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XL OMEEHAIE HIEEOMIHIZ, RELBEORDDEMT— 2L UTIHEEICEETHS. C
NET, EHOBRICE U T, BAGFENCHENTER. REMEE BV DOV TE,
EREDOX Iz L)L 5EMBtin EDMIIES 2 WDIEZEER LNIVE TRL BREDINZ 6N T
&7 (BIA 1 Rowell and Barbour, 1990). &7z, ERAEEICDOVTD, HESOLBEEEMAICHEZERD
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WERBIEEDBFRIC OWTHENT 3.
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SEFRINYEEE (near infrared spectroscopy, B NIRS % 721 NIR ¥5) i3, IREFEE 800~2500nm D &R
B GEARYE) DI - BiEL « K& - BRI X > THBONERNEZREBRAXRY MVERWS D
HAEDO—FETHS. BRIENTZAXRY MLk, FHEILZEMFIE (chemometrics) IC K DT AT &
T, WMEPILEENZLEMDOEBSHTPHBRDBVEHBIT 2% EDEESTICHN SN 3.

NIR EDWHAE R, WHRET2HEPRIEHET, Thb b 2N RRIlERZThRVRET, E
RUEUTEES ZHARICHIET A EHARETH R L THYD, B2, BRIZEEDONSEYDIEM SN
NEEINIDBTENEONFELZS>TWVS, EE, REE, ZAMEREE T3 REHEE NS
EL7en BBV TE, NIRS I & 2IEMEM BEHHENEREE 1 (B X 1 Tsuchikawa and Tsutsumi,
1999), ARMEED)IE (Tsuchikawa et al.,, 1996) <0 HEBHFEH]F (Tsuchikawa et al., 2003a), EPEIHD
DD OMBHLLENEIC K 2EBEDE =2 /% (Tsuchikawa et al., 2003b) DRJFEE 755 Tz

B 1 IS ARBEMFE OB THE RN AR MV ERS. BEHCIE, KE v/ FERER I CRE,
2004) DRERARD 5 BERERN ADISO DEDEHWE. K1) ik, AT MVDETF—ZTHD,
IhE D)DK T R LT, HBTLICERZARY MVOHEMEDENF ¥ L ER,
E SICHHTERRINE— 7 BRI U9 % (B, FE; 1996).

v/ EMEFE UTAREMBOFERBRRS & 1 1RT (RO, ZEE, 1985). AAREMOHIEENZ,
FiZna—X, NIvVa—RA, VIV THERENS. INORMEBRECE NS, Ja—2X
ZHEBARLTIEHRENFTHL2NVa—ANFERICH LT, 7oV T anvzERERKRE LTS
VELSTURVERUR) T A ERRICN LT RICIREREY, DRSS FTHEBINI L —
AHHE R BRELDHBFEFRE LTS, ~

Z 2 IZ NIR AT MIVORMBEBRBE DI NDIFERRT. NIR AT MUTIE, KREMEOERE
A M2 TRIFFICERIE N 5. 1400~1600nm D EHR T, ©/La—ARROKEEIC X 5 [HiER
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B K BRINY, FESEE, HEREE EREERICICARBNS. 1670mmEFETIRY V2 VAR,
1710, 2330nm TRERNIVIVE—X, & 5IC2380nm IEE T, MHOZEEORNAHALNS. Xk
BT, TNHBDARY MLE— 7 sl RER L s 32 C Lic &k D, BB DX
IRERICEET 2BEMAMEOND. CORE, (H)REHNT, EERE L UEHERDOEARY M VEET
HT%. TTT, ARKE )N TOWRLE.
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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.

& 1. REME (2 /36 OEERS O

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
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Table 2: Assignments of spectral peaks to main chemical components of
wood-based material.

Wavelength Bond vibration Assignments
(nm)

a 1430 OH str. 1st overtone  amorphous cellulose
b 1480 OH str. 1stovertone  semi-crystalline cellulose
c 1540 OH str. I1stovertone  crystalline cellulose?
d 1580 OH str. Istovertone  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

3 AREXLMOLBEORR
3.1 HXEMHE

FHEESU b OBERMOER L UT, MEZERICEHITT S 21X, XM ORERNETREER
HETHS. AHICHET BIFR TR, 0L HEROBENGFERIC XSS, EE, REfR
DRHKBEE FDTE T FIAIE, BTH, 2000). £, FT-IREXREDDASFENEHENDODH
% (BRI, B, 2003).

