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Fig. 1 Photographs of the jars where waterlogged woods were kept in the water.
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The surface of the water was covered with film.
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Fig. 2 Photomicrographs of something to float in or on the water of the jars.
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This was found in the water without preservative when the surface of the water was uncovered. The most
was bacteria slime (black arrow).
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This was found in the water with potassium sorbate 1% when the surface of the water was uncovered. It
was dust (blue arrow) and bacteria slime (black arrow). Floating thing in the water with sodium benzoate
1% was similar to this.
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This was found in the water with isothiazolones 0.01% when the surface of the water was uncovered. The
most was dust (blue arrow). A little bacteria slime (black arrow) stuck to dust.
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This was found in the water with borax and boric acid 1% when the surface of the water was not only
uncovered but also covered with film. It was a lump of hyphae (white arrow).
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Fig. 3 Scanning electron micrographs of the wood before it was kept in water.
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The surface at a radial section.
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The cell walls at a radial section. Secondary walls were degradated but the shape remained originally. Few
microoganisms were observed.
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Fig.4 Scanning electron micrographs of the surface of the wood which was kept in the water of the jar for 6
months. (The surface of the water was uncovered.)
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The surface of the wood kept in the water without preservative. The most was covered with bacteria slime
(black arrow).
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The surface of the wood kept in the water with potassium sorbate 19. Bacteria and small hyphae were
found. The surface of the wood kept in the water with sodium benzoate 1% was similar to this.
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The surface of the wood kept in the water with isothiazolones 0.01%. Bacteria slime was found here and
there.
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The surface of the wood kept in the water with borax and boric acid 1%. The most was covered with
hyphae (white arrow).
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Fig.5 Scanning electron micrographs of the cell walls of the wood which was kept in the water of the jar for
6 months. (The surface of the water was uncovered.)

A BIERIOTMZE Lodis, HrsE LT L Twe,
The cell walls of the wood kept in the water without preservative. Degradation progressed considerably.
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The cell walls of the wood kept in the water with potassium sorbate 1%. Degradation progressed a little.
The cell walls of the wood kept in the water with sodium benzoate 1% were similar to these.
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The cell walls of the wood kept in the water with isothiazolones 0.01%. Degradation progressed little.
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The cell walls of the wood kept in the water with borax and boric acid 1%. Degradation progressed consid-
erably.
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Fig. 6 Scanning electron micrographs of the surface of the top of the wood which was kept in the water of the
jar for 6 months. (The surface of the water was uncovered.) -
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The surface of the top of the wood kept in the water with potassium sorbate 1%. Preservative crystallized
and stuck there as the water evaporated. Degradation progressed considerably. The surface of the top of the
wood kept in the water with sodlum benzoate 19 was similar to this.
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The surface of the top of the wood kept in the water with isothiazolones 0.01%. Magnesium nitrate which
was contained for stabilization was crystallized and stuck there (arrow) as the water evaporated.
Degradation progressed considerably.
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Fig. 7 Scanning electron micrographs of the surface of the wood which was kept in the water of the jar for 6
months. (The surface of the water was covered with film.)
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The surface of the wood kept in the water without preservative. Bacteria slime (black arrow) was found
here and there.
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The surface of the wood kept in the water with potassium sorbate 1%. Few microoganisms were observed.
The surface of the wood kept in the water with sodium benzoate 1% was similar to this
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The surface of the wood kept in the water with isothiazolones 0.01%. Few microoganisms were observed.
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The surface of the wood kept in the water with borax and boric acid 19%. Hyphae (white arrow) were
found.
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Fig. 8 Scanning electron micrographs of the cell walls of the wood which was kept in the water of the jar for
6 months. (The surface of the water was covered with film.)
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The cell walls of the wood kept in the water without preservative. Degradation progressed considerably.
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The cell walls of the wood kept in the water with potassium sorbate 1%. Degradation progressed little.
The cell walls of the wood kept in the water with sodium benzoate 1% were similar to these.
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The cell walls of the wood kept in the water with isothiazolones 0.01%. Degradation progressed little.
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The cell walls of the wood kept in the water with borax and boric acid 1%. Degradation progressed a little.
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Table 1-1 Effect of preservative on waterlogged wood kept in water for 6 months.
(Jars were open, as showed at Fig.1(.)

