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(%% 5 $t) Foxing 7 b8 L RIRE O 4B - WREEHE,
foxing HREHERS s L OBH R ERIZ DT

T S T S

. & L & IS

el - FREFOKBR UL, BEHS (oxing) ORETIHCEHR 2 H %, HiH
T, WEFIS7TARIC E A % 5 7o BULE 0 BRI S U PSR ZWEICIUR - BR L O b B
BOETREE I REA: U foxing BB (DRI %) €, foxing A7 © REREA
CARRB Y EE XD EATER L o fc S HiE LeP, Chik, $E2EA49%E K foxing
LV Ao BILREOFEL M- CTLSE, foxing O MBIT A8, SKIRWEOEB &l L ¥
BEBELTW 5 EEL TERELHEORIHLFET 2HRE LT

ZZC, EHX foxing OFLHMHERLSGRRE LHE L, SEESUEM ORI & BE
HETHZELHEME L, foxing OBRER L HEEHELHHT 5050 HaeifEE L T
Do Tixdb, foxing iz BARE L7 RRE OB R X OHEREEMEEZ % L, foxing
BEAREOBYRE Lic, X bie, foxing BERRREOW¥HNINE & PEREZMEROR
FRIE GRIEBE) » 1 e Li-ERcH T, foxing oFliEsEEL, BESck
5 RIfEETO foxing DR RICOWCTHET 5,

2. Foxing OEFEZEFHEMKES L X #BHW

Foxing OF4: Lc#UL, H5KHGBRCTEETS L, AABFVT RREPS HEeT,
foxing FfrC OLAAREI ETT 5, THIXEELER LTS TEB 5D €, foxing
R SARRE DR RN ER LT b 2 L EBR LT 5, BRI foxing #fr & ARy
AR THME (L SEM 3l 5%) CHET S L, KEOBAIMMI o SEM B, KK
DEEHED 2 &30, foxing Hfizo SEM 813, BEOBMMEC RREOHEANTE LTV
(W—1, 2), SORFMcBET S L, WMo LS XU, RREORT £

LR
Jii v =Tk 47 Bl—2 JE#Lo foxing #fr
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%

B—3 AR#Eo foxing #frfiAk

ST PEILL T D Z bl Bt ol
(M—3), SEM @D—1 & ¥— 2 % [big
THhiE, foxing oD MidEAE L H
X hTwb, 2FK, foxing B & KHTE
t: (water activity, Aw FIIE323 %) 0.84,
25°C ¢ 30 HHREE U7 foxing #fricid, FRAROMMED & M OBIRD X 5w hF LT
TR B LT e S, W L CaE T BRARIE L O S R R AT
SEM @538 bhic (M—4), ch b foxing @ SEM i X H#IZLRL, #o foxing &5
Rl & OB S FE LTV DT L 'R LT\ 2,

—7F, foxing OFEEEBLEME  FIELTWB0T, B foxing Hifrosk, @S, #
DML EM Uiz T7b b, SEM @7 % =3 v ¥ — SEiB X B Ao EE Link-Q 200 ]
(LAte EDS L WSEENIC & 5 Bk foxing iz 0 WG RE, FERTALCEE, g, $howvTh
LML LT ExaE] L (50,

B3—4 32380 foxing 7

{(a) WRHEED foxing (b) FEEO B GIRD
HE—5 Foxing & X0

3. # B B #

Foxing ®3tEHT, BHLE L T\ b, 7o & 2iE, BEFEOE RS HE o ZIUE 0 Rt (3—
6), HEOEBHEACHEEPOBEMEE (Q—7), EREo- 7 (H—8) FThd, hb
o foxing kNI, Aw0.94 » 0.84IHE Licz vy =1 ==y MEDET, 25°C, 7THE
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E—7 BEfl#lcie4d L foxing

M—6 BFPEETEER (R itk
L7z foxing (FOEHEL foxing fir
DA

FoARS0H RIS, FREERE CHE L,
Z LC, foxing oo AT F84 Lz Splb s
i, JEBAROICA0% HERE A b EH AR F
B, FOBEMA AFEOBRER L L v
7o K—8 PEEr s Lt foxing

foxing B0k ‘ o #e = B # |
B F 84 [ BF84-1, BF84-2, BF843,  BF8i4
K F 844 | KF84-4-1, KF84-4-2, KF84-4-3, KF84-4-4, KFg4-4-5, KF84-4-6, KF84-4-7
KF84-8 | KF84-8-1, KF84-82 KF84-83 KF8i-8-4, KF84-85 KF8i86

