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HWHDFHDHT (fluorescence spectrometry)
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Fig. 1 Names of parts of a sutra wrapper of bamboo; obverse
side(A) and reverse side (B).
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Fig. 2 Sutra wrappers of bamboo stored in Shosoin analyzed in this study: Sutra wrappers for saisho-ohkyo (A), shojoh-zakkyo (B),

and unknown sutras No. 1-3(C-E).

fR/ REREMO 2D D, Wb RATE
RAEL ZFD T FRh/REREMIL, BEE (X
3C;p8), Hf (K3C;b3~5), "t (X3C;
r3), REfM (K3C;pd), % (HM3C;ps), HA
BomA T, fRREREMICIE, RES (X
3C:p9), #xfh (M3C: gl and g2), #HEf (X 3C;
yl), Rt (KM3C;rd), #8f, JREE@ (XM3C:p7),
%t (M 3C:p6), AXBOMSLRE VD, TEROSL
Besid, 8 (KM3C:b6) 1ot il nsnT

WwWh bR, #ikE (X3C; g3), ke (X3C;
pl0), AXBEAELEOBABHLNTVWE LD, &
(4 3C:b7), AXBED 2EBOELRDH LN TN
5 DNH D - WO - BEIIRET L,
ez o 2 (K2D) &, Mikzo 1 0FEmTHY,
KO+ —Snhkix£b L, HTOTEEHFICE
MICEHEED, REWIZOWTIE, Bzl ok
GHTTH o 2@ ROFRAR S ARrmM oS (3D
r5) &, HZo 1R wiEskotEt (X 3D ;5 r6)

23



3 EABEIED BATBEDFEER O AT EFT - felr LAk (A), MM (B), 112 o 1(C), ke @ 2(D), 1ritkz d 3(E).

Fig. 3 Analyzed points of the bodies in the sutra wrappers of bamboo stored in Shosoin : Sutra wrappers for saisho-ohkyo (A),

shojoh-zakkyo (B), and unknown sutras No. 1-3(C-E).
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Fig. 4 Analyzed points of the hems or head in the sutra wrappers of bamboo stored in Shosoin : Sutra wrappers for saisho-
ohkyo (A), shojoh-zakkyo (B), and an unknown sutra No. 3(C).
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Fig. 5 Analyzed points of the bands attached with the sutra wrappers of bamboo stored in Shosoin : Sutra wrappers for saisho-
ohkyo (A) and an unknown sutra No. 3(B).
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Fig. 6 Analyzed points of the reverse sides in the sutra wrappers of bamboo stored in Shosoin : Sutra wrappers for saisho-
ohkyo (A), shojoh-zakkyo (B), and an unknown sutra No. 3(C).
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Table 1 Visible reflectance spectrometry of purple and blue ar-
eas in the sutra wrappers of bamboo stored in Shosoin

3. MiRLEL

3.1 KRBRH

A RIE O OGO FE TG & v
720 AL R R L L7280 TIE, Bl S
B A R Mvix, BUROFM CTHRE L 72 uiaiet
EHART, WHIETORGRAME L, £z, Mk
FERESBILICE D EILL TWBE Z &5, 400 ~ 450
nm (2 BT 5 GFFRPE S L R AMEID D Do KL
BROMEN AR MV TIE, fRHER O ] I AR
BEThLGENL D, HEARY VAR Z
JE N R OB R 7 IR L, AT L 72 45
Mt RARLICE LD/, ITRROMRERE LT,
R EREBOFIOK M (pl), kLD 1 OFHO
HRRERBHORER (p4), T2 D 3 O
DFREMOUEERE (p8) DA M, B &



7 T a v IEEE (A), 7 R EGE (B), R TR OEROEEG (L, C), Mikzo 1 oFHoRER (pd; D) |, k2D 3 0FE
HOWERL (p8 E) UG AR MV & ZRMIT AT M. FERB XL OBERRE, ZI-ENEERMRE, ko i e R 3,
Fig. 7 Visible reflectance and second-derivative spectra of gromwell reference (A), akane madder reference (B), purple area of the
body of the sutra wrapper for saisho-ohkyo (pl; C), purple area of the body of the sutra wrapper No. 1(p4; D), and purple area of