S ke [ T IR T DM DRI LR | B & 2RO BT 1R
IR B TS 1) : ) v - g
. Effect on stop of increase of |Effect on stop of progress of degradation
Preservative i . p ; :
microorganisms in water. of wood by microorganisms.
KD A
X X
Water only
IINELES) 7L 1%
. iy VAN
Potassium sorbate
RFEF M)A 1%
. A A
Sodium henzoate
AVFT7Y 2 001% (f® 07— »CP/ICP 0.8%)
: ) O O
[sothiazolones
AVFT) 2 001% (Prlg‘j-llllll'g sk Ay b 01%) O O
Isothiazolones
R ERTEERA (3:7) 1% > %
Borax + Boric acid
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“There were little microorganisms.” “Degradation of wood progressed little.”
ATBER G SRR E LT R o B kIR T L

“There were a little microorganisms.” “Degradation of wood progressed a little.”
XTI R R L 72 AR o B bhaE L ClEfr L7z

“There were much microorganisms.” “Degradation of wood progressed considerably.”
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Table 1-2 Effect of preservative on waterlogged wood kept in water for 6 months.
(Jars were closed, as showed at Fig. 1 ®).)
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Preservatﬁijvre Effect on stop of increase of |Effect on stop of progress of degradation
microorganisms in water. of wood by microorganisms.
IKD A
Water only O =

VIVECEES) T A 1%
Potassium sorbate
KRBT VYA 1%
Sodium benzoate
AYFT) 2 001% (s 77—y »CP/ICP 0.8%)
[sothiazolones
AVFTN) 2 001% (Fid ey 2287759 b 01%)
[sothiazolones
R R TEEAY (3:7) 1%
Borax + Boric acid

O, A, X3, £1 - 1ML,
(O, A and X are the same as those in table 1-1.

OO | O] O
O] O] 0| O

CHHDFERD G, 2 T FTORETIZA VYV F TV ROBGIERIDS, F2HRE Ny 7 TORE
TERYIVE VD) 7L, RRFHEF M) TLBIORA Y F T RGIERD R TH L & T
ENb, LUFIL, FEBICRA LR 2 HRET 2,

32 Ay TFTONRE
3-2-1 MRS S X ORISR BEIc X 2k 23k

BRI &I L 7 22 5 7R D A DAL, HRITRLWEIT A o 72T L A EH T, 1 ARk
LRWI A7, LL, RIAIRRLAL) I, KEIRPIZRODOKRWE R ML 72, 5k
FHME TBE L 25, HEED 2 WIEREBOWE T, B EARM M ORA M L HEE S
iz, F72, MOOBIHST 7 07 b QBEINL, IROEGTHESIN L)%, bebe L
PEAIRDTELEPN T FEA L e o 72,

WRFMST )7 AZHEMLSAE, MIBIZ/RLLY T, KB IUKRTIIEADLRLR
& L7tk DI s KR F8E L72, Z IR 3K P IR BG40 1 4 I CRAE LG, KEISh
L7z, e CBEELL 2, WARDHMTH D, FITKMmIZHAELLZ &L ZDEBEES,
ISR 7 77 e L HEE S A7z, BB 1 TR, L 72iBRAE & v 72 JEBRCR iR L 72 RN A8 TOFEBR Tl
CDEIERACRTALDORFEEIGIR SN -720%, SHOREDINIT T > 7 F DR E & 7
WERIEICE L, LD LU &k L RAE S b ) 7 LD & o TR ST
LI A EDRE LD EEZ 6NE, LT, WolCAKEIZCAERZ A A0FREIN5S L,
ZOLIZE LA EDFEL, FLIMMLAZEEZLNS,

L, 2o
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Fig. 9 Photograghs of the plastic containers where the wood was kept in the water for a year.

A D BIERIOBIMZ LOSia. Akl BN 2 s L 72,
The container to which the wood and the water without preservative was put. Much fine brown powder
appeared in the water.

B IRZREMET )7L 2 BRIEROS A KB LUK Rt iE B AT KRS S L 7z,
The container to which the wood and the water with sodium benzoate 2% was put. Much floating brown
thing (mold slime) appeared in the water and on the surface of the water.

