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1. FC®IC

iR VLSS BARATSE TS . Mt L 2 A oK ) 5L > 7)) 2— 1 (PEG) &g
BEEHEL., AT THEL 2K PEG &R 199346 6 H 1 Ha LEI8E L 72, HE[E
S BFSERN S, TlTA & 1993 42 6 A 15 Hic 2 DILAAF % 5% PEG 400 ## iz 85E L 7 138
I IR BRI R L2 2V Bk 2 2T D THlE 2175 72, B 2 M E o ie 42
NS BEET 5 & PEG P I I AT o M B S %, I A OB IS S 4 © A58 b 472,
FE, 60CITINRL T 1REHROBEERE 2N B3 HEAREL 2, L L., (SRR
BEID % <. UMREZA L 72, B BEIR 2 AN 720 3 12602, IEHOEY & 458
Rl T, £ ERET L2 THET 5,

2. HEOFE

HAAFE, wEARFENTI1990 F6 AicEL 2T, @EHSm, ERH 1.4t 7 20ER
2L BRI THE (BE—1), BEAANHT, ARRESEE 2N (ER) &, ERRD
AR SRR (BAE) (o417 T PEG MBI Th it T/, BELZRENL. Rt B TH 5,
Thbb,

DIAFAAEEN (E4#) 5% (PEG &8 PEG #in2 28iokoER) PEG 400 75

S -l Bk, BRECH 1993 46 H 20 H
@E # 7 5%PEG 400 &, HRELH 199348 H 4 1
QIAFARZ T > T A O—EF, FRILH 199348 H 4 H
@FAFAED S L 2K, HEE 199348 4 H

i R R A T BN o IUAHE &
(1993 4 8 A 4 A)

T EE-1
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QIAS ISR (BRY) 5%PEG 400 i, $#RIXH 199348 H2 B
©B M, Wik HHoK, BREE (199348 H4 0

12721, DI 60CHIEART A T 1) L Fo L 22 L1 a8 I3 B D BT 12 ok R 4172, 5%
PEG 400 &HAE T, 199346 A 1 Har b BB TS L7z,

3. BRREABEYMOSEE - X

BB R§ 5 PEG SR LRI 22384 & MH & & © o5, sFll44T- 72,
3-1. MEIC>WT

MR o TY R (1% K )7 b >, 0.5% Wi X 2, 0.5% NaCl, 1.5%
FER, pH 7.0) 2 W CHFOEHE T 25°C, 48 IS8 oMIE o o =— 8430 L . PEG &
BHE L ml P OMIE KO TER-1IZRL 72, L 72 PEG KBEHEFIZIE 1.5~8.5X 100,
ml DAEAER L TEY ., SOOI E BEBERICIE 1.7X107M,/ml OfE» 38 2 A
7zo —igic, OOILAGERLD L 512 R IS 2 BT At TR0 TH
Bo —H. AARSMREREEN (B ¢, PEG il # FEET# L € 2 HEOKRE D 53, I
EA MBI SN G oTc, THESNTMEOFE 53013, 77 ABEOERS 5 \VWidsg
HETH -1z,
3-2. AEIZDOWT

ARHD., @, @Dix, FEKEHEB L 0" PDA M (NL 4 &g -7 Py iR Vi & 4 ik ke B
LT, 27TCTT7 HRMEEL 2, 2R S8OnILABHETIR., 77 FAFE) 7 LH

F£— 1 5 PEG miSofmsEse:

e MEE  {®ml)
O. EMzLaaEnig (6/29) 1.7x107
@. EMigag (8/4) 1.5%10°
®. B, FEIERT (8/2) 8.5%10°
®. Bifiaa, BEIEdg (8/4) ~3

* Ko OFAENE A BEREA T 10%E, WE. 105 L, 0.2ml 2 TY 3
KEEH (1% FI7 T > 0.6% ®migEER % 2, 0.5% NaCl, 1.5% %X,
pH 7. 0c#EiF € 25 C T A8 BRi3EE L AR L oo =—H L Y EREEHE