K F84-10 KF84-10-1, K F84-10-2, K F84-10-3

| KF8#11 - KF8411-1, KF8411-2, KF84-11-3

KF84-13 @ KF84-13-1, KF84-13-2

4. HEABEHOLEEMME

AL A E UCHICBEE &7 258 0L, ook -85, & QekOGRE)
DEERZT 5. FEL, P> DEHE LA ARE ST 5 & &, Alke Tk
LDk LICER DR ERE WE L, KT 2805300 74— Aok LT
Do Tixbh, (LHEFMMRIRE : Aw=1.00 COLATE, QNEHEMERRE : Aw<l. 00
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TOLLEE, QLT ARRE  AwS1.00 ThE, O3 XA —7ThH5B,

WAL O M EE BN A T AR E LT, RINEENEMN T2 & AR 5 AR
DR LTS HEMES B 5 O C, FEFAIBAFELIEAIRE O AT 2H MR 2 K i L € v
%, Foxing 7 LAl LcglE#H & foxing Mot owvTh, HHME o8 LTt
TeREt Lz, |

4.1 HEBHEOKDEE

AAPTEMERL, B (e » v o A, e r v o a, o r vy A, 8T vE = A, 0l
fe—= 7 5w s OREMER T, Aw0.94, 0.84, 0.75, 0.65, 0.55 %, ZREAKT Aw1.00
B Lic, Tinbh, 79 AWoKSENRE v (B 11mm, A 1I5mm, {HE 20 mm)
2, LR oFEBEOBRNEE 1ml ST ML, BE LY S -7 ATEHEET H, EVO
Yo e =735 2%, HEH 7 ) — 2ATEERT L, 2FK, 23— 75 20N EE L
10%+ 5 5 v (Difco Bact-gelatin) % 1 &AL, —HEAREOTERBNICHE ST, ¥
F VIO K H € R ORIENE LN ER Ld B, Thn b, €59 VIE RCHERE RO
EFEIETF O T AERE L, 15, 25, 35°COERMSCIAH IS Lz, TOM, &R
RS TCEIE L, DETEORFEORE, AHRN AR L, Lok, #HHEEKDO 7Y
& #5 7 (climograph, S&ER) %{EH L, KO T HER D biexl, SMRY, JEFPED
30D — TR LIz,

Z DA, P U725k, 7 Bk ORI M R, 2 DML O 18E BT T T
YRR TH - oo

4.2 HREHROERT M

HESN RO T A AR, ©F OJE TR - Ml LT ORE & Lic, Tiobb,
#1Xlem OXFF VEXMHUL, FEEOET FIETFO L RTFEHIO LT F v
PR L, Aw0.94, 25°C, 14H MRS Lic, PEARIRR B Lic¥ 9 9 VB, 0.5ml DR
ke @ik L, 165°C, 48 WEfdhhi, BEOHE Ui R A A U, 150 o OZEBKICH%
L, ZhE AR O AT HRE S Ui

%1 Foxing 7 bANE L7 AIREE O BN & AR 5 A B D B

_ T , [
G | e v sem | m | w
B e A g% P4 ) P 2= ZL i iii: i)
Aw ) itk No. =
% | KF84s-1 2.05 19.08 161 | — 0.38
i B K F 84-10-2 1.57 6.76 — — —
(Aw<1.00)!  KF84-11-3 — 9.01 — — —
Aot NSRS S
K F 84-4-3 0.84 — - — —
] K F84-4-6 0.72 — — — .07
| L —_—
gt b K F 84-8-2 0.97 2,37 2.49 1.11
I K F 84-8-5 0.72 — 2.49 — 1.04
| e A K F 84-8-6 1.63 — — — —
(Aw=1.00) K F84-11-1 — 1.35 — - -
| B F 84-2 0.49 .05 — — —
| B F 84-4 0.60 3. 98 = — —
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—@vusyg
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3
(a) MR RIRE No. KF84-8-1 b)  ZAFRIFRE: 4R S No. BF84-2
B9—9 Foxing 7 HHE L RRBE O #EES
EEMERSEEBRIKEI D P 4ut:

