINy 27557
K &7 % PDA Kb 38 05+ 51k A 7228, HESORBOMEICB W TIE, B %
T A2MBZ0bDREREICLDIHELEZONL2OMBOWWENLEL B L, BB
ATP REWY RETH VLA T 7OMBIC L - TiE, W UMESRETH-> TLHLE
MRLDUEEDH D, B L TR CTH %,

4. HHYIC

REFFERD S, EROMWASONUEE, BRELERERCTH EEOHRENE O
ZOHHRIZOWT ATP R E WY A &2 1T - 7234, KEA%H%E L T10" RLU/cm?BL BT
HE, D SR EILA - BT A WRENED S Y, 10° RLU/em?D 4 — ¥ —Tdh
RTEPEDME Yy, 102 RLU/ecm?BLF TR E 7213, 5P EIC X 5 b D TR WD
FWEEITE B L2 50 TBITTEDMER W & W & 7285 A 121X B A 70 SEH WL S AP
FLIIBRO%wDs, HEEFRIIHEEE LD LICEEEITHNIRETH LD 00, T XTHOM
JAABEIR L TV B DI TR R, FEHPEZIXTENEMT 208D 5720, FI471)—=
V7, ImmEEE, ofEih s OB LD, KEBREAESLIEO ) A 7K E K 5 LI H
5o

T BAWM I I AR ICB T 5 A CEFB IOV TORLFMi2 HE LTBY, HEHTE
HEOMERTE R VB EOFEGERESICOVTIE, EROEWHEIESTOWE - 50 - 3l
OHEFEWR L, WMNNICED ATP BEEFHPHOHZ 2% E L T BERH L, TORIC
DNWTEHERD T EHEEIE 2 HlT Tn & 720,
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3 TRTOMKBEOHALMFE Y72 ) O ATP e OHER
FERMAH S TR BN, ATP BERE 258420 U 2 5600 2 FH S TRd5s

At
AR, PR30S EE~ PI324EBE B2 F 7R B3 (A iF JE B i 2k e Bh ) 2%
WHE(C) (—M) T IPM ~ ATP ${ & HUY MAsii H 1A 72 268 2 F 78 | RV 7 -
18K01097) 12X B RO —HTH %o T 72MAERN D —EFIZ D W T = HIRAR G W
T HEREEIC L D FERfL TV 5,

B
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1) BIAL ¥4« UL SBRERESFIC B 5 ATP M E ) MADTEHIZ DWW T, AR,
49, 1-12 (2010)
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F—7— F:ATP W Z I Y #Ar (ATP rapid hygiene monitoring) : T¥fE (Museum) : 7 ¥ 4% (Mold
colony) : # ¥iEME (Biological activity of mold) : IPM (Integrated Pest Management)
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Evaluation of the Activity of Mold Colonies in Museums
Using ATP Rapid Hygiene Monitoring

MABUCHI Hajime and SATO Yoshinori

The prevention of mold outbreaks is one of the most important matters in museums.
When mold-like stains are found on the surface of cultural properties or walls of storage rooms,
the measures to be taken differ depending on whether the stains are mold or not, and if they
are mold, whether they are newly developed or mold traces that occurred in the past.

In this study, we investigated the range of intensity of ATP luminescence, which
corresponds to low mold biological activity, using ATP rapid hygiene monitoring. The
changes of ATP luminescence from 63 mold strains collected from museums were measured
by periodic ATP rapid hygiene monitoring, while they were incubated on PDA for 147 to 239
days.

The luminescence intensity reflected growth curves of the tested mold colonies, and the
range of luminescence intensity of the death phase was evaluated. Based on the data of the
experiments, ATP luminescence levels higher than 10* RLU/cm? can be evaluated as high in
mold activity, those in the order of 10° RLU/cm? can be evaluated as low activity, and those
below 10 RLU/cm? indicate the sample is not active mold or it is not mold.



