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SACH DM EEHHIE HEBEDOMIRIL, RELBEOROOERT— 2L UTIHEICEETHS. C
NET, YL OBEICL U T, BRAGFENSHENTER. REMREZRWISUERHZDWTE, 38
BixEoxraix L\ 5 EWEH b & OMIED 5 VDI EZEER LANIVE TRE RREINIZA 5N T
&7z (7121 Rowell and Barbour, 1990). F7z, ERBIEEICDVTSE, HESOLREEEMHIGRERD
FTHEL, EMREREEFOTRENZ GRS REFET DI, MERLAEERFELTET
W3,

INHDLENER, XLi “BR H SRER “BAR” 2T 5 - DICHEN T FENRE R 5
T&l. —7, BERHMER TR, FEHEHHIOERENED. ABTIE, FHESAMEZEDOARE
MRz DT E 2 Rig e UT, &S DDEFET o TEERND ORI X S IEEMEETRIE FH L
WERBIEE DRI OV THNT 5.
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MEARANSYEEE (near infrared spectroscopy, 24T NIRS F721& NIR i) 1&, I-EFHE 800~2500nm D ERY
B GAARINE) DRI - Bl « K&t - BRI E > TEONERFNEZRFBRARY MVERWS D
HANEDO—FETH 5. BRIENIZARY MLk, FHEEZENFE (chemometrics) IC K D #HTd 3 &
T, WERICEENZLEMDOEEIHTPHRDEVEHFT 272 EOEESICHNENS.

NIR L DIFHIE R, WRET AR RIEFET, T45b b bENRFLERZITHRVIRET, 8
BRI TERD ZFABICHIET AT EMNARETH BT L THD, EE, BRIELEONERY DOIERENE
NEHEEINEZDBTENEINFELZ STV, E, TEE, SAMEREL T3 REMEENR
LR BICBWTE, NIRS I X 2IEMBEMEFTHENERA I E N (B R 1 Tsuchikawa and Tsutsumi,
1999), ARMEEDPH: (Tsuchikawa et al., 1996) ° H EIRHFEHIA (Tsuchikawa et al., 2003a), LEWEIHED
DD OMEHLRBIEIC & BEEDE =% ) % (Tsuchikawa et al., 2003b) D EJREE x5 /=,

X 1 IEARBHE OB IE RN AR MV ERT. REhciE, KR8/ e EigiiiR CRIE,
2004) DRERARD 5 BERERD AD1950 DEDEH N, K 1) &, AT MVOET—EZTHD,
CNEO)DEICZRMUNT BT LT, BETLICE LR ZARY FVOHEWEDEN: ¥ IV ER,
TSI RRIE — 7 BRI LT < &5 (BIE, FH; 1996).

v/ ¥l UTAREMEOFERERES 2% 1 1IRT (RO, 358, 1985). AARREMOHREERL,
FibE—Z, NIE—X, VTV THERENS. ChLRMEBEEDEAN S, JILa—2A
FEBARLTAEFHRED T THZNa—2ARFRICHUT, 7o anRvEEREEE LTS
VELSYURVEB L) T UBERRION LT RICHREREY, DEEEES FTH RN ba—
AWTHELZRE LD ZBREERI LTS,

£ 2 I NIR AT MIVOARMBEBRANDREZRT. NIR AT ML TR, KREMEOEELE
R TRFRICEIE NS, 1400~1600nm D ERH TIE, wLa—AERO/KBEIC X 5 ik



EC K BTRINAS, FsmmEE, EEREE, ERERCLIcABNS. 1670nmaETIRY V= VAR,
1710, 2330nm TEANIBIVE—R, T HIC2380nm iEHE T, MHOSEEOWNAABNS. HX(L
MR T, ThBDARY MLVE— 7 @R AR E T 2 2 LIc KD, #ERURS DOHERT
RIERICRE T 2 EHMEOND. COFE, (H)RNERAWT, EEER L EHMEHARDZEARY MLVEdt
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Figure 1: NIR raw (a) and second derivative (b) spectra for wood-based
material (sample: modem living tree of hinoki, Chamaecy-
paris obtusa). Assignments of spectral peaks (a-h) are corre-
‘sponding ot those in Table tab:assignments.
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Table 1: Chemical compition of wood (sample: hinoki, Chamaecyparis

obtusa).
Cell wall components  cellulose 54.5
(ca. 95%) hemcellulose 16.5
lignin 29.0
Extractives hot water extract 2.8
(ca. 5%) ethanol-benzene extract 2.7
ash content 0.6




&K 2 EFHN ARG BV ORE RO BRSSO IS
Table 2: Assignments of spectral peaks to main chemical components of
wood-based material.