P—F 4 v 7% :0.00M HCL, 0.1% btV + v X-100, -7 5 =+, pH 3.60

A I F AV 0.00M -7 e vER

tk B | H: 250—100 pA

Fy S5 VFa—7F 1 20cm

AHERL, BEMENSEEESNEIEE IP-2A T Lz, T7hbb, AV xav=n s
7 5O Pu {H DABBROBEYFE L, SOEE» 52 REL SR L ERcyE— 1 kR
Lice ¥io, HOREFIRMESRIREE strain KF 84-8-1 & £ fEp0IF B SR strain BF 84-2 o
Y Rrm7=e T a—BE LTR—9IAR Lic, TOREEMN L, foxing i b 4rHE L7k
X, TR, U VIR, S VR, BEBSBH S hic, ChODEBIORNT, Vv =
DERBAFHNTRD bivico TTobb, MAHFRERRE DO 78l F Mo R ekiirHE
PARRBC Ry v IR 5 ~ 9 {54

Uiz UL, SRR RRE T,

&—2 Foxing 0B Em

B S RO BT R T L o enh !y ot ‘ " ml
DI ho oo foxing #p | o |
B #%| o+ ‘ + ! + ’
4,3 Foxing DA R i+ + +
e | - | -

Foxing 7%, RRBOERIC L - THWE L

Bt
.3
\

BIpv
— B4
—Ruva

——

-

(a) foxing SO (HIHL) (b) BEIMZOHHHE CHER)
' 51—10 Foxing Lo i
&M RS ERIKE OO &4
V—F a4 v ¥ 0.00M HCL 0.1% bV b v X-100, 8-7 5 =+, pH 3.60
A— 3 A EH0.00M n~- 7= v
% B B IR 250-100 A
FyFFVFa—7:15¢em
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Shich OTH BT Y, foxing Hifnic foxing FIRMIREE DA KT B AMIRAH A LTy
BECTHL, F T, ffixofoxing 3E o foxing i %, 10~15%7 v & = 7K THH L,
SRR RS TG, TIAME LT B NSRBI TN L, Lok 2
L1015k Lic, 2hX b, foxing iz, 7=, ) v a8, BEE2ASEL GRS
B, &I Y TR S EIC IR S i foxing UL R it Shud, foxing 2 b4
e e AR O MR M SR 2, U v TR A I B R Lo & & LB LT

4.4 HEFHKICL D foxing DFHIR

SENUE DRIED 8 X 8 mm DOHEA AR L CHEE, SREHRSHE BB LT, Aw0.94,
25°C, S5HMIEE Lz, D& &, A CHRAEDORD bk, KF84-8-1, KF 84-8-4,
KF 84-10-2, KF 84-11-3, KF84-13-1, KF84-13-2, T, W IFh M v cd -
fo (B—3)o

#—3 Foxing OFIBIEE HEHMROI TN X OAERATIE & DBIR

LT ', | fox
i e Al | Vv iy VR AL B % '%mir-lﬂg ﬁ:
Aw. Btk No. } _ 5 -
| KFses1 . 205 | 19.03 | 161 — 0.8 | (+) |
| K F84-8-4 * B & |
A K F 84-10-2 vs7 | oeor | — | — | =]
R KF84-10-3 | g l i (=) ‘
Aw<iop| ~KF84LLS — g0 | ——J - - L)
K F84-13-1 * ]| 2 (+)
| KF84-13-2 * ] iz ENC D’
K F84-4-3 0.84 — — | - — (-
| K F84-46 0.72 - - —_ 3.07 (—)
Py K F84-8-2 0.97 2.87 2. 49 — 1.11 (=)
K F84-8-5 0.72 - 2.49 — .04 | (=
N K F 84-8-6 1.63 — — — —
(AWS1.00)]  KF84¢11-1 | —~ 1.35 - — |
| BF842 0.49 | 4.05 — — I
| BF844 0.60 3.8 - — -

