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Hyphae and membrane made by bacteria are
observated on the surface of the wood. The de-
gradation of cell walls begins by these microorgan-
isms.
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Fig. 1 The degradation of the surface of the waterlogged wood kept in water.



SYIUIOW g 10j 123EM ul 1dey poom pedSo[Ianesm a1 JO 9DBLINS Y] JB PIIRAISSCO SWSIURSIO0IN 7 S

BEEIR U R BT h S eI H &4 9 2

‘90BLINS A1) 18 S[[BA [0 Jo 2ourieaddesip pue uonepeisa( : ] ‘BLSIOBq JO SPUn AUBLI Aq [[BM [9SS9A B JO UONBPRISA(] : 3

‘1o5saA B ur orydA[ : (] ‘SUBIQUISW A} JOpUN BLIBOR( AQ S[[BAM [[92 JO UONEPEISA(T 1 ) ‘POOM Y} JO DBLINS A} U0 BLIBOR( £q SpRW JUBIQUITY : § PUB Y
WL AW Y HGER O 02 U WL CHBMY M IEEGICROTNLO Ly 1 L0 L Ly OERE S
WEZLBEUFESR T YR WY IMERE LA S W 2B L (1 L reD ] OEYER D I T R ML g Y




3.2 BIREROTING & 2B
3.2.1 poHRmEsE

iz, BEH L ICRERETOBRSERE $ Lok, Erb)EIC, A2 L, SEoEH7L
=7 (6 A, R LWwDTL—7 (6%EH), FHEO®mWI7L—7" (5KAD) ICEW->TERLR,

#1-1 BEHOE (647 HEEHBROHET) AEE DO % Lo oS
Table 1-1 Effect of preservative for 6 months.
(These test tubes were open. If they conformed to an item, ‘>’ was marked.)

SEM & HR A NELAER 306 5
- Observation by SEM Observation by eyes

K HE BB 87 e e e G k.01 | I

Solution adding a preservative ORI ﬂﬁﬂﬁiﬂ)éﬂt ?{MQ{EH:&J HENLLL Toxicity i
Increase of | Degradation | Growth of microorganisms | Change of
microorganisms | of cell wall in solution color of wood

Bl L
Water only - - N
VIVE RS ) T A 1Y
Potassium sorbate
BRFHBFFYT7L1Y 5
Sodium benzoate
TEFolEEr ) 7A1Y « 5 %
Sodium dehydroacetate
R 1Y
Boric acid i x e
R ib 19 % X ?jog. ik
Borax = 3E
RW-R 7 (3:7) 3% ” 19%Tid
Borax + Boric acid W L
AVFTVY FR0.019% *
Isothiazolones
AVFT) FR0.019 *2 %
Isothiazolones
1, 2-%VRAVFTS ) =31 0.03% *2 % %
1, 2-Benzisothiazolones-3-on
EA(2-EVINAA- -2 %8 FHDA0.01% % %
Bis(2-pyridilthio-1-oxide)Sodium **
AL FL = A 0.1% 4 " ”
Benzalkonium chloride
YTYNYAFNT 2= 470748 (DDAC)LY v %
Didecyl dimethyl ammonium chloride
el 4R 0.5%
Copper sulfate * & & *
TSR 0.5%
Silver nitrate - - 5 =
Avgran 7/ =M A(PCP-Na) 0.1% % ¢ %
Sodium pentachlorophenol
7=z /=0.01%
Phenol ) i N &
) 7 1% (RVATATE FO.31%A) % b
Formalin (Formaldehyde)

1~ % 4 DWHAIFLTFOM0,
#1:%—Y»CG/ICP (m—&a&—2R) 0.8%, %2 1 kH oy b (LrH) 0.1%,
# 3 1w 20N PS (EEMK) 0.19%, k4 0 F 344 FIOON (HEWsE) 19%



F1-13RBRENOEH UL -6, X1 -2302HLEAORRTH S,

6 7 HEBHR T, AMEBERADPIZ, IXAHALEDLRLRE LLMAHFDIBESNIEHA, K
12D b DDEHFE LA, B 5 (ZFEH D IEIREE AAK 7200 (B DRk I H5 fh 5T i L 7235
BhEPFBRES N, INLHDHRUT, MleEEDFH & R IIBIMRZ VA%, EE L B LBk
L, #EhizxTrRlLL,

#z1-2 BEAODE (6 2 HEaH%oT) AR 0 O & B U oS
Table 1-2 Effect of preservative for 6 months.
(These test tubes were closed. If they conformed to an item, ‘X’ was marked.)