Wavelength Bond vibration Assignments
(nm)

a 1430 OH str. 1stovertone  amorphous cellulose
b 1480 OH str. 1stovertone  semi-crystalline cellulose
c 1540 OH str. Ist overtone  crystalline cellulose!
d 1580 OH str. 1stovertone  crystalline cellulose?
e 1670 CH str. 1st overtone  aromatic due to lignin
f 1710 CH str. 1st overtone  franose due to hemicellulose
g 2330 CH str.+def. hemicellulose
h 2380 OH def. snd overtone holocellulose

str. = stretching, def. = deformation
hydrogen bonding for C3 — C5 and C2 — C62
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3.1 HXEME

FHEBESUEH DBEEMOBER L LT, MEREMEICEHIT 2 &k, Mt ORERZETIREER
FETHS. FKICET 2MAETIE, ZOLHEROBBNAFIEIC K20, BE, REiEk
DA KBE EHTE BZE, BTH, 2000). EE, FT-IREEEDDHDFTENNEHEINDDH
% (BIZIE, BHE, 2003).

RIS, 37 (Broussonetia sp.), V& (Edgeworthia sp.), H > ¥ (Diplomorpha sp.) ® 3 FEDKE
MONBE M SIEBNS. PRI OMLEHERIZ, BV E—XZ (70~75%), NI ¥)ILba—2A (#) 10~20%),
VI @ 4%) Elxo>TED, BV SICHOWSENZRM ELNRT, va—XE&FE8NEL, U
J = VEEEMEV (51X 1X Yonenobu et al., 2003). FHEDMHAGEE TIX, 387 IVA Y FDBOKIGT
iV Z=rhfrhh, HEKPOESEEEDIRLITS T L THREN TS, OO0k FEH, 5
FREMD pH 2R L, EHMOREFEIHZ 5 5.

NIR HIE A OH BRI, ESHERETRO TN REEGEIRE L CEERERXEGE EE
W Tz (R ARHER, 1985). K2 lc—flRR L. chbid, 80 mDHE (KIE 14 4 (1856)~BHIA 15
F(1863) A 57D, FETIFRA2KIChz> TXEERIFIFTE 5.

X 3 I HIESREO—HIZRT. THXEBRED NIR AT Mg, HROFFEESAHRICHAT, vba—
A, NI a—R L RN E— T HBENMERRT. £ 2ITR UERIFEEICDONT, (H)RED, #
ARY MIVEETRE LUz, ZOERE, HXEBMEEE TR, wlbo—AIEREE (a), wbo— ¥R H
(), “IEAE—R (e, f) DIFICHI LTS, ChicHLT, AOLHEE2ENBRRT ROt
NWEa—ZA T, ZARY MUVI/NIWERRT T DS, TNBHEERIDSRIL, EERSREED D
&0, Bl IEREBLOEITHZEMICET o TWAZ LB R T2, TORRIE, kD
WA b2 AT (B A, ETH, 2000) & FAFAIAAERZ R

3.2 HEXER#H

7 HAHRIC BRI N BEYE NIR JIEICH L, MBOHEETT ERZHENTS. HiEiE
A UM RBBEDOSMICEDLNE D TH S, BER, BHEOXRAEESEIC 2B b /F
# (Chamaecyparis obtusa) ¥ BEE N7z,
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ERENZED.
Figure 2: Washi sample used for NIR measurement (courtesy of

Tokushima Castle Museum). The scroll was used in AD1822.
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Figurfgzé):o 2S)écond derivative spectra for the antique washi scrolls used

in AD1658 and 1614 (solid lines) and modern washi paper

manufactured in AD2002 (dotted line).
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Figure 4: %econd derivative spectra (upper panels) for the antique wood
from an temple in 7th century (solid line) and modern wood
dated AD1950 (dotted line). Lower panels show the difference
spectra computed by Eq. 1.
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INE (2003) iF, BRAHS 6 FERTE TOEREHETO, BahERERARDARELHERE R\
AR DILEEROBREZSILDDHH D, LN —AGERP—EDEATRIT BT LZELH
KU, EMENZRTRBBRICK ST, BEHFREOREZRILEFRURESMBEEINZC LIEIEST
MEOBEEMEODTF TR I HMSNTEY FEMEGREE), AMICBOTHRDELARICX 2EH
AR BOMT D 5, BEHIC X B ARMMIREDI 17 ¢ 7 )Lh Ok S LERL D 2 R 3 %
BENMESN TS (BIZ 1 Kohara and Okuyama, 1994). TN5DZ & h 5, AMOBRES DE%
AWzt OERRIEDRTEEEARBE NS,

ZT T, NIRSICEKBEMOMEICET 2HEERZFIB LT, ZOERELOREROIERZHAA
fo. BRIRETe/ FHICH—L, BFIRERZILBOWTERESNIEARE L / FEEERIRICKDE
BERDHEE Lizd DD S BEMREREIX AD836~1950, ¥ 50 £2EDRIME T NIR HIEB L URERD
PERRICHE U7e. BGE D RTAIRIZERIT B E Z B BB AAR (#600) IC K BHHIDOAIC & EdTL.

B 51 NIR BAE KM E & ERERDBEHEBEITOBRERT. AMOFZEERRT ORI E—
7T, FRERLEVERBERERTEREME SN, ET20EROHZ (Yonenobu and Tsuchikawa, 2003;
Yonenobu et al., 2003) N SIRBICHET 2 BHEME SN TOVERVWIRIERICDOWTHIEEISRWIEENE
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Figure 5: Correlation function between tree-ring dates and second
derivative spectra. Horizontal lines show siginificance level
at 0.1% (solid) and 1% (dotted).