5. Foxing]ZEERREDRE

meg%ﬁﬁB%%Lk%ﬁﬁ®%M%m,%@K%K%?%%%#E?%ﬁﬁ%ﬁﬂ%
ﬁ%ﬁ%f,wﬁﬁﬁ%@%ﬁﬁﬁ%ﬁ%mﬁ?%:&ﬁﬂ%bto%Lf,ﬁﬁﬁ%ﬁ@?
%Wm,%&@%ﬁﬁ;ofuyf@@&&%ﬁ%@m®wﬁﬁmm&fﬁb<%vamﬁw
&%ﬁufmmgﬁﬁ@ﬁ%%ﬁﬁﬁ%ﬁ%ﬁﬁtﬁ@ﬁ%&%hkoé&m,%a@%m
ggfmmgﬁﬁ%%@u,%%ﬁ%&@7%&@&%%@%&&%&?5%%&%t0
bl foxing I 4 BT B ARE D724 C, M IFHRERIREE 2, foxing OIARIC
%%Lfb%Ck%%%Lfbéo%if,ﬁﬁ%ﬁﬁ%%¢®7§ﬁ®%ﬁﬁﬁﬁ%ﬁ%%
foxing BHRARE L HHL, chbofEFE L.
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5.1 Cleistothecia Z W L 2 W BEi#EE (KF 84-13-2, KF 84-13-1, KF 84-10-3, KF 84-
10-2)

AL, AR T25°C, UHMHER LA L EDABTEYEREROERTEDLT &,
YTy FEREEMT Ocm, 0%FMEAD Y 72y 7EREWT 1 lem, 40%EHEAD Y7
Ny 7 IREEMIT 2.6 om, 20%EEEA D ZHI - B AZEREH (MY 20) T 2.2cm,
A0%EREA b F3IFT « B =3 ALK M40Y) T3.8cm THhotn, = OFERIE, K5
EEOWIEER L —FT 5, Tibb, Awl 00 TiR4AEFET, Aw0.94 DT CoL4HT
50T, REFREIHENFRERRECRT 5,

EHEAETERH MA40Y CToOEREEIL, BHEN LY 7 — FIRT, pale green~greenish white
wEL, HEL pale olive &7no 7,

AEHEFOBREIL, 4 FEADIICEAR THRERT 3 0B L CHERERT, 15007
A7 74 ¥k, HED FMOACHRER, 1.6X6.4p 1B TH D, BETERER CEHRIL
12, SHEFRICERTER, 2E TR Uik - BRAET, B 5L
WIS LB E D, B TOEDOKRERETEHRL, BT 3.0~4.0X5.0p &k,

RERENL, TOWREBFHNEDL S Aspergillus BB T5EMKTHD, F LT, Kok
3 HEEEAERHFFM TH H L T A, Asp. cremens group, Asp. glaucus group,
Asp. restrictus group D\ TWMHKET 5, X b, BEAHEIESR, 17 los4754F
MIREED LI O HIT TR, A TRAIHICRER CRA L CTHERC 78, S44F3ksF
WL L AME L Y, Asp. restrictus group O Aspergillus penicilloides Spegazzini
EFE Lz,

5.2 Cleistothecia ZERT 3B (KF 84-8-1, KF 84-8-4, KF 84-11-3)

FEBEIHL, SEEHT26C, VHMERE UL E04ABEYEREROER TELT &,
PT Ny 7 FEREEMT Ocm, 20%HBEAD v Ty 2 FREEM T B.5cm, A0%FEHEA D v 7
Xy 7 HERFHT 8.6cm, MY 20 T 7.2cm, M40Y T 86cm THot, & DOIEEIT,
KAOFEEDONERBRE—FT 5, Thbb, AWwL00 THEEFRT, Aw0.94 UTFCORET
T AHDT, REHEHLENFREERRECET 5, :

BEETHRMMA0Y COERERR, BEEIETRERT, PLIEICEBD cleistothecia
2L, TORBRSAETEO BiHs 5 pale green~pale blue green 21, ZEmEiL
pale yellow TH 72,

Cleistothecia {33k CHERD 220~380 , B L - T 120~2002 &5 %, FEETIHE
B’ 6~10p THBH, DETFHEIESR T, 1707 4754 FIRBEED EHO SR X
o, 2.4X9.6p CThb, EFETTRERCER 12, SETHILERSCEE, 25T 2.4
4p OHFIRGCREC L THDH 5,

