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Constituent Material Analysis of the Bamiyan Buddhist Wall Paintings
in Central Asia (2) :Organic Analysis Using GC/MS and ELISA
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B >4 0 kO BRETHEHEER (ESRF) 123514 WFTIR, uXRF/UXRD I &k BOMH S, /N — = 47—
EORECIE, BMLEBEEEREE, BolITH fls, 2V /\VE, SEELEERDEAL
BEENEESG—RIEETHTEAESHE T, TNESDEMNER, EREEEICES
TRRODBEMP, LEXREEENHIIEEER (JL—X) B BEEROBLSEE LTRAT
nNTWeEEZ SN, LHL, TNSORRFERLITTIE, HOEED, BE, iR, AL
VizE, BERMGERNBORERIET 5T EHNTERELE, Getty Conservation Institute (4
TAREMER) CORBRE LT, ARIOX NS 7 BEDHE (GC/MS) <& B IR0,
T I/, EHHLBEDS 3 EEDDHTE, ELISA (Enzyme-Linked Immunosorbent Assay :
BRESRERSE) EmAEHE LA ET o>l ELISA AEREEOBVRERERGE A
L, MEICEENIREDZ VNV EERH - EE2T 2DICENEAETH S,

ERREE DA T ofemBE 52 |, 73/ BONE 29 R, SHEOSE, 28NS T 4%
Bz, ELISAEIC KB EBRISICDOWTIE, 25 201 L 2 Sh 6iERE1" . ZORBR, &t
EERAL—BE, 2VIN\VEHZVIEMESERE B —8, BIESEEEZRV T L
EZONB—BICKANT BT ENTER, BIEhIEE 12 BOEERHNL SBREHIND, Lk
NCGEBI LTz P/SEER L8, 7IVImbaWNNETVmEEZ SN, EEhmEREME LT
R EOAREICHEINIERIE, ShEZ THME S LTV EVSFEERFD, ThsiE, N\—Zv—
NTHBF B HERATHEONEEB LB OIS LN TES,

—7A, TI/BHIREINEEER 2 ah5ld, ELISAEICEKY, 2VINJBELT, IEP
gIEMMEHE NI, 7S/ BOSEEA G LB, AEZEETHE L TAVLTLSED
Th b, MEFATHEINIEEERICH L, TESIRKEREICKYEINIEEREIRASIE
NTES,

(F—7—F] &8, B#IE, GOUMS, ELISAE
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[ C&IC

N=Z V= BEBEORFEEICEE LMERED—IRT, REL IR >7ObOY
ETYEHESR (ESRF) (T351F % SR-UFTIR, SR-UXRF/UXRD Ic &K B 0D 5, /N\—2 v — 2 EHhnE:
HIClE, BMLGEBREERFD, BCLITH, Biis 2V/\VE, LBEERERGLIRLTERD
EEG—BIEET BT EHBES DA o fe[Cotte et al 2008; 2009; 2010; Taniguchi et al 2008; A 1t
2006; 2007; &0+ 3 +2008b],

LHL, IhoDFETIE, SHPICERE, 7 / BEOEEL CIIERTEDLO0, HD
EE®, B, IPE, AtaUGE, BERNGERNBEOEBERET ST ENTELRWD, A
Ao0OXR ST S7 /BEDNE(GCOUMS) IZK B0 ZTT o, GC/MS ZRWT, RERhEE, 7 3 /B,
A LREDT=8 3 BEODHAEITS L EBIT, MEMLEEDBEMDOREICHB I NS
Tz ELISA (Enzyme-Linked Immunosorbent Assay : BRIGEERENE) ZEHBAL TEEICEEN
SEHMEODIT AT o[B80 XL v ¥ 2008al,

BH, KRB TRET DHERAIL, 2003 F~ 2007 FIc7 THZAZ VERXLE ER/RXL
BIERZERR, RRXILMMAERMOM T o e [\—Z v — 2 EIMRFESEZE] ORE LA (EERFES) 2005,
2006a, LA (#782) 2006b] D5 5, & K [CEEEDRFEEORHEH TERIE LICAE L ZORRICED
WTW3, TNSDDHrIE, Getty Conservation Institute (47 R ICBEWTITofcd
DTHY, YrrobOryisitERONTEELEDFER (K8 HPR7I7 - N—Zv—U14

0 BEMAITOES

ERZE@EICEEEE5oHIcE, FAISHDOEERINRAIRTHS, ERNFZEENROLHS
ERMEERY S TREZESDIFEY, Z0HER%Z, T TIEBEMERRTELEET S, ¥
BIFERT HHICE, HAEREMEENH ST, HEIRET S LEDNBELIMHEZRDOED
ThHIFNEESEL,

FESBOICTIE, BUYDIERE, WEYIIEA L (Z4EEE), #ifs, &M, 09, At >, &ZhGE, &F
ETEBEMRDIBEME LTERINTWS GRS THRT D7 - N\— I v —V{LEEEDO D (1) 1),
Z5WoeBEMICK, EHTHERARZLDEITTIEELS, RBICK>THIESThEELE
FNBTHAS, EREBEMICE, MMNGEHEEDS 5, BRTYEDRZZR5D T
<, BREBEVORAEEDEREID/\L Y b& LT, EBEADEAHNSEZZWEDLH B,

BRT7 T DEREDBEMICDOVWTIL, XI5 M7 IS - TRTORHREIL G Y, REH
ROHL (REEPHGZEDADSESNDHR) P, NTIT7RE7 V7 ICEET SHEMHED
FSAAYNAL, TT7—ALGEIERE TN TS E LS [Birshtein 1977; Kossolapov and Kalinina
20071,

N=—ZV—VEEDBEMICDOVWTDBEDHRETIE, 7y TV RAERKLEDOGEEDE
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[PR7 DT - N=ZV—VLEEEDODH ()] BOBF

BRED SEMHER % [Gettens 1938], &1z, 4> FELBICK DFHERIL, HEYHRD A L EE)
MRBOmAZRE LT3 ([Lal 1970], R ZHE LIBEBOMER EIERE I SIERBETH D,
RAML, BARLEBOAEDEBEICRESN TV EEZI 5N S,

FATHRTIE, —EFICBVTEREEERN, HRRADOEEDOBEMZ BN LB
BEWes, BONTHERNZOHIEANRERELTWVSZDL, HEWVIEZDORIERELIZEDTHS
DHASHTIEED 2Tz, ZDIe®d, 52X L DAREDEEZ N RIGBRRIG DT ZEH M 1.