L7,
E£—2 HFEBIUCEERER LD S EOSEE
Fi¥ S [Eifn
@. FLEmpmE (6/29) 4,7/ 4**
®. FA (8/4) 0.4
@. A (8/4) 0.4

* 5T D WO o8 SBRE
* x Cladosporium sp.
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(Cladosporium sp.) %', BAEL 72 ABART T L3MER 1172, L L. SBOOAMAT B F
AHRDOKRF D 513, ZErBBE N -7,

4 . PEG HRBRURE O

RIREED PEG il Tl eEWnsi# i L 72277 o — VR RBEE L UCHBA L., BT 2 - & 28
H %o 3510 PEGREPIZAMOBHES S ENDHAI0IL, SR PHOSEZ 2 Nb -
TR DORIAIRES 1L, BROREIL R BB 2 £ LN, REBREDR» 5. 40
DOPEG BEHOBHIZ. & LT 7 2BHOBkS 5 @R EIC L 2 2 2L b & 7 5 72,
LIF, fic & 2 BMCERNRIC W TER 21T - 72,
4-1. REE

Hi-EARA D FRICH W2 PEG 400 B L X F O S H A MM 7 & D50 Bk Y o 3808 L 7 -
PeREEEL H B, £ T, AN L 72 PEG 400 (ZPELR T35 0 5% vz A B oo Ji B v
AEEEREL. BCTHEET L LT AMEIZB I 200, 7 HEEFERIC D EE L oRE
FHIZ A LN 72 (F—3), ZicxtL T, 5%PEG 400 i ks, SR\EL 2. kg
WWABROMBERZBEREL THEET L &, 1 BECHELHEOMESBEI N (BEE— 2., B,
C. Exb 2%&H), 2k )., 4B -CHEH L 72 PEG 400 04 TRRIEMIRRE A 143 &8
I T, L WIEHE, BRI ET IO o TR R L R e, R LAR
JiHE, e K 200% 0 NHGIREZ & Yok 7 2T REREBIZRIFCh 722wy =
ETHDB, TDES LA, BETLRMESRE L THIERE 0. MEOREE > L 7
EHEH S B, KA ORBREL, METIRMICL > TRL S,
4-2. BERURERAEY

PEG 400 # AR S8 L 2o 220z, 77 ABtosEkd s WidEBRE Th- 72, T
F Tz, T8 1000 LT o PEG 2505 3 777 AU EAE MO HEDH 2 5239 40
B RRIT. SR Y U CHEER U 72 Bacillus  subtilis (R EEE) & . 5% PEG #eis v ¢ oo Bk B A
BXAEEbL o2 (F—3BIUE—4),
4-3. PEGOBESIURTEIFMBEORIBIZSZ %

—ii%iz PEG i S @EBtEECI3, 20%PEG 4000 iAW 53 55, 4 5%PEG 400 #%
Wi, B SEHMSTESRY - T, #2C, PEGEESB L U PEG 5 F B2 BN by

%£—3 5%PEG 400 il OME OBEFE (48, ml)

SEREH R 3 7H
HER R B. subtilis a1 B. subtilis SrEET
RER AN EE (%)
i 0 3.3x108 7.1x10° 4.6x10* 4.5x10"
FR 7 A F R-150
0.05 0 0 0
0.1 0 0 0 0
0.5 0 0 0
w74 FLX-2
6.05 ] 0 0
8.1 0 0

0.5 0 0 0 0
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FE-2 PEG gt - b BUR RS O e

<A, BB IorC> EXDIEIZ0, 5. 10, 15, 20, 40%(PEG E& PEG #insioKER) @ PEG 400
VAW 0. 1% BT T X 2, 0.2% ) <7 F >, 0.2% 72— A% Z, s b R AT 5
itk 50 1l (A), SO MBI T 25 AR L 72 5 0 50 21 (B), @B 50 pl (C) & & hliz
. 28°C T 24 BERERE L 2. <D B EFE> kX EMkc PEG 4000 @ 0, 5, 10, 15, 20, 40% %W 0.
V% AR 3. % 2. 0.2% Y T ko 0.2% 7 a— 2 &Mz b o, BEKDE WK T 25 BAR
L7zb 50 gl (D), #E® 50 £l (B) ®ALZ 728, 28°C T 24 BrRISEEEL 72,
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F—4 Davis &+ 5%PEG 400 iHh oM o Ba%E (18, ml)