FRRIX, IV (Broussonetia sp.), 3V Z (Edgeworthia sp.), 7> ¥ (Diplomorpha sp.) D 3 FEDHE
MONRBIERENSESNS. AR DL, TIVE—X (70~75%), NI E)ba—2Z (§ 10~20%),
VIV 8 4%) Liao>TEY, BB/ VTICHOSENZAM EENRT, va—X8EE8HEL, U
T UEEBMEY (H] 21 Yonenobu et al., 2003). RFROMEGER T, FHOT7IVA Y ROBNKIGT
iU F=hrbh, BEATOWESEEEDIRLITS T L THRENMTbNS. ZOoikiEhiEh 5
SFEEMD pH 2R L, EHMOREIHZ S 5.

NIR I O H X ERHEERRNCIE, MEREMRATRO P REBELRE L CEBREZERER
Wz (R AREEAT, 1985). K2 lc—flZ R L. chbid, 80 MDE (KIE 14 4 (1856)~HHIA 15
F(1863) hHixh, FIETTFRRERICh o TXEERIFIHETE 3.

K 3 ICHIESREO—FIERT. HXEMKO NIR A7 MVid, FRICOFEERHICEENRT, 2ao—
Z, N2 Ea—RA L EWJNE— T HENMERRT. R2ITRUESREEICOWT, )RE&D, #
ARG MVEETE L., ZORE, HXERHERE TR, wa—XIEEMEE (a), ©La— R 5EE
] (b), "IV T—R (e, ) DIFEICHS LTS, I LT, FOSHEESEOERR R ROt
WE—Z TR, EARYT MUVZ/NEWVERRTC EHE, ThORHEROLLE, BREEEORD
&0, BRI ERBEDETNZENICET o TWA T LN ARz, ORI, kD
BRI I B2 AT (B 208, BTH, 2000) &IAMARESRERT.

3.2 HEERM

7 HACHIBRIC R I N BEY 2 NIR IS I L, MEOHEZRTTTEREZHENT 5. AlEICHE
AU ZBEMORMICEDbNE D TH 5. BifER, HHEORAEHSEIC K388 hbe /F
# (Chamaecyparis obtusa) L FE XNz,
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X 2: FHEER (PRISR - BERXE, HERERTR). < OER,
ARBRT (1756-1833, EROET) OFHT, B S5 F (1822)

IERENEZED.
Figure 2: Washi sample used for NIR measurement (courtesy of

Tokushima Castle Museum). The scroll was used in AD1822.
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Figure 3: Second derivative spectra for the antique washi scrolls used

in AD1658 and 1614 (solid lines) and modern washi paper
manufactured in AD2002 (dotted line).

HIEFRERZX 41TRT. ZARY MVOENEINE WG EXFIGT 2 WEAERINCEDP LT3 T
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Figure 4: Second 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.

4 NIRFAE

/N (2003) iF, BRAD S 6 FERTE TOEREETO, BLTERERARRDAREXLHERE R\
AR DLEEROBREZLDDHH S, AN —ASEEI—EDEATHRIT B L EZELH
Zl7. EMENRTRRBRICK ST, BFREORERILEFRUVHESMHEEINZC LIIESTF
MEIOBEFRYEOTHF TR ILHMONTE Y ERHEBE]), AMICBVTEEDIRUARICK 35S
FBHER BT D 5, BEHIC KB ARMMIREEDI 17 ¢ 7 ) )Lh Ok SLERL D MEE Z R 3 %
BEREMESNTUVS (B X 1 Kohara and Okuyama, 1994). THE5DT Hh 5, KHDOERERZ DEL%
Rz OERRIE DR RESIRIBE N 3.

Z T T, NRSIZEAEMOMEICET 2HEERZFAL T, ZOERELOREROIERZHAA
oo BRIIETe/ FHICH—L, BFIRERZICBOLWTERESNIZRE L / FEEERIMRICIDE
BRERDPHEE LI D05 BEMRERIZ AD836~1950, ¥ 50 £EE DRI T NIR #lEHB L CRERD
ERICHE UTe. HE DR LTE I ERIAE B T 2 BB AR (#600) IC K BFFHIDAIC & EdTe.