C:AVFTVY LR0.02%KEHK (5 —V ) OHte KipIzEILIZZ» - 72,
The container to which the wood and the water with isothiazolones 0.02% was put. Nothing appeared in the
water.

—J, AVFTVN CRBEH (5= ) BRIMLULEAIZ, RICITRLAZE ) ICTERBE
LARPITIZE A EBIT L o7z, IKEEIZIEA TV B 50 2 ke

PSSR CRREE L2 L 2 A, FITK
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3-2-2 SEM BT & 2 A D HALDHELT DERT

BEIE R %2 3N L % 2 o 72K D A DA%, fIaREZ I x7 7 ) TIC L > TafRdh, M5A &
FIRRIC B HEIT L Cnie, L L, IRARR TORBRMER LIRS &, AMRHEICBESINL 7
FUTRIA LIEFENLEL, ZREHLTT 77 b rdfiricBE3ni, 777 b i
Z2TNTRNITFIVTHERLIZATA LEHICLTEET 720, KMESHBRT H/57 7)) TOR
3, 777 brolBlc L V@b LcEEZLNS,

RREHF )7 AREMULEAR, K2 ETELNIZIZTTIEEC, AMERRIZHEAR
T TFNTRTA LH L2 BEEIN, MIREED 3 RH2% L AT LT,

—H, AVFTV) CRBEH (75— ) BEHMLEAE, KMERIC X7 TYTRAZ4 L90°
DT PICBES N, ML N7 7)) TS & - THADEST L T 7282 DREEE 2% D ANE L, B
N RATHERR S 72,

B, Har7Hiid, IHEHOMEAMAPREINTE ), FAMBOM L AN ZET & 5 IZH
s L7275, SEM BIEEDFER, KM LD ToHINaEED HLD AT DR L, BIFEL - 0MIZ & -
TIELAEEDR LT,

323 FrdH
PUrofEiRzR2I2E LD,

#2 32 7HTO1EMOKBERE
Table2 Effect of preservative on waterlogged wood kept in water for 1 year.
(Big prastic containers were open, as showed at Fig.9.)

IR BTG 1 IR T OB ORGE; A | BEW L 2ARMOHLDAELT Bl %
Pr‘:serv;til\;e Effect on stop of increase of |Effect on stop of progress of degradation
microorganisms in water. of wood by microorganisms.
KD A
X
Water only -
GREFEHBT V7L 2% % %
Sodium benzoate
AV FT7Y) 2 002% (% 7—v ~CP/ICP 16%) 0O O
Isothiazolones

O, Ay XiE EEL—1ERE,
(), A and X are the same as those in table 1-1.
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Db, BZE Ny 23T, BilERIE AL S THRBTRET 28EME e Vi35 2 &
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D BT 5 72,

3-3-2 SEM B2 X 2 AM KD HALDHET DR
BIEA) 2 @I L Ze 2 5 7R D ADE A, IKNEOKREZ 7 4 VA THE--T2HE (K8A) &
FRIBRIC, KRMEHIC/S7 7)) T A7 4 A0S, HIEEEII RIS/ N7 7 ) TICL > TofiRS i Tn
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Fig. 10 Photograghs of the bags made by vacuum packing where the wood was kept in the water for a year.

A D BIERIOTME Lodid, E=—LoWIz/SZ2 7)) TR 74 L0 L,
The bag to which the wood and the water without preservative was put. A little bacteria slime stuck to the
inside of the bag.

B I ERFEET M) 7 A1 BKIERDE A B Lo TFEWIRMOP T LDAETH -T2,
The bag to which the wood and the water with sodium benzoate 1% was put. Nothing appeared in the
water. All of floating things were peices of wood.

C: AVFTVY RO01%KIFM (57— ) DER FHEMIAM DO LIZWARDHA AT b D TH - 7297,
RIbTrTH-72,
The bag to which the wood and the water with isothiazolones 0.019% was put. Floating things were peices
of wood with a few hyphae.

E 1 m=) v 1 %RERDB A, E=— VoW 7 7 )T 254 L0 L1z,

The bag to which the wood and the water with formalin 1% was put. A little bacteria slime stuck to the
inside of the bag.
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Table 3 Effect of preservative on waterlogged wood kept in water for 1 year.
(Woods were packed with film, as showed at Fig. 10.)