B H 3H
eIy B. subtilis Sy
REe#IE (%)
*HL 0 5.8x10* 5.4%10°*
R 794 F R-150
0.05 5.5X10* 2.1xX10%
0.1 4.6x10* 1.8X10°
0.5 0 0
w74 FLX-2
0.05 4.3x10* 4.1x1¢%
0.1 2.5x10 0
0.5 0 0
% Davis Q204 (NH). S0, 0.1%
K.HPO, 0.7%
KH, PO, 0.2%
MgSO, 7H.0 0.01%
Na citrate 0.05%

5 %PEG 400 kg

NS TR -7 Ry A

PEG 400 8 £ t* PEG 4000 {\~ 31 & =3 bk L) o 0, 5, 10, 15, 20, 40% (PEG H&,
PEG %Nz ABiOKER) #Hiliz YPD 55 (1% @Bt X 2, 2% ®)_TLr 2% 7
na—2) % L10ERENL ZLoiz, B0, fEO®F—EE T 2. 28T T 24 FrfiEEE
L7z, #okEE, PEG 400, PEG 4000 & HicBE S { 2 513 KHHEIFHE LIS (k-2 (B
BE—2), L2t -> T, PEGBEMN 5%, MEOMIELSTWELETH L, T2, FED 6558
YA F RN L 72384, PEG SE¥) 5RO L Ml OWMIH & ORI EENZE»BH L ik - 12,
a4-4. BEERH

PEG i EM 3. 1993486 A1 O 5BAS L, MERc b 2o Tz & F72, AL
BEEA 20CHTHE WMRIR) Th-722 & bHEROBIC A Th T2t L), 61T,
FLASF ORI AR TR O ME L\ 7 2 TH B 72ic, 60CLL EDIEHBZMEF TEL I &
L@ AR TH -2 EZ L5,

5. EEBRRHIEXSROIRET

R e M E MO M O A AL IR & LT, R H B, LA L, & &2 PEGHO
60°C ITEAEYEE % 3 IR 0 B9 AUE & A i, MR % SEalc Bk T & Ldr o 72, HEAND
Mk LT, 60°CLLE TOMBI AR Th 2 BAICIE, £OMONKE ET 205
Wh b,

5-1. ISR IICX T 5B RERTE

PEG MO £ & 7 - 72z, S EIRFEAED & Ml Ch -7, 23, PEG &
B T R AR e L A BRI N Tl kb b RIS, Lo T, PEG 38
5 0 W LT i B Y B TR A ERTT LT, S S OReEM ORI IR S b, R E
=ni— b TEIMEYF E LN, BRI RL N
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5-2. BFES#A ORI A

5-2-1. BRI ER ik

AR TR A DR D 70 BRG] 2 BEAIC D T SREEMES £ OB Ak % (ka8 |
THRUNEHLEE (MIC) #8372, Thbb,

I v Bl g (1) 4 vFT7ver (k744 F R-150)
2) ~ XAV FTar (kWA FLX=2)
it Rk AR Bacillus  subtilis

SR HRO. @, G, OFEAL TR

FT, 5% PEG B ik & . 5%PEG Bl KR T > £ =7 AL ) VBRI AR R 7
Davis 82353 (F—4) 12 2 FOBMH 2 20240 GFBR) . 0.05. 0.1, 0.5%1c Bl L 7275,
Bk 2 BfEL C27TC T3 HB I U7 HIEOMES 2L, -3, 4 oL 72,

5-2-2. %R

1) 5 %PEGHEMEMOYE . AL 21 E8s# 4k Bacillus  subtilis 1 L U BEsHRIZ . 5%PEG
BERCPCRRMEICIIAL TWw/io (R—3). T4 b b, PEG Mk Ty 28C, 7 Ao 5%
10%/ml FLPE £ TIXMBE 2 A8 L 132, 5% PEG RO UL L 72 BB B 2 0.05% L) o
Mz 7z & &%Esicak &g,

i) 5 %6PEG Bz, MRt 2 B L 22 & 5 HAH OSB3
ZENEZLND, £ 2T, Davis D5 % §ZE L 72 5 %YPEG i Ic SR Gt B L2 L 2o
VAR & B D BRI R 2 et L 720 £ OS5 BB # 0.19% TId s BR B o £ 2 kT
EF. 0.5% CRHIE L7372 (F—4),