SEM BLEEfE S IR S 1
T Okiservation by SI:IM i <Observa‘tion by eyes | e .
Solution adding a presevative RO NRE | MIREED F(E "&"[W)'I’&H“% HEOEIL Toxicity i %

Tncrease of | Degradation | Growth of microorganisms | Change of
microorganisms | of cell wall in solution color of wood
WAL L
Water only = %
VILECEEA )T ALY 0.5%TdH
Potassium sorbate B
TREETF)7A1Y 0.5%T%
Sodium benzoate hiakd D
Te PO ALY
Sodium dehydroacetate
REE L9
Boric aciﬁ0 x N
R 1% e
Borax AR |
R fbe Rk 7EE (3:17) 3% 1% T3
Borax + Boric acid i L
AVFT) FR0.019 * 0.005%T%
Isothiazolones BN
AVFT) AFH0.019% *2
Isothiazolones
1, 2= XA VFTYY v-3-2 2 0.00% *3
1, 2-Benzisothiazolones-3-on
EA(2-ENENAA- 1A %) HhIrA0.01%
Bis(2-pyridilthio-1-oxide)Sodium **

B b~ a =75 0.1%
Benzalkonium chloride
TN AFNT R L7074 (DDAC)Y
Didecy! dimethyl ammonium chloride
T4 0.5% 5
Copper sulfate
THAERER 0.5% «
Silver nitrate

Ay I/ =h M)A (PCP-Na) 0.19
Sodium pentachlorophenol

Zxz/—=N0.01%

Phenol

) v 19 (RLATATE FO.3TYA)
Formalin (Formaldehyde)

® 1~k 413F1—1I2FEL,




ek, HEARMIIETKEBICHZZ 02 L, BEA T EETCHBRIOES, RMEREIZHE
Frifl, HEIrELT S0, BEHTELWI EXHLMTT -T2,

3.2.2 SEMIc& 585

FLICHIRBEEORR L L LI, AMEFROBEY QBRI LMl FHLER LIz, ERZR
MUZWRIZTFDHE LR LT, HE DRI TR X 22T,

Fl—1pRLliakdle, BBENDEHE L >8Il L2 ICHlEE»H - 203, VL
ErBA)TALLY%, KEBERSTPIVTALLY, BLIUAVFTV)AR0.01% 2 (RERE 7—
VyCG/ICPBIWrA325y b)) Thotzy IN6H, I TTHENREIEATE L WE
BT, HIAMERETIHACETIEAL LT ORETH 5,

Hy A AH O ARk A 54V FT7 ) »DFMEIR, S (ItorFukuhara : 1992) 0k - T
HRENT WS, T/, Mz AV RACENICY, BAEMOERBIEICA Y FT7 V) » O ER»R
AN TWwa (Morgos:Imazu [ 1993 ; Morgos-Strigazzi-Preuss : 1993), L2»L, ZoHH|L Tk
EWE OTE L ERESFOBENICE T 28 TIREFWEICED o i, BIEREREE, AR
SR DN TV 2720, WU AE T TOMM, H5ICHEERFOIRE DM 28 5 &
FLHTF T E e b v, R bR R ViR, HAWIEEDRAMI, BERErELEINTWS
#¥(Barkman © 1987 ; JRE -Fkil1 2 1978), SRIDFELR T2 3 DRIETHR»EDH LNz DD, 19
TI3EESDNE , HRSREFLETH L WM LML -7, INHIMLT, YILVE S
AT LB IUREEFHET M) YA, BMENT, EEEOFmCERITS VIR By EwEE L
b, BED 1% THRIBD LN, 72720, WTROBERZERLTY, EREHRMLLr-7
AR TEMOETFBERTE Y, ESR2CHIET A2 LETELI T2,