S IR TOBLEMORFEB 1L RIR | B & AAMO BT B IR
7R B 5 ; .
& Effect on stop of increase of |Effect on stop of progress of degradation
Preservative . 3 . . .
microorganisms in water. of wood by microorganisms.
IKD A
X
Water only O

RFHRFN)VTL 1%
Sodium benzoate

)
AVFT) 2 001% (& 77— »CP/ICP 08%)
: O O
Isothiazolones
@)

Fv=) v 1% (RVATLFEF 037%4T)
Formalin (Formaldehyde)

O, &, X3, £1-1iZRL,
O, A and X are the same as those in table 1-1.
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1) OBA, KOZEFFIC L) ERDIREIE < - 7ee, BT ZE7r—V v DR
IR EERE LTHEN T B~ 74 o7 AARMER IS L, A oHBIH LT L7,
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MTHBYNE W) 761 RRELEFET M) 7L 1%THHEIRIH 2, 21613,
MBI RERDED SHEFZRT %61, AVFTV) CRUER LD LHEVLT L E N
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7 2479 BRI, REEDTND 2 WISk E AN, ZERETE AR T I LY,
ORI INZ BT2DITHEhEE Z 55,

AW OFERD S, BIEAIOMN I ARSI RN E 2 LW 6227 5725, RAICHRFTE 3
DI TEEV, BRI —H =D LDERELEZADEL L, 20 TTEDHRERDE AR
2 E BRI R FRMT 208N H D, T, WAy 7HOBEHEBOEAL, BEET L2

4 RN ORERED B U5k
Table 4 Concrete methods to protect waterlogged wooden objects kept in water against decay.

w o A %7 B85 7Y A IR (H %) ERES
Container Proper preservative Period of efficiency Caution
W7 B c A VFFT U & 1 4R CIESEITREERE LR T B, H
(z7»FF%E) Isothiazolones One year il % FRmT %,
Container without 0.01~0.02% Change water and preservative or
a cover add new preservative once a year.

< WU e ANRE 2 RO, SHick LTk
DIHEFEE <,
Keep proper thickness of preserva-
tive. Prevent to escape water in

vaper.
EE CVIVECEEA )T A 1% | BAER B LK EER E R RT 5, W
(HZE vy 78T) Potassium sorbate A few years Al & PRI %,
Container with an | - ZE&FEKEF M) 7241% Change water and preservative or
airtight cover Sodium benzoate add new preservative once a few
cAVFTV) L 0.01% years.
Isothiazolones kiR ZS L, ERETELIETBEW
k=) v 1% |l|’x[/’fﬁ.;z:]§ﬁ¢9‘_5°
Formalin Add to rich water and get out air
when you use a bag made by vacuum
packing.
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Protection of waterlogged wooden objects kept in water against decay
(1)
— In the case kept in jars, plastic containers or bags made by vacuum packing as

a practical experiment —

Haruko SAKAI", Setuo IMAZU *

1) Nara Prefectural Forest Experiment Station, Takatori-cho, Takaichi-gun, Nara 635-
0133, Japan

2) Kashihara Archaeological Institute, Unebi-cho, Kashihara-shi, Nara 634-0065, Japan

To protect waterlogged wooden objects kept in water after excavated against decay, it
was tried to add a preservative to water. Sex preservatives used were potassium sorbate,
sodium benzoate, 2 types of isothiazolones, borax and boric acid, and formalin, which had
been recognized as proper preservatives in the first report. Containers used were jars (Fig.
1), plastic containers (Fig.9) and bags made by vacuum packing (Fig.10). The period kept
in water was 6 months or one year. Growth of microorganisms in the water and on the
surface of the wood and progress of degradation of wood was investigated by eyes, an
ordinary microscope, and a scanning electron microscope.

As the result, isothiazolones 0.01~0.029% was most effective when the surface of the
water was uncovered (Tables 1-1 and 2). And potassium sorbate 1%, sodium henzoate 1%,
isothiazolones 0.01%, and formalin 1% were effective when the surface of the water was
covered (Tables1-2 and 3).

From these results, concrete methods to protect waterlogged wooden objects kept in

water against decay were suggested at table 4.