6. &

W R onFEA U 72 PEG Si23C D THEW A EM R 2 =l L 72, 2 0%, 5 %YPEG
WML, FELTT77BEOBEERHIZVEEBEITEEIN, 283D 5
Cladosporium sp. o83 L7z, 2L C, BT, FICMEIICRERT 2 2 L 45m L 72, S
FIBEOBFENIRK & LT, PEG BEMEr - 720 &, MR ESSREECh -7/, #1LT
Wb AR D S bIcBEINL RESEZ L, AMEGOBEEEIR, HEAMICL ST
Rl b5, ARDRFREDR W 7 AMPFHFCHER LTI DTH -0 & ) pORREEERIT
THTH 5,

4] PEG @0 Bt EK & 7 - - 12, FREMEICET 20T, PEG @0 ik
FROBREZE =L — | TEML. BEFTRERIEL L,

1K THE A~ DB L7 W BEE 2 BRI T, A VF TV ey (R7% A4 FR-
150) &> XA Vv FTVar (k744 FLX-2) 5 BPEGERICHT 2 5B+ Mar L7z,
FofER, s o EDEENE 5% PEG mHic gt U 22 B B 2 0.5% OB TRV AL
Davis S EHINIE G E- 2 L TV L& ET CL a8l 0 EF 28k L, PEG @i o il
WZHBHTH - 72,

AL O AT LT E IS BEM OO BRI Z L3N T B v THBEE Tl e v,
e LT, xibioMErst Ui, #olitidEnISaic b, B0 R
BEE L P WO EEEICL A NIES, %, 2 THO BB, BRI EaohEafic L.
WUHE S D 2 % W ERIGIC BB 5 70 &L M2 eI OB IC & o 2 R IS L. IRV
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T TS BEFDH L EE L 5,

E i) B

AL 2 ZATT B2 H 720 MEOEEC B U Tl R R T R 20052 o0 )| 85
BFIK, 2eoies & UBEBEE Ox 3B & 72 - T ALEPEE@H ORI, TN F
BRICERGZEBNECLZEF LRI ECBROBELELEIY., /2, #ARICH - T8
BT 3 wE L2 s b SR e o R B R In I i 72 U £ 47, BRUE 7 s b
AP RFRPFRAEMZEROMEBREK, FErEBEMRE O R KICIRGaR T CHsS &
BRI T L, ML TRHMOEEZRL T T,

s £ X W
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Investigation of Bacterial and Fungal Attack in the PEG Treatment of
Excavated Wood

Rika KIGAWA

PEG (polyethylenglycol) treatment is a popular method for the conservation of excavat-
ed wood. However, growth of microorganisms in the PEG solution is sometimes experi-
enced during treatment. The author investigated a case of PEG 400 treatment of a dugout
canoe,

The dugout canoe made of camphor wood is 515cm by length, 127cm by central width,
64cm by height, 1.4ton by weight. It was excavated in June 1990 at Tomoe-river, Shizuoka,
Japan. The age of the canoe was estimated at 700~800 vears (Kamakura period) by
radiocarbon dating. The PEG treatment of the canoe was started in June 1993 in a 5% PEG
400 (Sanyo-kasei) solution at Shizuoka Research Institute of Buried Cultural Properties,
One week after soaking the canoe in this solution, putrid smell occurred in the treatment
tank. The author investigated the cause of the putrefaction of the PEG solution. Major
microorganisms that caused the putrefaction of the PEG solution turned out to he gram
-negative short rod bacteria. The authors also isolated fungi (Cladosporium sp.) from the
white layer on the surface of the solution. Active growth of microorganisms are considered
to be induced by:

(1) extracts from the excavated camphor wood,
(2) low concentration of PEG 400 (5%),
(3) moderate temperature (around 20°C) suitable for treatment for camphor wood.

In this case, the microorganisms that contributed to the putrefaction are supposed to be
aerobic microorganisms. Thus, the surface of the PEG solution was covered with vinyl
sheets to shut out aeration. It was effective in preventing further putrefaction. The
authors also tested two kinds of biocides (Isothiazolone, Benzisothiazolone), both of which
were effective to the isolated bacteria and fungi.