BEOLSHI LIHUERIE, BBE, THE BLEOE JTL—XFIXTEZARLDTH
%, BEMLUANICH, TETELBEOBRMELNI TN TWVS LFERIN. TNTNDEIFH
~T UM IFEDEHTHY, EHNICBEBENBET ST EHNTERVED, MNEREZDE
% GC/MS THW&EIT DT,

HARO—8%, BIBEZRETSRESL, 73/ BERETHHRECHONL, FEFEHNO—
EEZNERE (WM L) ZRET HRES LTJHE%LL%‘*ELT:O FTRTDODHIEEL, %ﬂ%hP\]
EEEBA N, T5IC, ELSAZEERWVWTEZ VIV BOREDLHDHEEITL, HRNEER
HBEONBHESHIEEEITolc. THIC, BASHOEEMAREEINZEDITDONTIE, V>
70bOYEBW UFTIR T, BRMBZFIEERINEH 518, BTEDAEET T,

@ HRAYOT NS T ERHWESE A BB D

2—1 ARIOXNI ST/ BEDEDRE

ARYOXR NS 7/ EESTEIL, E”tﬂ’é#j‘xﬂz LTEALRNEEAREBEIMEE TS0 4
IO TS TET, ZROBEHRDOEN, EEIFERAINTWS,

BATSEANEIDIHE g T, yﬁiﬁj\/hbuﬁt#4b\7j7L\€rLﬂ3'%Fﬁh ERADH T LA
DEEREDHMNDEICK>THEET S, VT ary2ALE, —EXRETICBEWTEEIC
BEBDELGEDD, HRAICEENDHADREEDAIEEEED, e, E—VDREEIERDDE
1TSS B8, EEDMDAIREEESD—H, [IFKRTENTNORDDORBEDRIEEG T L3
R 2HEHLBH S,

2—2 AREEREDREAE

2—2—1 B, BiEOS
Bk SYOEEC

H+~8E g DEEZ Cdhn 7L S 0NS VY ATHEL, R COM#E/ N1 7)bic
AN, kLI & Alltech Associates #184 Meth Prep Il (TMTFTH: m~- (trifluoromethyl) phenyltri-
methylammonium hydroxide, *#%./—JL 02M) DEE®R Qml:1ml) ZMZ, 7 MEHB KT X
F IUb & 1T o f [Sutherland 20071,

INAT V&, Ry b TL— b ET60CICT 1 BEIRSD IR, BRI LIz, ZD%, k& DR
al, EBHRREDMICHE LT .
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PaXE e

PHTITIE, Hewlett Packard 5972 A X~ OX b 57 "EEanNhEE=FER LTz, DB-5MS F+v
EZU—A75L(3B0m X 0.25mm X 1um) Z08AS LEL ANV DL EF Y ) T7—HXELE (O
VAR N T L o —1267psi).

SHELEARRAT Uy b LRERERL, /N\—DKE 60 #, FAEE % 300°CICERE Lic. &1,
FSVRT7—54VREIE 280°CICERE LT, A—T7ViREIL, 50°CT2 oRERREFE, 10°C
ST 320CETHRL, ZOEF 20 0MREF LI, EROFEAZRREF— TV T5—ICT
15ul, BEDEHE, 204 VEZ2U 2T (TIM) €= F& Lfce 413 MBETEFA 4 EHE (E)
ETCAFMLBEIE70eV TH B, 12— T 14 XBEIF230°CE Lic, EXV VB, AN Vg,
SOV, TEIAVE, NV, SURFUR, INVIFUE, RTTIUVE, TIFY
VB, ALAVEBORENEEEDHDORERIERICFERL, FvUTL—arvziTof., &
#ricid ChemStation ZFIA L1z,

2—2-2 ZVINTBEDOHH
ik SO b

LEREODRDE, BELEENEZZOEENATIVRATEREY, 7 /BE2)IMELTHR
7O bS5 7 EBESRICH LT

INAT77IVIT, BB (6.0N) Z 100ul INZ, BREARZ20MmLT/N—TY LIeDns, HALK,
105°CIC T 24 SRR S, TRICRELIcE, BODBEZIT o e, 60°CITRHGH S, BRARZR
T LKV NATIVAZER IR EE e, RWT, ERHTEHIK 30l ZMA, E=ODBETH S,
LRI EEROFETREE BT, T2/ —IV (99.5v/v%) TUY AL, YU IUMEZEITSHIIC,
TRRICNBERR S8,

) IMEADBEINE, ) L—avkoE) T, 21U U LA Pierce Chemical &M MT-
BSTFA+1%TBDMCS (N-methyl-N- (tert-butyl-dimethylsilyl) -trifluoroacetamide+tert-butyl-dimeth-
ylchlorosilane) MDE&ERKRE LTz [Simeketal 19941, <) VLR &AL MTBSTFA/TBDMCS %
30%, EVIY70%DRERE 3N THB, BERDBHEZE/NATIVITIZ, N7 IVDOEZESR
#alfee Ry bTL—FET, NA7)L% 60°CT 30 98D, #—T VT 105°CICT 5 Rz L
feo BABRODEEL, EBEHFRIWEHR/O M TITGEALT

SaXiE 3G

TBDMS 58D EEDHTIE, Hewlett Packard 5972 SRV AR b F 57 /" BESHEEBTITo
feo DB-SMS F v ES U —AZ LEFEALTE 30m X 025mm X Tym), F+ U7 —HIEAN
T L\, REA5cm/sec (AVAZY b7O—) &L, SEFEARRT U Y FLRE, FADBE
260°CTN—VRBE 60 & Lice NSV RT7—F 4 ViREIE 280°CITRE LTz, 7—T ViR
I 105°CT 1 PRIREEE, 20°C DICT320°CETHEBL, ZOXEFE 3 OBFRIFLI

BRE—JICKVRHBHENT 2058 50Ic, BEAHtE) T3 V21 LT4
DLPEDSEHET 2K DICERE LTz, SHHOFARIEA — M T 5—1CT 30u, BEDHETE,
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LTy RAFVEZRIUVYT (SIM) E—F& LTz