F72, TOERILBE LD LT, L ETEIT 2 AMER RS2 Sl d 538555, wmED
E AL, K TRALT A MAEIC RS B LIRS v v ERIC ko, LA, —HD
WA OWEE A HEHNIC L VRIS LD &, NOFROMAEM»RERMT D v b b7, 4
Bl HIIZE, 2377 ) TERPLET 2 2FHOMEMICIEL I ZA T2 0B WL 5,

—J, &1 =24k, BEREDD & LA, Sliickl — 1 iclkxTHbndk
Frh598 5 - 720 Bk L7z 4 FREHO PGS ALz b, FPRORBD S EH L H Y, Frohr<=) »
d, HFRMEIEF DTz, OF&H L2aICE@muEhRGES bz, E—ikic, DzHE L
STRHAITHAT, L VEBETHEIFEHLN, ER Lz 4BEOBEBROEAL, TREhEsy
DRETHRITER SN, L >T, BEHTELZREHRHE Yy 7128 B IWEARHDOREDEA
12, YAELEEAY) 7AL0.5%, ERFEEST MY T7L0.5%, 4 VFTV) FFR0.000% (FEHE T —
VeCG /S ICPBLU A5y b)), EXA(2-BE)PALFd—1—FFLF)F )74 (F
Mg R 3L FI00N) 1% B L 0hA=1) L0 5% ERTE 5, 2ONT, EROMREEIME Y
BAFEFEZTHDLEVIRTIE, RRYVESHEMHITH LY NVE ALY 745 LCERFRS Y



v ANHE L, BYLERFTIRAVFT Y »ROBEAR, HHORCREHOMEYL H 5
R=l) LR E W2 b,
3.3 #il, <47 DEOREE L OWATRE I X 2 B
3.3.1 Mg

£2IRLALI I, HFREEED LR LD o1,
3.2.2 SEMIick @i

K2R E L EDR, DEDFRRBD LMD, Kikl0FE LU+4 2 0B OHAT

F2—1 INBGLEE EOMTITRE IS X DB (6 4 AELREOMET) AERE OO 2 H Lo -2
Table 2-1 Effect of heating or cooling to protect against decay for 6 months.
(These test tubes were open. If they conformed to an item, ‘X’ was marked.)

SEM #8545 A s 4
. Observation by SEM Observation by eyes
weomoH & . - - = = — -
Method O R | MBS | W ol | Mot i v
Increase of | Degradation | Growth of microorganisms |  Change of
microorganisms | of cell wall in solution color of wood

#ilh 1057 a:
Boiling for 10 minutes
24 7 oo BE 308
Irradiation of microwave for X X
30 seconds

" 60F»
Irradiation of microwave for X
60 seconds
WATRE (4 ~10C) i "
Keeping in a cooler

F2— 2 INBLBEE LIRS L ABIEAE (6 A2 HESRERORET) MEE OO EH LEA
Table 2-2 Effect of heating or cooling to protect against decay for 6 months.
(These test tubes were closed. If they conformed to an item, ‘X’ was marked.)

SEM fi%EaE R P IR 2 5 S
o Observation by SEM Observation by eyes
oo oF Ok p o) : e o
Method MO | 0%t | Whomas | Meoi | ¥
Increase of | Degradation | Growth of microorganisms |  Change of
microorganisms | of cell wall in solution color of wood

b 1045
Boiling for 10 minutes
<4 7 vigEo Mgt 308,
Irradiation of microwave for X X
30 seconds

" 607
Irradiation of microwave for X
60 seconds )
WIS (4 ~10°C) 5 o
Keeping in a cooler




HHIEb, FAITMBLBRETE L, MEMDOENZ —RFMICIEITEZ w25, L2L,
COPRICRRETE 50103, FIEUWD SR P ICHE L TWEY S L URBREICfE L Tw,
IRERICEFNTWIHDDAT, REERIFEMINT VWA, MAEMHIFLICANRAALT
B, Tofzd, MBGRMEITHAT, TORBERATLIENRMICLIEFHEILNLS,

—H, 4~10COBRMEFETIE, BHOETERRENL0D, HeH2IZARHOMRIZEATEY,
WATCOREE AT RS 5 L3, F2, ZOFRRDP HELFIZBEWT L EFTOMET 35
ELfwZ TNk,