R 3 ICAM OEEERB S ORINE—7 TOMBREERT. EBEERAS T, wlo— A EERER
(C2-C6 3 FHKERER) 2B T, 2T 1%REOERETHERRELZRT. Ch5DEFO—HIcDOV
T, BE/KFEBEE (Tsuchikawa and Siesler, 2003) i€ X 37K F (D,0) DENVO—AI 747V )VRE
FRN\DIZERE (accessibility) DZ{b% FT-NIR i£%2FWTHE Uiz & T 5 (Tsushikawa et al., unpublished),
B TRENVE—ZAI T T4 TYLVOBRBEROZERMEAL, FRESE~EEEESEMLTVWET
LRTRET BRERZEB. MPRTOYVO—IESEERS OB, NIa—X, V7= VDESS
FleE BB ZHE-TET 2. £3 OFBRIE, MEICHLERDY, HENSELREELRGTRR
M, THREENTBETIRIE—EDRET, HlitcicikdnLELILNS.

R 3: KEMHOZEEBR DD S D AT bV L ERERDE
1B R: HEBAFRER, ol : HEUKE.

Table 3: Correlation coefficients between tree-ring dates and second
derivative spectra for main wood componets. R = correlation
coeflicient, sl = siginificance level. :

Component R sl
amorphous cellulose -0.67 * % k¥
semi-crystalline cellulose -0.38 *%
crystalline cellulose -0.61 * & ok
crystalline celtulose -0.24 ns
aromatic due to lignin 0.48 * % %
furanose or pyranose due to hemicellulose - 0.60 * % %k
hemicellulose -0.73 % ¥ %
holocellulose -0.54 * %k

* x x P < 0.001, x * P < 0.01, ns: not significant.
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Tk, B0 T TR —IRNICBLEEMTZHVS. £AXRY MVT—2 FHAEH) DL BT
MK BA—IN—T v T VT RBT B 10, EETRERTEIRRE, PLS ElIFE (partial least square
regression), HBNEZa—TFINV xRy FT—FEIRENNE) RENHNLENS. FERISHFENERFEDS
B, X0 BIFREREZR LU PLS I K DREREER L, NIRERREDOMERER REE >,

FEEER & PLS @R THEE U EROEHBEGEL 0.93, EERERZ 161 ELkolz. EBVIR
UHIEIC &2 EERER 2.1 EUT Lok TNSRERMEZORBEICHEYET 5. ERERECEY
BRI, FEMCEEZERFIEOVD, IS TORBERBOMEEICEE Z/FL, /MO
FEGRUZ 56 + 13 4F CKIE, 2004), I—0w/RDFIH TR, 7AWV FET 18224, 74 VIR
PET 14 + 3 4E (Baillie, 1982) TH B L HHIBN TV 3R, FRIAED “CENRTHNINETH R L 2E
Bd3L, NRERHER, HEATRIBEINIBELRLTNS.

FEFEIC DUV T, standard error of cross-validation (SECV)2 & FEZIC iU 2. SECV X 86 F &z o 7.
COfHEIF, UCERREDMOREE T, FAUEHFETHEREMESATWERWY, BEDOLIA
BRENCFHE TRV, S, HIFAZRICHVW2EERORBILLERZERFEOFHEHICKD,
M XV Z2RENHZ L EBEDNS.

VB - BEELUNCRFE TN NIR ERBER OF R, RRORTLED, REOFHEIOAZTHD, K
DR LAUENXER N & TH 5. EHEEROREREFRAEINTED, RIHEESFICHNSC
5, EROLHENTOREORICE, REEEDORBELRCICORHIOTIRZHREL L. %
FRIEN 1 BRICDE 120 TRTT 30D, BT —2OEEENEN. &5 Lk eh B, NIR
FRAGERE R, FREREL HUCEMRERELD “AROFEVY HIEICEHRZ T 2REREL LTHVS
LT, INLDOERAIEDDDRMELERNICEERTHZ LELENS.
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New dating technique for wood-based cultural properties
using near infrared spectroscopy
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Abstract: Non-destructive measurement of properties were investigated for wood-based
cultural properties using near infrared spectroscopy (NIRS). Antique samples of washi
paper scrolls and a pillar member of old wooden building were used for the analysis of
temporal degradation. The results obtained show good agreement with the conventional,
destructive analysis. In consequence, it is concluded that NIRS shows good potential as
a non-destructive dignostic tool for wood-based cultural properties. New non-destructive
dating technique was developed using dendrochronologically dated wood samples. NIR
absorbance peaks for main wood components show highly linear correlation with tree-
ring dates. Partial least regression was performed to calibrate NIR absorbance to age.
The NIR dating method shows good performance in accuracy which is almost close to
those in tree-ring dating and is higher than those in AMS radiocarbon dating.