AT NMCESBEFA A VEE () ETAHFMLEREIL 70eV THB, 1 V2—7 14 REI
230°C& Lfe, 73 /8, Fshhls, 7)) tO—IVDEEMEEEDNODHRERERBE L TF v
T L—> 3 vicER LTz, #ricid ChemStation ZFIA LTz,

2—2-3 ZHEHEODR
Gk S OE ]

PfiElE, Mawhinney 5 (% Cfz [Mawhinney et al 19801,

A ~85 ug DEBEE CGhn 7L <0700 XATHEL, R COM#E/ N1 77 IVITA
N, REEED 20ppm [CHBLSICT7O—RBREMA o, LHEREMKDRT DfeHlc b7
LA OFFEE (1.2 N) Z 100l MDA fzo INATIVICBERARZ I0MFELT/N—YLIzDB, HAL
feo INATIV% 125°CT 1 BRBOH DB, RRITHE LIz, N1 7 IV ERLABHTHIT DS,
EEIRAEDHEAD 20ml /N1 7 )UICFE LT, 50°CE RO DODODEEHREBWV /N1 7IVRAER
FFIRET BT, GOUMS BOEREKEBWTNA7IVAE ) VA LR LTz, E5IC, kI Z/—
IWTY YA LB LT,

INATIVIE, EVIVEAZ )/ —)VICABLIEO- XF)be FOF V7 I VIBMIBAR
(2ml/1ml/300mg) % 200ul IR, BBERME LTz, /\A7IL% 70°CICT 20 0iB%, ERETEA

AL, Oy TRICESDETI0 B> WERESEe, EUIVICEKEBAMZZE0
(Iml/3ml) % 400pl MDZ, EAZM LT 70°CT 20 BT

NATIVEERETARAHL, ABMAY Oy TRH DV EEEFMICEDETEEHR
EAWCEEES S, 700KV 400u EIIA CTRBRMZRIL Lz, FEEKLDBIETECSE
HEERET BoIC, BB (1.0N) 500ul TYUVRL, E5ICAF 3ok 5000 THEY VAL
feo EXY bZRAWTLEEHBEZEBEEICRVRKRE, 700KRVAITARLIEBOBZFERLT
200ul 7 OORIVLISARE LSRR ZHRY, ZREETERRERME L, Z0D%, 50u @
700RIVLAEMA . TOBRREARIAI IS TITEA LT,

SaXIE e

i, Hewlett Packard 5972 AR - O b J 57 "BENHEEBE TIToz, J&W Scientific
SUDB-WAX + v ES ) —AZ LAEFA LK (15m X 0.25mm X 0.25um), F+ ) 7—HRIEA
T L, 7R 60cm/sec (AVAZ>h70—) &LTe

HEEEAGR T Uy LR, FAOBE 240°CTN\—VBEZE 60 E LT, PSR T 7—
A VBEIX 240°CICERE LTce 47— T ViBEIX 105°CT 1 BRI, 30°C 431 T 180°CE
T, 5°C/RCT240CETREL, ZTDEF 2 DEFRIF LTz, #HTICIE ChemStation ZFA L1
[Schilling 20051,
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© - ELISAEE AL BB D HH

3—1 ELISAEDRIE

ELISA /&1L, BREARRREELZLELTENZEMCENT CHERAINEZINHAETHS. TDH
ElCK Y, HERPICEENIE - TROEEPREZRET ST EHTES,

ELISA A REEOSVHERAERSZFA L, BERISICE D REBREEZRIZEE T 528,
TETFELZ2N\VBEHNE—FANPITEELTWVWSHT, pptA—4—TH>TELHWEICEENS
BEDZ VNV EEEH - €EEY 5 TdITEMEHETEH S [Mazurek 20061,

FEFEMIc, 2EEDZ I\ VEHRRFICEENZIEENHZDT, HETIE, WILEHRFKD
2VIN7E @EMBEROIS—7 Y, AERREROAHL,Y, BERROZV/INIE GIEBEXR
DINAR7 VT ZY, EBRRDRACEFY GIED V2 VINVE))), WEYBERO2 > INIE (I8
MALDZYER) EWo 2 I\TEBDRERRIE DEHH 75 TN T L% [Heginbotham et al 2006;
Mazurek et al 2008]

EE, T7AUAR Y EROIC, BEMEEPEBDORBREMG EERNBEDEERENBOH T
BWERICTOFENFBEINSEZMAMNEML TWLS, aE, TIROFE[Mazurek etal 20081+,
DT ARAARRT Ly RO 18 MEEDEBEORICFERINLT Y v IHKZE (qjami) &K
N3 ERNEMHDDITH S INEPIIE L& H T M= F A [Schultz et al 2009; Arslanoglu et al 2010] 75 &
&%,

LA LGEDS, @8, FEeEeclE, Zih, 9 #SEGSHOBERMEY, ENEELT
FNTHY, e, REDBUEFEZIT WS, DINEIERBICEETR#ETHZ T LEHZLN,
ETHIC, MAAEDOMEOERAPROBETORDLSE, DINICIFRENEZHKEZL, LHL,
EFIESBHFEORBEDLS, DPMDERSLVUEEUDPAELHEBEINTETEY [Schultzetal
2009], SEDOFADLELY HHRFENDFED—DOTH 2,

3-2 HRBRENHTA

FHAGENARE L DINFIBICOWVWTIE, FiTHAZE [Mazurek etal 20081 (C#E LTz, TT T, ¥
Y RA Y FEEEINS ZEBEOTERE (K1) ZRALFEEHRBLE.