ARBEEREAL, KO3 2880 I ©, MREHME CRoETHEABENR, HE
SRR, 1307 4754 FHARBED L OLABEIh B DT, Aspergillus glaucus
group &5, L L, #HAO cleistothecia L, “hiiA b r=, v o— UK
BERT, B2 fIRETHBR IR T30 T, KRERLITOSHEEHD Eurotium BC)E
T 5, AEHKHOTERTX, SEM THMcEBETS L, vV XRT, BOERBMIE LM T
BHy, BEIMMES, BWREROEIRD bhi, Ld-T, KRB HEB IR, Euwrotium
herbariorum (Wiggers: Fr.) Link *[#&%& U,
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6. Foxing ERBEOER

0T, AR OREEEEL S, foxing ORI IIESHFP: D Asp. penicilloides L E.
herbariorum %05 LT3 &2 T 5, FEIROHELGHE S foxing 73564
U7 fERR0E, ATV CRFl Uizo = OROFBEE ORAFRE OMA L foxing BRMRIRE O
EHMEE S OMIEH R O, foxing B E LI TO X 5 2B L,

— T, BRI X DEELRET D L, BEME L OMEOMIERS E LTI LI &
Fz BWEHDH D, 7o L, KMBEAECHESX, Rfoxire -2 7= v 5@
L, REBESOERDE LT, BF - BB LS BEIET 2, L Lind b, #Ami,
ST EOMNEFE LM BEORT AR Ler bESZER L CERE T LR bR, bhvb
hoMBECHFEET S, FWEBEZEDH DO DWETIY, ERPIFET 2 58 O BE gt
INISBER DM EE LT\ B, T Ted@ foxing BRARRE O X 5 7o iF PR AIREE, o
TR0 5 fuF (CAERRTF LIREET 5) DRFET 50 Rl /o RiBE ORBESLAL N X
ho L, FBcES R TLHLORTFROBES R - TRFET L, Lonl, BFHOED
CIEREN B D O T, JTH BRI LLERP OB OBESITE B 0 DT, BT
THTFEHEE L TEBRELRT S, & 2AD, BFEULLREROMO LT, HRRx o X
5B D CHLIAETRIE, ThaESHSREERD, DT ERL MR L TEHET S,
Lo L, S oftEsgoEmCE, Bl wBRIV NI R TORM THRE LTS
@, foxing BERFREL, MEHOLHCHEET 20T, PROBERYES L LT
BFE e OBER 2 ~5mm BEOCEESY MR L CHBIMEILL, BEOBEC /b LEL
HBONFELZRTHD I,

1. FERTVEOREGIRIE L foxing BhR¥ R
AR o R A 1 TTRUEENT, TBR4TE,S DRIEE BT IE - BREh, Lo 5 EEM

%mw A VW e
% [TV W™ Vi

' ' ' ‘ | ’ ] T2 T a2 3
ssg 2 5 6 7 8 9 10 M S59 & A

H—11 Pyt oa iR
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5 foxing WAV L3R Mwt D, =
DR, FoX 5 BB 5ELHREI R T
e BMBUEN D HOT, WREWHEN ORI
B 1 FMERLCHESE, ZofEYN—11TxR
Lico 2hib, FEEWER, BETEPLY B
Ao, HExigEN70~80% RH, REA20~ [°C]
0CEL T BHENHY Ui, —7, g

]
o
1

pmd
(92}
1

L I i |
S3HE L7z foxing BERREO 7 V275 7 (X 1.00.20.8 0.7 0.6
—12) 1%, BEAEE SN Aw0.75~0.94 G Aw
REET75~94% RH 121, 25~35°C @A LT El—12 Foxing EEARE D7 V75
Wize Lichie T, PEREHIEE, B4E7 B (R BRD

59 AD3 & A foxing BEERREOEBE I (Aspergillus penicilloides strain KF84-
o & YIRS R LT\ e DTH By ;3:§:§uratmm herbariorum strain KF

Foxing HRARE 0 7 V=75 713, “h b
DARED Aw0.70 LITICie s & RFRNDPFWBEL, 3L A LKERBE 05 2 & 28 B Sn
THDH. —#ie, BEDAOLVCEHMORBERE T, LEHHBRMH TR, biED
BUIR TR 2 24 IR E T 2 BRI TR A Ko PSR ME OB BRSNS, 7 8
~9 A D Rz BRGE, Aw0.70 DITEZR LT3, LT, 2037 AT fPI 08
SRE R 70% RH LITefoB i +hil, PEREMIET i % foxing OI841T B Lw]
BBETL B, ZOX 5 TcHbc BT, FEEEWIE D foxing iR, 7E~9 Ao
FIREN OMXZE S 70% RH LT LB 2N ORIBEY RET205, & - & L EEHn
ORGHHETH D, . :