B 51 NIR BAE KM E & FRERDOBEHEBEI M OERERT. AMOEERRR D ORI E—
7T, ERERLABVEREGREZRTERMEDNT. RO (Yonenobu and Tsuchikawa, 2003;
Yonenobu et al., 2003) H SIREBICET 2 BHAIE SN TORVRIERIC DOV T HIERICHEVEEN R
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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 3ICARM OF BB DRI E— 7 TOMBEREE RS, FEBRAS TR, Vo —ABRER
(C2-C6 FFHKERES) ZRRVT, 2T 1% REGEDOERETERRELRT. ChbDHBO—ERICDON
T, E/KFEBHE (Tsuchikawa and Siesler, 2003) I & 27K F (D:0) DN r—AI /a7 7Y )L
FRNDIRERE (accessibility) DZEAL% FT-NIR % B THEE L7z & T A (Tsushikawa et al., unpublished),
EMTRENVE—RI 0T 4 TYLVOREEROZERMNMEAL, FREE~IEEBEESMENL VAT
LR BRERER. MPRTOwVO—AIERESOEME, NIEn—2R, VJ7=VoEsS
FAeLbZH o TERT 3. K3 OBRIE, WEBICHUERD, HBNSETRRERG TRE
M, LtHIRESNIZBETIRE—EDHEET, HbliztlickdbDLELSNS.

£ 3. KEMEOEEERR YD -TMAARY F V& EgEfol

FHE8. R: BRI, o : HEUKE.

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

coefficient, sl = siginificance level.

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

* %P < 0.001, x * P < 0.01, ns: not significant.

INBDNRRNARY MLEBWT, EREEOREFEZIER L. RERIERODOFELL
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Tid, FFRIEZONH TR —IRNICSEEBFZHVS. EART MUTF—X (FEEH) DL ELR
MICKBA—IN—T 4w T4 VT RET BT, EETREERTERFE, PLS BRI (partial least square
regression), HAVEZa—TILxw FT—FER NNE) ZENHVOLND. SEITRENEZFEDS
b, XY REFRFEEZRUPLS I K D RBREZERL, NRERREDOHERERZERL o1,

FEgHER L PLS @R THIE U EROEFMBEE 093, BEREEZ 6.1 ELikot. VK
LRIEIC K 2 EEMEZ 21 BT Aok, TNHRERIIEZEORBEICHYT 3. FiREREICBY
BEREZ, FEMICGEEZRIZEON, MRS TORBERBROHEICEE ZFED, €/ FH0uH
FERAUE 56 + 13 4 CKIE, 2004), I—R1w D F I TR, 7ANVT Y RETI824E, 74 V5 VR
PET 14 £ 3 4E (Baillie, 1982) TH 3 EAHIBN TS, FRIEED UCENRTHINETHSEC L&
B9 %L, NRERHER, HEATRGEITREBEERLTVAS.

FEEEIC DWW T, standard error of cross-validation (SECV)? & $8FEIC FiU 2. SECV X 86 FE L 5o Tr.
C O, “CERGEDMOREL TR, MUEHAETHRENMELEN TV EVEY, BEDLI A
BBNICFHE TRV, 4%, FHHERICHAV 2EEHORBCEZZEFBFEOHHAICKD, &
M IR 20ENHZ L EDbN 3.

VB - BEEE DM R TR E NIR EREIEZEOF AL, REORUED, REOWEIOATH D, ik
DHERLZUENRER N & TH 5. EEUOHEREHBINTED, REEEIRICHNBC
N5, EROXLHMERTORIEDORICE, MHEEORBELR CEICLFIIOTREXEL Uiz, %
TERIEMN 1 FBRNCDE 1253 TR 7T 570, EBRCT—R2DEEENEN. T35 LT EHD, NIR
FRAEER, FREREP HUCERERE XD “AROEV” HIEICRR 2T 2R1EREL LTHVWS
CET, INLDERPEDDDFHBIRICEERTHR L EZBNS.
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New dating technique for wood-based cultural properties
using near infrared spectroscopy

Hitoshi Yonenobu*, Satoru Tsuchikawa', Hirotaka Oda’ and Heinz W. Siesler

*Naruto University of Education, Naruto 772-8502, Japan (yn@naruto-u.ac.jp).
Graduate School of Bioagricultural Sciences, Nagoya University, Nagoya 772-8502, Japan.
Dating Research Center, Nagoya University, Nagoya 464-8501, Japan.

$Department of Physical Chemistry, University of Duisburg Essen, Germany.

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.

NI | -El ectronic Library Service