10 ~ 500pg DEEFEMICT) 12— 3> - Ny T77—2MAT, BHOZVINVBEEAE
BEMERE LI, TUa— 3> - \y 77—l TM® tris (hydroxymethyl) aminomethane
hydrochloride (tris-HCl) :5ml, 0.5M @ ethylenediaminetetraacetic acid (EDTA) : Tml, urea:180
g, sodium dodecyl sulphate 20% 7K7&7& :25 ml (ZxF LT 500ml (T3 2 E TA 4 >V RIKEM A,
NaOH #BWNT pH % 74 ICABI L&D AEFIA LT,

9, REEWNETEERMNOR2VNVE R ICHT HERGEEZEEICRESERDSE, E
Ho7OvF29%75, BREOTOvF 2 JI1clE, BERAFLIIVIAERT BT EHAZVH,
PR PLSHLA U EZRET HAEMELH o fefedd, KB E LT SeaBlock TM /Ny 77 —%
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[FRRT7 V7 - N—=Z Y —MLBEBD D (2)]

“aOEF

AL, Xic, EMICERNBARE—TIAEEMNA, RIGLGED STEMRELU—XinraE< 1
O7L— b okET S, E5IC, ZXGEEREY, BE, ROGIRNGZEET S, £A
Lfe—2infk, ZRuEiE®R 1 1R Lz8Y Ths,

=Elc, FEEE p-nitrophenyl phosphate (pNPP) NG 3 &l kY, BERRISDERD
EEBRGICKIEE LTz, M7 70— bDHAERZRULT 405nm ORFEZRIE LTz,
18EESEY 2 EDQRAEEZTL, BEHLBELNDHIEICELTIE, @A 030D405 LU EDEAE
ERLUIERHCDE, BHEEHIE LT,

ERISICEY, ZhZh, ¥+, o9, &, Ivovht1y (DY, A4Fa27,vF), 808 (=
7Y, eIV, AFa3), WE (ZTUNY, eIV, AF3T), 7IETAL c RRALE,
FSAAY FALICEEND 2\ 7EBHERETNS (K 2),

ZRIE

— Rk .5»’

®1

fER Lfc—Xintk, — Xtk

—RHUA

ZRHUA

Collagen #AB6577

Rabbit 1gG #AP123A

Collagen #AB19811

Goat IgG #AB6742

Fish Collagen #T89171R

Rabbit IgG #AP132A

Casein #RCAS-10A

Rabbit 1gG #AP132A

Ovalbumin #AAB1225

Rabbit IgG #AP132A

Phosvitin #5C-46681

Mouse IgG #AP124A

Plant gum #JIM13

Rat [gM KPL#05-16-03

Gum Tragacanth #MAC265

Rat IgG #AB6846

vAg
<] > E8EE
p%a

a a

* * &
* * *

S\ 8 (RHD)
FHRARG THE

Y Y Y'Y

1T B Py FERCLDNERIGERE
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2 ELSAETAVETA 407 L— MERXE, #
FloElic—BDTF A M EIT o1,
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o Eit*sl_

N=ZV—VEBERWDN—ZV—VAEEE, 7+—>7— 71— AR AV>7a8E 21)-Iv
S—IVABEHOEE 5~ 91tid) HroThThnaEBZRE Lz, EFOIDMEOFMRIC DOV TIE
Bl (TpR7 D7 - N—ZV—VLBEBEODH (1)) ITXK5,

sklE, BHOAREICESEEDL SERFEN, FEBEEKREDL SEUN L IZEERH SHIL
b DTHB, T BRILDKLRADEERITOVWTIE, KMLADREFEEZTO>TWVWAIOE
R« FAYEEBRDSIEBEZIIEDTH S (FRF, RXLADEEBRILEGB, BAXILDXEERIE
WGB &&Ed). TNHSDMAIE, AAILDRFEERIEERIC, KMAFPEROFHSERENTD
DThH5, mAlLE, BEERF LR, &YETEREICRHET ST ETHRHOVERPROEZ(E
DHLTEY, ZOLIC, EEBHGEENTVEEDEEZSNTWLS, LH L, 2001 EOBHICK
FEMDEHO VR EE>TLESTEe®d, TNHEEEEXKILDREDEETH >T2DH, H
BWNNE, KILEDOBEBENBE TR ICE ST DEON, Efald, KMADBTDAEEDEEDL
TNTH DL EHERT BT EDTERLY,

ZZT, INBOKILEBETHADEEZSNZHMCOWNTIE, HLEXTEEENLETSHTE
&L, BEMODHROHMER L .

BH, MALDOEEBILDWTIE, F1OER - FAVYEREREIIVAVINARE (F1Y), €
YRE (42)7) BERPBEMDOITZIT> T\,

R, RIEWRBEHET C, RV EH 5L TRYBLSEEBBAEMHMNICI Z 27 )b/\L—
vavl, THs, £, JL—XEVocERBOBE—FELTORERE Ll

e ﬁ*ﬁ%ﬁ%

HAB LD = /BOEEMEIE, F2 ER3ITRT. BHEINETOEREE 52 X

GBOELE - ARILER), 7 /BAWIE29 R (UBEEXLER) Thol. ZHEEOOR
&, HHBARONREF CldGEh ofcfe®d, 28O LT —2%FDHTHofc (Bld B [EHRES:

BMMO063]: 7L b—XR, ZIbO—R, 7ZE/—X, XL [EREFS BMMI91]:+O0—X),
ELISASRIC K B E2EBRSICDOWVTIE, 258 28) 2L 2 abh oiEREB k. ThEThok

RicoOW\WTiEx 4 lomlfs

ERMEICEELT, PTDSRONTBEREMBENICELO—EBEZRS ITRT,
TOREEDICHIY, UTDIEEEEICLT,

BEREBE DT DRRIC, PITRE LIcisihigld, EX ) V8, AN VEE, SV VB, 7854

y@,tNDV@ SURFUEE, INVZFUBE, RTTIVE, TIFRIVE, ALAVETH
. OB, B, #BEEOREEENELIEEDTHS, £I T, GHTHLEMIAIVRVETHS
TEIAVEBRENSREEINEDICDOWVNT, HDTREELHY, TSICAPE (7L

VB INIVEF UL BEWMEZRLTWARRIC, BEOEA RN ZTENTWS EE R T
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[PR7 DT - N=ZV—VLEEEDODH ()] BOBF
2 BEBBE i - 1S - B4 ARDTHOHHT (Methprep I) DER—E v 55 =am)
ES
= S 2
Sample Cave Description 2| & he] © © =23 ) 5