TOfhie, FEELPERBORRBEOREL BHiRT 2 Hike LT ER Ui BEEEER
BOW, L, AT L BNBEAE LB b TTRIEM T = v s A | Bk
7 DRBH OSE EH s [FBC | A2 HETH B, b 2if, PEESWE TR
RLRCEEPOETLETEL, 552U 50~70% RH &R Li- 35088 s
T, ZEEMHY = R 7 g L ATEET B L, ARORER 10~40C LML, 7oL 240 -
NIESS 80% RH ORER /- Th, ZTONAOEELRINCHEE L BELY—Ffon
T, RREOREEZFIETE 2, S LK, EEBIIZ OBBHEEI SRR ORAER IF D i
HF, BROMNEZHE, HREKEOEMLEN T 50T, HMEEOEEDORL HTIE
LB ORFI ELD THEN R B EHAL TN 5,

COFFEE, BRTRVFELZT, SATERTRBES L ro0REL D, EicE
BLTWBE®,

8. & b Y I[C

WEEC Mo foxing 12, fic 0 BRECHBM SRS, LiLigs s, foxing © MB+%
B2 ERT 5L, foxing OF 702 BREFIARRE L EHIE L T 5%, A ORED
B, foxing BRARENEMT 5 L I ERERAN BR IR S LT, foxing @
BERAGEZHLTHLHEDH D, SHIL, SIEFHTFEYEA LT foxing MK 2 520
THFETDH 5, :

BhHUE, FPROEREBRTEMETE L XEOIME, BAETK. K. B2 Emts
MOGEAREHE, KBTI H AR BB RS AS PR L2 e oS M4, B
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WEOHHEELLOT, ZoFELEORELELET,

X ik

(1) ks - IRBEEbf o BT 5098 B 13D MoBREH (foxing) 7 bARED S
B, BERISE, 23, 33—39 (1984)

(2) Bk - HAK - o RURFRT 2 P15, GB1#H) MR ZHEEME Y E=17 1 =
— 7 4 M A DAL BB I~ DR, el oREE, 25, 89—102 (1980)

(3) #HFedEk - BEET « S\ o RRFBET 5%, (B2 H1E&H%E~o BO-
PVA 7 4 0 2 DiaH, {RAFRHEE, 22, 39—45 (1983)

(4) Kenjo T.: The Use of Nikka Pellets and Japanese Made Plain, The International Journal
of Museum Management and Curatorship, 4, 65—72 (1985)

(5) #H# B :FAE, WEf6291 A

Microbiological Studies on the Conservation of Paper

and Related Cultural Properties

(Part 5) Physioclogical and morphological characteristics
of fungi isolated from foxing, foxing formation

mechanisms and countermeasures.
Hideo ARAI

The formation of foxir_lg is one kind of deteriorations found on paper materials
in museums and archives. Since the author succeeded in making fungi grow on foxing,
he is now studying the causes and mechanisms of foxing in order to contribute to the
conservation and restoration of paper artworks and archives.

An investigation of foxed areas by scanning electron microscope showed hemp
fibers remarkably spoiled by fungal mycelia and conidia. Moreover, conidiophores
grown from hemp fibers and a great number of growing conidia were observed in the
incubated samples of hemp paper with foxing. After samples of foxing on various
kinds of paper were incubated in a Conway’s unit whose water activity was regulated
to 0.94 and 0.84 at 25°C for 7 or 30 days respectively, 25 strains of fungi were
isolated from the foxed areas. According to the water activity of each strain, these
strais could be divided into two groups: 7 strains of absolute tonophilic fungi and the
others of facultative tonophilic fungi. When these 25 strains were reinoculated on
hemp paper, only the former group made brown spots and produced malic acid 5-9
times more than the latter group. The seven strains of absolute tonophilic fungi were
identified as 4 strains of Aspergillus penicilloides Spegazzini and 3 strains of Eurotium
herbariorum (Wigger: Fr.) Link. The author considers that the main causes of

foxing are these and other related species.