4, £ 0

4.1 EBRERNTED

ATRCELNRRE S LD L, LTFOR) Ths,

1) ARPRERICELARMEHESIZ L > T3 5128 Lz, £/, BHAERNT LB M2 it
T L7z,

2) MEEANZ L 2R 0B E LT, IR0 CroLeTE AL, EREMTHsYyLE VB
HUTAIYBLVEEEHRF )7L 1% TH-72, Fh, NBVICEETILLE, 1V
FTV) RDOPEFR0.01% b hE»DH 5,

3) REERTERD D VIIHZ Yy 72T AL, 2) OEMDORE IS THRES -,
72, B B ICERTIUIEEREDOBIEAITSH LR~ »0.5% b REDRNTH 2,

4) Kb, =4 7 0iEDREHIC L 2HEIE, FEHRLFDTHFIRMBAIND LR H 72, F72,
BTN FPAR R I IRE T AU EH D B

5) WA TIE, HILOMIT IR 2, RO 3 2 o7,

4.2 BAREBELENIEE

BRI IBLENREREE, K31 LD,

HAARMB OB T LEED ST, 20T EOERTELWERICHERET L,
A A IIAR R ORE ISHAED M L, RRmoMinErHL T, RRSOER IR S RIE
I E2HET AM5RE %5, COMEDC L 2ARMEROFHILE BILT 21213, F&HDOEH & BEH
DETMPBETH 5.

7212, SEOBET, TOFEEHCTOUEIHOETEREICHET I ERTELWILLH
L otz, ZORETH L FETRITLEE TCO—RHNOREDHOLETH ), FIICRE
WMHONEFHLZERBFITMAITEL, /2, CORELCHB-THEZS OBFL AT LY KM
Ch72 DFHHGEVRILTHELZ ZBL Twvwb, FRiC, 275D k5T, RoZERICHN S EHTH
KEVEAZ, ERRLLOMEMDEAD L L DINT, TOHRAICLMIETELHEEZ S LITM
FFLTwa,



#3

ZR AR O S A B L

Table 3 Concrete method to protect waterlogged wooden objects kept in water against decay.
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Protection of waterlogged wooden objects kept in water against decay (1)
— In the case kept in test tubes for 6 months as a basic experiment —

Haruko SAKAI", Setuo IMAZU?

1) Nara Prefectural Forest Experiment Station, Takatori-cho, Takaichi-gun, Nara
635-01, Japan
2) Kashihara Archaeological Institute, Unebi-cho, Kashihara-shi, Nara 634, Japan

Waterlogged wooden objects are usually kept in water after excavated, and wait for their
turns of conservation by polyethylene glycol method or freeze drying method, for example.
But it has been known by experience that degradation of the wood progresses during that
period.

At first, we observed the waterlogged wood kept in water with eyes and a scanning elec-
tron microscope(SEM). And it was made clear that the degradation progressed very fast and
many kinds of microorganisms participated in the degradation of cell walls (Figs. 1 and 2).

Secondly, we tried to protest the waterlogged wood against decay by chemical or physical
methods. The effect of these methods was judged by observation with eyes and SEM. The
main judging points were whether microorganisms on the surface of the wood increased or
not, and whether the degradation of cell walls progressed or not.

A chemical method was to add a preservative into water. We selected 17 kinds of preser-
vatives, thinking the toxicity and the density for safety of operators and protection of environ-
ment. When test tubes were open, potassium sorbate 19§, sodium henzoate 1%, and isothi-
azolones 0.019 were effective (Table 1-1). When test tubes were closed, potassium sorbate 0.
594, sodium benzoate 0.5%, isothiazolones 0.0056%, and formalin 0.5% were effective (Table
1-2). We recommend potassium sorbate and sodium benzoate which are additions to food,
because it is doubtful that isothiazolones has chronic toxicity.

Physical methods were to heat before keeping in water or to keep in a cooler. The for-
mer was a little effective but the latter was not so effective for protecting the wood against
decay (Table 2).

From these results, we suggest a proper concrete method (Table 3). But we regret that
perfect protection of the wood was impossible by the method, though the progress of the

degradation reduced. So we expect that treatment for conservation is performed earlier.