= 3 ® 2 kel S ® < < S 3 °

FlE| S S| 8|slels|8|g|e|g|s]x
BMM 063 B(d) red and ground 76| 15| 697 257 | 00 | 1232|107 | 1.2 | 524 | 17.0 | 0.0 0.0 31| 24 4.7
BMM 091 C(a) unusual light blue 200 20 O 0.0 0.0 0.0 00 | 0.0 03 0.4 0.0 0.0 08 | 00 0.1
BMM 209 C(b) green, white ground 219] 20, © 0.0 0.0 0.0 00 | 00 6.9 53 0.0 23 13| 00 0.1
BMM 099 D red, white ground 4 200 0 0.0 0.0 0.0 00 | 04 34 4.5 0.0 0.5 08 | 00 04
BMM 067 El yellow, white ground 198/ 20 O 0.0 0.0 0.6 00 | 00 43 37 0.0 2.7 11|01 0.1
BMM 108 E(c) ground and soot deposit 191 20| 042 0.5 0.0 0.7 02 | 05 28 1.8 0.1 0.4 15| 02 0.1
BMM 101 E(e) darkened surface, later soot? 248| 15| 223 24 0.0 49 13 ] 29 | 150 93 1.0 0.0 16 | 03 0.2
BMM 083-1 F(c) translucent yellow glaze and render 556 15| 0 1.0 00 | 44 03 | 28 6.8 20 | 00 13 34| 06 0.1
BMM 083-2 F(c) black darkened layer, yellow glaze, white ground 81 15| 4.96 171 | 00 | 747 | 60 | 16 | 305 | 112 | 04 | 00 27 | 24 2.7
BMM 045 G yellow, white ground 84/ 200 O 0.0 0.0 0.1 00 | 00 1.0 0.6 0.0 0.0 16 | 0.1 0.0
BMM 212 H(a) yellow, white ground 309 20| 0.18 0.1 0.0 03 00 | 02 14 0.9 0.0 0.0 16 | 02 0.0
BMM 211-2 H(b) red and white ground 416 20, O 0.0 0.0 0.5 00 | 00 22 12 0.0 0.0 19 | 02 0.0
BMM 009 | red, white ground 53 200 O 0.1 0.0 0.2 00 | 00 0.5 03 0.0 0.0 16| 04 0.0
BMM 073 | blue, black, white ground 408/ 20, O 03 0.0 0.5 00 | 09 6.2 38 0.1 03 16| 0.1 0.1
BMM 128 J(b) blue/black, white ground 218| 20| 034 0.5 0.0 12 02 | 10 46 32 0.0 0.0 151 03 0.1
BMM 112 J(c) green on white ground 17| 20 274 39 0.9 8.8 16 | 48 | 209 | 156 | 04 0.2 13| 04 1.0
BMM 113 J(0) green on white ground 276 20| 173 31 15 85 11169 | 290 | 194 | 06 0.6 15103 0.5
BMM 120 J(d) blue, pink ground 183 200 O 03 0.0 0.6 00 | 05 4.1 33 0.0 03 121 01 0.1
BMM 169 J(f) red, render 131 200 O 0.0 0.0 0.2 0.0 | 00 15 0.9 0.0 0.0 1.7 ] 01 0.0
BMM 080 K flesh colour, white ground 1154 20| 0.81 0.3 0.5 0.6 02 | 27 14.0 7.5 0.3 0.7 19 | 0.0 0.0
BMM 134 K brown deposit, red, white ground 451 20| 1.2 1.6 03 26 03 | 08 5.4 37 21 03 151 05 0.1
BMM 135 K brown deposit on chaff 156| 20 0.34 770 | 0.0 17 02 107 | 165 | 414 | 15 03 04 | 0.1 18
BMM 203 L green, white ground, yellow size 37| 20 1.94 56 00 | 251 18 | 05| 113 39 0.1 0.2 29 | 22 2.7
BMM 053 M darkened surface, later soot? 146 15 0 1.7 0.0 42 07 | 09 7.8 53 0.3 0.0 15| 05 0.2
BMM 054 M red, white ground 223| 20| 5.22 107 | 0.7 | 323 | 47 | 40 | 252 133 | 10 0.1 19 | 13 0.9
BMM 035 N(a) resin, green, black oils, white ground, yellow size 54| 15| 6.32 203 | 00| 910 | 53 | 19 | 514 16.7 | 0.5 89 31| 18 56
BMM 040 N(a) red/oily red, white ground 104 15| 6.52 236 | 00 | 1232 | 88 | 1.7 | 518 155 | 04 15 33 | 24 34
BMM 183 N(a) deep red glaze on orange 17 151 0 14 | 00| 45 00 | 02 20 0.7 0.0 0.0 27 | 22 0.8
BMM 184-1 N(a) yellow resin on tin leaf 200 150 0 0.9 1.0 22 03 | 00 0.6 0.4 0.0 0.0 15| 34 0.4
BMM 184-2 N(a) tin leaf and white ground 20| 15| 0.24 0.7 0.0 30 03 | 00 19 1.0 0.0 0.0 20 | 16 0.5
BMM 163 S(a) grey/green, white ground, size 1438| 20| 26.07 | 909 | 23 | 349.2 | 312|107 | 2304 | 932 | 2.8 0.0 25| 15 12
BMM 157-2 AR blue and render 953 20, O 0.0 0.0 13 00 | 00 24 12 0.0 0.0 19 | 06 0.0
BMM 189 EGB blue in white, white ground 2412 20| 038 0.2 0.0 0.5 0.1 | 07 43 25 0.2 16 17 | 0.1 0.0
BMM 190 EGB red, white ground, render 1162| 20| O 00 00| 02 | 00 |00 1.7 12 (00| 09 |14] 01 0.0
BMM 191 EGB blue in white, white ground 155 20| 0.05 03 0.0 0.5 00 | 1.0 70 4.1 0.2 0.0 1.7 | 01 0.2
BMM 199 WGB red 841 200 O 0.2 0.0 0.5 0.0 | 00 28 38 0.0 00 | 07| 02 | 0017
BMM 201 WGB deep red 401 200 O 00 | 00 0.7 0.0 | 00 33 44 0.0 0.0 0.7 | 0.2 | 0.041
FDM 059 Fol 2 red and white ground 26| 15 142 5.0 00| 210 | 16 | 00 8.1 26 0.0 0.0 31| 26 23
FDM 043-1 Fol 3 yellow translucent size 14| 20| 031 11 0.0 38 02 | 02 21 11 00 | 00 19118 13
FDM 043-2 Fol 3 white, white ground, size 263| 20| 1353 | 406 | 05 | 1616 [ 122 | 1.2 | 478 174 | 04 | 230 | 27 | 34 24
FDM 014 Fol 4 selmon pink, yellow, white ground, size 330 20| 1063 | 320 | 0.0 | 153.0 [ 100 | 06 | 30.2 131 | 04 0.2 23 | 5.1 15
FDM 055-1 Fol 4 green, white tround, size, sandy render 1096| 20| 2183 | 86.7 | 2.3 | 3994 (236 | 7.8 | 2176 | 767 | 19 | 189 | 28 | 1.8 16
FDM 055-2 Fol 4 reddish sandy upper render 3533 20| O 0.0 04| 03 00 | 07 28 1.1 00| 04 | 25| 01 0.0
FDM 023 Fol 4B white, orange, white ground, size 330| 20| 2451 | 66.7 | 3.2 | 2448 | 200 | 109 | 1535 | 56.7 | 14 | 06 27 | 16 35
FDM 003 Fol 5 red, white ground, size 147 20 0.07 03 0.0 0.7 0.1 | 03 25 1.5 0.0 0.0 16 | 03 0.1
FDM 026 Fol6 black(grn), white ground, white size 80| 20| 22 6.2 0.0 | 221 18 | 0.0 6.0 23 0.1 0.0 26 | 3.7 1.0
FDM 060 Fol6 brown green, red, white ground, size 406/ 20/ 103 264 | 00 | 1009 | 7.2 | 1.0 | 264 142 | 07 0.0 19 | 38 0.9
FDM 062 Fol tomb 4 blue, white ground 125/ 20{ 0.0 0.2 0.1 03 0.1 ] 03 35 43 0.0 0.0 08 | 0.1 0.1
KAK 03 Kak 43 red, black organic, white ground 54/ 15| 517 169 [ 00| 701 | 55 | 16 | 409 | 128 | 00 | 00 | 32| 1.7 | 43