the body of the sutra wrapper No. 3(p8; E). Solid and dashed lines show reflectance and second-derivative curves, respectively.
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Fig. 8 Visible reflectance and second-derivative spectra of knotweed reference(A) and the blue areas of the body of the sutra
wrapper No. 1(B-D; b3-5). Solid and dashed lines show reflectance and second-derivative curves, respectively.
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Table 2 Fluorescence reflectance spectrometry of yellow areas
in the sutra wrappers of bamboo stored in Shosoin
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Fig. 9 Excitation — emission matrix fluorescence spectra of Amur cork tree reference (A), eulalia reference (B), eulalia reference
degraded by light for 120 days(C), and the yellow areas of the hem of the sutra wrapper No. 3(y6 and y7; D and E).
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Fig.10 Excitation — emission matrix fluorescence spectrum of
the yellow area of the hem of the sutra wrapper for
saisho-okyo (y3).
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Figll Visible reflectance and second-derivative spectra of
safflower red with Amur cork tree (reference) (A), the
yellow area of the hem of the sutra wrapper for
saisho-okyo (B; y3). Solid and dashed lines show
reflectance and second-derivative curves, respectively.
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Table 3 Visible and fluorescence reflectance spectrometry of green areas in the sutra wrappers of bamboo stored in Shosoin
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Figl2 Visible reflectance and second-derivative spectra of knotweed with Amur cork tree (reference) (A) and the green areas of

the body of the sutra wrapper No. 3(B and C; g4 and gb). Solid and dashed lines show reflectance and second-derivative
curves, respectively.

13 5+ 7 A stk (A), 2o 3 ookt (B and C; g4 and gb) @ 3 KITHIEANRY b,

Figl3 Excitation — emission fluorescence matrix spectra of the reference of Amur cork tree with knotweed(A), and the green
areas of the body of the sutra wrapper No. 3(B and C; g4 and g5).
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Table 4 Visible and fluorescence reflectance spectrometry of red
areas In the sutra wrappers of bamboo stored in Shosoin

EEAPHOREIZHEEEEZ V72 kiR %R
JICFE LDz, ik RONERE LT, Tkt D 3
DI OFFAEM OfKkE (24 and g5) DKEFA XY

14 =777 A HEBEE (A), Tz 3 0fFOR MG (r10; B), KEFERMEOEORM (r14; C), IEME:OELORE (12, D)
DOIHEIEFANRY MV E R AT MV, FEB L OBGE, EE g, ks iz =7
Figl4 Visible reflectance spectra and second derivative spectra of akane madder (A), the red or orange areas of hem of the sutra
wrapper No. 3(rl0; B), of reverse side of the sutra wrapper for saisho-okyo (rl4; C), of the body of the sutra wrapper for
shojo-zakkyo (r2; D). Solid and dashed lines show reflectance and second-derivative curves, respectively.
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The Shosoin treasures, which have been preserved continuously in the famous repository at Todaiji since
the eighth century, include belongings of the Emperor Shomu and the Empress Komyo, such as objects used
in Buddhist rituals, games, costumes, musical instruments, weapons, interior decorations, and stationery items.
Sutra wrappers are stationery items from the Nara period which were made of bamboo-stem splits knit with
colored silk threads in the body, hemmed with rusAzks fabrics, and lined with plain and/or twilled fabrics. This
study aimed to investigate the dyes used in the silk threads of the sutra wrappers preserved in the Shosoin
Repository by using visible and fluorescence reflectance spectroscopy with optical fibers as nondestructive
methods. The results showed that dyestuffs found in the sutra wrappers came from a wide variety of
sources such as gromwell (shkon; Lithospermum erythrorhizon), knotweed (ar; Persicaria tinctoria),
safflower (benibana; Carthamus tinctorius), madder (probably akane; Rubia sp.), amur cork tree (kzhada;
Phellodendron amurense), and eulalia (kariyasu; Miscanthus tinctorius). Gromwell, knotweed, safflower, and
madder were identified by second-derivative visible reflectance spectroscopy. Fluorescence reflectance
spectroscopy was used to identify the yellow dyestuffs amur cork tree and eulalia, both of which were found
in the yellow areas in the hem fabric of a sutra wrapper. This study indicated that the dyestuffs identified in
the sutra wrappers in the Shosoin Repository coincide with those commonly found in textiles from the Nara

period.