KAK 10 Kak 44 white and ground 427\ 20| 19.06 | 752 | 0.0 | 3489 | 254 | 53 | 2233 | 812 | 20 6.1 27 | 16 37
QJM 06 QJ gold leaf and mordant 20| 20, 5.03 157 | 00 | 734 | 55 | 1.0 | 184 6.5 0.0 0.0 28 | 40 | 125
QJM 07 QJ brownish colour, whole paint layer 176 15| 3.76 133 | 00 | 625 | 54 | 00 | 213 83 0.0 0.0 26 | 29 1.0
Reference Oils
plane tree gum modern ref, Bamiyan 2006 0.38 09 | 00| 20 |02 |04 | 38 15 [ 1.7 13 | 25| 05
almond oil fuwler (film) M. Schilling 1989 0.53 35 00 | 159 | 0.7 | 0.0 4.6 42 0.4 15 11| 34
linseed oil refined windsor newton M. Schilling 1989 493 | 355 | 0.0 | 3652 | 145 | 0.6 | 1650 | 1347 | 3.4 | 251 | 1.2 | 22
poppyseed oil grumbacher M. Schilling 1989 7.02 702 | 0.0 | 6557 [ 209 | 06 | 3657 | 1166 | 44 | 187 | 3.1 | 1.8
poppyseed oil cold pressed grumbacher M. Schilling 1989 6.77 | 722 | 0.0 | 591.3 | 196 | 0.8 | 4140 | 117.8 | 41 | 1070 | 35 | 1.4
poppy oil sunbleached M. Schilling 1989 505 | 462 | 0.0 | 4147 | 124 | 04 | 3286 | 741 | 3.1 | 52 | 44 |13
sesame oil arrowhead mills M. Schilling 1989 11 75 | 00| 565 | 19 | 03 | 1054 | 895 | 66 | 2279 | 1.2 | 05
soy oil sprectrum naturals M. Schilling 1989 3.44 260 | 00 | 2012 | 97 | 06 | 2528 | 1163 | 7.1 | 21.7 | 22 | 08
sunflower cold pressed schminke M. Schilling 1989 04 29 00| 212 | 1.1 | 00 6.3 122 | 07 24 | 05| 34
tung oil China M. Schilling 1989 0.22 27 00 | 318 | 04 | 08 | 1020 | 1099 | 6.1 | 3250 | 09 | 03
walnut spectrum M. Schilling 1989 537 | 402 | 00 | 3635 |116| 04 [ 1175 | 373 | 16 | 25 | 3.1 | 3.1
walnut oil rougie M. Schilling 1989 4.54 354 | 0.0 | 3399 [ 124 | 05 | 3245 | 1423 | 4.1 125 | 23 ] 10
sufflower M. Schilling 1989 4.81 380 | 00 | 2862 [ 120 | 08 | 1478 | 1126 |125| 163 | 1.3 | 1.9
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SHTHER R TiHhE
HHES AEBRS - s . . BIY _
BEMiEE  TI/ER ZHMER | EUSA Ak g 201 [ #wE B
BMM 063 B(d) red and ground ( ] @ glue [ ] X © O ] © [ ]
BMM 067 E Il yellow, white ground X [ ] - - (@] (e} [ ]
3BMM 083-1 F(c) translucent yellow glaze and render x - - X (@] () [ )
BMM 083-2 F(c) black darkened layer, yellow glaze, white ground [ ] [} - - © (@] (@] (e} [ ]
BMM 203 L green, white ground, yellow size [ ] [ ] - - © O O (@) [ ]
BMM 035 N(a) resin, green, black oils, white ground, yellow size [ ] [ ] - - © © (@] © HFR| @
BMM 040 N(a) red/oily red, white ground [ ] - - egg white © (@] (o] © [ J
BMM 183 N(a) deep red glaze on orange [ ] X - - O (@] (o] [ ]
3BMM 184-1 N(a) yellow resin on tin leaf [ ] - - - O O (0] O [ ]
BMM 184-2 N(a) tin leaf and white ground [ ] - - - (@] (@] (o] (e} [ ]
BMM 163 S(a) grey/green, white ground, size [ ] - - - ] O (o] O [ J
FDM 059 Fol 2 red and white ground [ ] X - - © (@] (o] [ ]
3FDM 043-1 Fol 3 yellow translucent size [ ] [ ] - X (@] O (0] O [ ]
FDM 043-2 Fol 3 white, white ground, size [ ] [ ] - - © (@] (o] (e} [ ]
FDM 014 Fol 4 selmon pink, yellow, white ground, size [ J [ J - - ] O (o] O [ J
FDM 055-1 Fol 4 green, white ground, size, sandy render [ ] - - X © ©mastic? © © HFR | @
J¢FDM 055-2 Fol 4 reddish sandy upper render X - - X O (@] [ J
FDM 026 Fol 6 black(alteration of green), white ground, white size [} - - - © (@] (@] O [ ]
FDM 060 Fol 6 brown green, red, white ground, size ( ] [ ] - X © O (o] O [ J
KAK 03 Kak 43 red, black organic, white ground [ ] @ clue - X © O O © [ ]
KAK 10 Kak 44 white and ground ® @cgzyok - - © O (o] © [ J
HQJM 06 QJ gold leaf and mordant [ ] - - - © (@] (o] O [ ]
QJM 07 QJ brownish colour, whole paint layer [ ] - X © O (o] O [ J
BMM 091 C(a) unusual light blue X X - X O [ ]
BMM 209 C(b) green, white ground X - - X O O
BMM 099 D red, white ground X [ ] - - (@] (@]
BMM 108 E(c) ground and soot deposit X - - - (@] O
BMM 101 E(e) darkened surface, later soot? X - - X (o] O [ J
BMM 045 G yellow, white ground X o - X O O [ ]
BMM 212 H(a) yellow, white ground X [} - X O O [ ]
BMM 211-2 H(b) red and white ground X [ ] - - (o] O [ J
BMM 009 1 red, white ground X X - X O [ ]
BMM 073 I blue, black, white ground X - - - (o] O [ J
BMM 128 J(b) blue/black, white ground x [ ] - - o O Ld
BMM 112 Je) green on white ground X - - egg yolk (@] © [ ]
BMM 113 J(e) green on white ground X - - - (@] (@] [ ]
BMM 120 J(d) blue, pink ground X [ ] - - (o] O
BMM 169 J(f) red, render x [ ] - - o ©)
BMM 080 K3 flesh colour, white ground X - - b3 (@] O [ J
BMM 134 K3 brown deposit, red, white ground X [ ] - - (@] o [ ]
BMM 054 M red, white ground ®  @cgyolk - - (@] O (o] © [ J
BMM 157-2 HER%  blue and render X - - X (o] @)
FDM 023 Fol 4B white, orange, white ground, size [ ] - - - ] O (o] o
FDM 003 Fol 5 red, white ground, size X @cge yolk - X O ©
BMM 189 EGB blue in white, white ground X - - - (o] O [ J
BMM 190 EGB red, white ground, render X - - - (@] (@] [ ]
BMM 191 EGB blue in white, white ground X [ ] [ ] - ] o [ J
BMM 199 WGB red x - - - (¢] O
BMM 201 WGB deep red X - - b3 [e] O
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H75<, B EIMESN 7 HicFIFEDEBEICFER ENEMEN, MU 1,000 FXU LI
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3 B(d) EEEEFAREES) [(BMMO63] (DIik., SERTRMEEE

XKD Z—RBR)

4 B(d) BEEEREERS [BMMO63] DY/ ORE T3>
BENE BT B RAEMGRR () . RRFOLRNMRENR (H)

BE32RVER, ¥BENEVSTRBICBEMMTVTELS, BILDEARIEERLTVWSEED
ns.

FIEMOEEARET Heolcid, HOBROREICREDS T —EDEERT P/S1E VUVZF
Vg RAT T VEE) DB TH BT EHESNTL S Ml and White 1994; Ferreira et al 20051,

T OFK BMM063 TlE, P/STENSLZ 3 DEERLTHY, —F, MORKWGRZIEHTIE,
HAEM_H (linseed oil), M (sesame oil), 7—E> K7l (almond oil), #&@# (tung oil) X P/S
EN 2 H25WNNE 1 UTTH S, FECEBELERETHRAIN TV SEYRROFZIEHRICE > T
BRI, TTTHMENTRIEmIE, P/S1ED 3 Ha%ERY, 7L (walnutoil) 1 50N TR
E—# (poppy seed oil) | EDFELELBNT EHNEEEINS (R2),

LHL, BoNcEE@EELRT ZEHICHBLEY 77 LY AN, BRROFPRT I 7HIBHTA
FIBTENTERTHADHDBEEINTREEL TV EWEEZSNS D, TOLELS,
HBRICHORRE Z51BYEE TRET 5T LIFE# L,
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THARE DN ETNTULBEDEFA LTz [Schilling
and Khanjian 1996],

ZORER, I [RDZFERD SIEBRE] (isinglass),
A= V5%E, BASHOOEMIBERDE & DERBL
=5<, AHBICEENTWS 7 /BIE, BEEROL
DTHHAREMEDNBVERERDIITEIENTES, L
HMLGEHAS, GOMS DDHERNSTEIFTIE, TD
BH, fmEkb, B, UYFHERHLNEVOTET LIFH
SMNCT BT ENTELRL, TNITDWTIE, HiED
RISz B\ CEMIEDRIEZBIREIC T % ELISA E% A
WTEBRET oD, BBNICEEZREL S 2BER
ISR sNEL >z,

UExEFELSHBE, TTTIE, B(d) BORELRD
ERRIC, EHD GO/MS DR DRTIE & Dt
IZ&Y, TNTNELRSENEZRE LT

9, BEMOmSDE LT, EEHRICEHENZ <
BENTWAT EARERL, IolCz0mEman, 7
IV RE—HDEEDEICEL LD TH S
TERASMNCT BT ENTE, DFW, 2D B()
BOEE(CIE, Hleh'd, BEEDK S EEIENMER
ENTWT EEBET AT ENTEN

Ffe, BULTOTRYBOLICERIN VDS
Bik& (HAI29) ILOVWTHZFDEDERET %
ZEDTIREE T DT, BIMTEDEEE TICIEEST
DolEDD, EHCFICELES L LTEREINS:
D, BRRODEZ VINVETHBT EICDOVTEH
HMERT BT ELTES,

6—2 TOMDDHFHERDELR

ZZT, DZz{Io2ELSEONBERICD
WTHENGEREZTTVLZWL, Blfs (HhR7I7 -
N=ZV—LHEEDODH (1)) OH/rE, SE
DBEMEICRET 20mADLESNERE, &
7ICKEEMICE & OTce TR, KEC 3 DDOMERA
EHBIEDTED,

F9—ol% (A HHOFICTEHBEST—E#N
FHEITBHBETHS, kI, B) EBHELEL, 2
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ELb & 7 — 2 B OHEBRR

i
=

ST 1E)

=

A [BMMO63] BLUL 77 LY ZXD7

*6

corr. coeff.

1.000
0.976

0.971
-0.028
-0.038
-0.070
-0.305

hydroxyproline

14.3

10.3

12.4

0.0

0.0
0.0
0.0

proline

15.0

15.0

16.7

10.5

10.9

11.9

28.8

glycine

36.1

46.9

46.7

14.8

14.5

14.1

8.6

concetration, mole%
leucine

7.4
4.1

3.7
21.6

22.0

23.2

22.0

isoleucine

2.8
2.2

1.8
12.8

13.2

13.3

12.8

valine

3.8
3.4
3.0
18.3

17.4

16.6

16.9

alanine

20.7

18.1

15.7

22.0

22.0

20.9

10.9

sample/reference

BMM 063

Isinglass (zecchi)

collagen & gelatine (mean)

egg white (mean)

whole egg (mean)

egg yolk (mean)
casein (mean)
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%, ®&klc, (O fsphigs, 73 /BEBREINGEVEDTH S,

(A) 1&, 71 VEBRENEL, APELSWVS, BILOEATEZERTHSARELNSV
R LTe, INSDEMHROEBARTE T 212010, HDOEBRDOREEICBHLS T —EDEAE TR
Y P/SE UNIVFIVEE/ATT7 ) VB BDEMTH S EHMSNT LS Millsetal 1994], &
NSDOFEMICEENS PSELABEGR3IERLTEY (k2), KRWGUV I 7LV RAT—4
CHBTBE, VIR 3) HBHWNET VR (3.1) IGEWMEERL TV,

R7 VT TRHWONIAIREMEDH SR (sesame oil) P (tung oil), SHIGDARMEZEE
MTHZEF_H (linseed oil) |& P/STENSKZ 1 THSIs (FEHM 1.2, ##H 0.9, BRF M 1.2),
SEIDHEE IEF—ELEV, HOEEIL, TLARRT7 I TIAMTEELTWRIZILIRT VD
HBIOEWEDTHBEEZS5NS,

/Bonfer—42H5, BBEFEBORERLNV IV BT VEhEXRT 5T LIk, P/SEZLLET S
REDFETIIRETH S,

ZD (A) O—HICEEN2EERL N\—ZV—YBdE FOR LE N@E SQ@E
T+—5—74—2,3, 4 (4B), 678, hv 5743, 44%, 2)-IvS5—)VABED 12 ETH .
BARNEZLIL, TOI3DORBEFHIIINTCHAZ MTMETEEV S HBRZRD,

INSDFEEFVE, N—ZV—VICHIT D MERETHEONEERFE LTIRATL,

XD B) I&, BEHEHEL, 2VINTEHEWNIENEZEENSEN TV SHESEDH S —
BThd, EbE5ITEL, KBAEOWMETHY, ThbE, 7oRSE LIFKERETHEINT
—BL VR B,

ZZICEENSEEEE, N\—ZV—VDE RIE GE H@E HbE Jb&E JO
B JAE JOHE KBE ME 7+—7— 71— 5%, RKLREDEEBTHS,

ZD>5, ELSAEICE ST, JOBHLSINAD, 74+4—F—T 14— 5BLSINEMEHEEINT
W3 (R4, TNTNHBEMTHSDD, EBXREICEINICAVWSNERNE THSDH
REATH %,

GO/MS ZRWERALEER [AES (BMM191] OZFEESHF T, FYO—ADEHT
NTWBH, EOBYMEALICER LIEETH 0L, BET BT EIETELGO 2z, BERHIT,
EHKRE (A12U7) ITLBAHICEST, 1OFEX » FAVEEREHORLOREDE B
BHein, ZIVIBREDAEL VHREINEERETN TV S H [Bonaduce et al. 2009], S[EE
FELTeRHh S, A4V DEEEZEMITIZELSET I /BICOVWTIEHIN G 2T,

KNLEELYE, BHEDARETRETHE 38 A— ML (KAL), 55 XA— bV (XL E0
DEXRGRILDRENICKET S LIE, ABATHLNVEBEZEC I L EFRE DD, MRMED
VEEDMERNRDBENTETHA D, ZDIed, KEGRIZEGZEZBWTLVEBERS28IC, K
BUORBEME BIEGERIRATNEEZS5NEDE L,

R - BAILOEBREE, RALBIBEOGEZ T LT 2L S GREERAICKVENMLTVS
KOTHY, HEREZHRALTWS—EOEBELEIE, BECHODDOEIALEMLELG S
DTHOEEZ DT ENTES,
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Constituent Material Analysis of the Bamiyan Buddhist Wall Paintings in Central Asia
(2) : Organic Analysis Using GC/MS and ELISA

TANIGUCHI Yoko

A series of synchrotron-based uXRF/uXRD and pFTIR analyses revealed that a group of Bamiyan wall
paintings has multiple layers of colourants with various organic components such as oils, resins, proteins
and plant gums. These organic substances act as binding media, glazes, and perhaps sizing layers in the
wall painting structures. However, the above synchrotron-based techniques are not enough to identify
each and every organic material present among the many kinds of oils, animal glues, egg yolks/whites,
caseins, and other substances. In order to carry out further detailed study, GC/MS and ELISA (Enzyme-
Linked Immunosorbent Assay) analyses were conducted under a cooperative research project with the
Getty Conservation Institute. Three settings were applied for the GC/MS in order to detect fatty acids,
amino acids, and polysaccharides. ELISA is a biochemical technique used to detect the presence of
antibodies or antigens in a sample, and thereby allows for the identification and quantification of the ppt
order of specific proteins.

52 samples of fatty acids, 29 samples of amino acids, and 2 samples of polysaccharides were
successfully analysed using GC/MS. Two of 25 samples were successfully analysed using ELISA. Paintings
were identified as belonging to one of two groups: drying oil based paintings, or water soluble (protein or
plant gum) based paintings. Drying oils were detected in the paintings of 12 caves and all showed similar
P/S values indicating the presence of either walnut or poppyseed oils. Such cases of drying oil based
paintings are specifically characterised by a lead white layer as white ground. These can be identified as
having been created with the ‘oil painting’ techniques of Bamiyan.

The ELISA indicated the presence of egg yolks and egg whites in each of two samples where amid
acids were detected using GC/MS. Protein or plant gum based paintings always incorporate the use of
gypsum as white ground; This group of paintings, however, was depicted using ‘water soluble’ painting

techniques.

Key Words: Painting materials, organic substances, binding media, GC/MS, ELISA
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