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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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TANIGUCHI Yoko
Lo
QOB AEM MO E®
@ Aru= 777 Ewnhiikt M- HEmE o N
OELISA L% W74 B o b
OiLH
(5 JAgiE ot 3
(6 B3 23
E R0}

RXERE]

B> > 7 a b a vtk (ESREF) (2B 5 uFTIR, uXRE/uXRD 12 X 255405, /N —
I — VEBFOBEWIZ, SMAEEEE D, BT, R 7 oo E, SRR LR
hbA AW E U —HIFET LI LRSS NI kol INLOHRWE X, B %
BEC[E 25§ 2 720 OBEM 2, MoK ZEMTL2HMLEN (FL—X) &, BEHoHILOE
ELTHIENTWAEERZONE, LL, INSOMFELT TR, Mok, Biwig,
A, hEA vk, BARNRARWEOMEZFRE TSI L TERW/®, Getty Conservation
Institute (77 1 BAERFZER) L o EFB%EE LT, Az ua~x 757 EE5HE (GC/
MS) (2 X ZHRHiEE, 73 B WA LRED O 3HE DL, ELISA (Enzyme-Linked
Immunosorbent Assay @ FEFEHE & 0 ) EW 5 % 9 L7250 247 5 720 ELISA 3 ek
OEWHURIARIILZFIH L, MEICEINDED Y 87 B2l - ERTD7-DICHR T
BETHbH,

WREER AT % AT o 72 0 B0E 52 1, 7 3 BESITIX 29 05, ZHEEO SN, 2 B TF—5 %
8720 ELISA 2 X 2 BARISIIOWTIE, 25 ML 2 Mih SRR 215872 TOMR, wim
R L—REE, 5 V80 EHD D VIIRWEL R F o8, ML REE v Tniz e
EZOND KRNG5 Z EATEZ, wMIEEN 12 FoREmRE 2SI s 225, BL%
NCEB L P/SHZR L7720, ZVIdidbsrnidr Yl E2 o605, @Mz BEEHE L
72 2 HOARICHANZBEEN, SiHZ THAME L LTwa L w ) fifiafio, Thbid, N—
IX = VBT BB T B L ED B S ENTE D,

—J5, T I WA SN REMm R 2 M 51k, ELISA XY, & v 82 LT, Wi
RINEADHIE SNTe 7 IV ERRSRE 2 M LBEE B, ABEZ AR THE LTHVWTWwS D
DThbo MEBHETHANIBEWEIIS L, 25 OI3KBEEIC Vi -RENEE L2 5 2
LR TED,

[¥—7—F] Botk, HEWE GC/MS, ELISA#
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X LOIC

IN—= I — AL O RAE B BE L 2SO —BR T, BUEZ CIZMN Y s ato >
WeEHEiiEk (ESRF) 2B1F % SR-uFTIR, SR-uXRE/uXRD 2 & 5056, /N— 3 ¥ — Vi@
OREMIZIE, BHEZEEMEZRD, BTl Bk &8s B, SRBR R LA LH
¥y % e —BEDPEAET A T &S S A2 % o 72 [Cotte et al 2008; 2009; 2010; Taniguchi et al 2008; %~
i 2006; 2007; 4+ -2 2008b],

L2L, IhoHoTdcid, BRI 73 0 BEOFEE CRERTE L2500, o
MER, B, HE, A¥4 ey, BRNGZAEYEOMZFEES LI LB TE D, 7
Arzuax 757/ ERSIE (GC/MS) IZX 59 x1T-> 720 GC/MS # v, BRI, 73
W, WA LRED 2D SHEOGH 2479 & & IS, EELEEDBAEM OFEIFH S h
1% 72 ELISA (Enzyme-Linked Immunosorbent Assay : BEFEEA 0iEWk %) &% 6EH L CREM
WKEENLERWE OGN AT 5 72 [ XL v 7 2008a],

B, ARTHET AN, 2003 4~ 2007 4127 7 A= A8 IEHRLE & T L
WAREr, 48 RSB EZEi 2597 > 72 [8— 3 v — V #IRAF 3 3 | oA LN GREMm4:) 2005;
2006a, LMY (fii4) 2006b] D 9 B, & AZBEM O PRAFIEE DO FEM A THNME L 723 & € OWRIZED
WTWb, TNSD5HTE, Getty Conservation Institute (77 4 BAENFZERT) (BT fo72d
DOTHY, Yrrubu Bt EHCCERL AR (K [FR7I7 - N—=3I ¥ — 1L
REM OGN (1) SH) 2B FE 2, SOHICHBYEICESREZLYTLZIDTH S,

Q BEMD s

BEELZ BITHC G S5 7201213, O 2OBERPATRTH S, B TFE2EEHIROD S
HHEME L) AR TRRAEZED DD, ToEEHZ, CZCTEIBEM LRI LLET D, ¥
IS 57201218, HAHRERERENSD - T, B ERT 2 L PET2HEZHFOL 0
TRITNUT R B,

JEWRNZIE, BYTERE, REWTEST A (SRR, R B 90, A EA v, EfEms L, 3%
SFELMEDBEM L LTSN TYS QIR TTRRT D7 08— 3 Y — LBEEm O 5087 (1) Do
ZI Vo 2BAEMICIE, EHTRIGTREZDDZTTIIRL, KPICIoTLEOENIWED &
FNBETHA 9. BERLBEMICIE, WENRAEYRD 5720, HFMTHWEDORS % 5D Tid%R
<, R EBEMOWN T 2 GbEm oLy & LT, BOEEORE» 5% 2 5 0EN D 5,

PR 7 V7 OB OBEMICOVTIE, XY ITF VIR TV - TRTOGHBIRH Y, FEH
KDL (RAEERKREDORDPS/ONIBHE) 2, NTIVTRET IV TIAEET AW HKD
NIGHA Y ML, FTT =A% EPHRBENTWS &\ [Birshtein 1977; Kossolapov and Kalinina
20071,

N—=3IX — VEEH OBEMIZOWTOB/BEDOWIETIE, 7 v 7 ¥ AIHKALE L O F B O RE
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I H 20 O B PEIB % [Gettens 1938, 72, £ ¥ FELRIC X 2 WA, ko n s LB
PR DM T 2 M LT 5 [Lal 197010 3B SR L 72 BEW O 78 % EIEREZR 2 L I13ABITH %75,
WHRAL, TRALEBEOAEOREEICRE SN Tz EZ b5,

FTATIIZETIE, —EINICB VTS I 2, B OB DB % MRN8 L 72605
2w, BONTZZHERNZOMBERELTVLEOR, HILVEZORNERELZLDOTH S
DPWHS I TR Lo ZD720, % 5L % OATTH OBER % GBI 2 5347 & il dx 720

BEWI 2> 5 PRI L 7 ik kb, Btukg, Tk, HikoE, 7L —XFEIJXTEFAZDLOTH
B0 BAEMDANCYH, SFSELMHOARMEN T TN CVD PRI, TNEhORIEHK
~ET um ZEDERTH Y, BWIWICEEEEZMT LI ENTELRVD, WNEREZOF
¥ GC/MS THM %475 720

HEO—8%, RIREZFAETAREE, 7I/BERAETARETHN L, THRAEO—
R EZRE (WA L) ZRET Ak s LUEFICHH Lze TXTOGHICEL, ThzhH
EREEHE 2 IV 720 & 512, ELISA 312 HWC ¥ Y X7 B DIED 720 OB & 47\, HR 2 1%
WHBEONLENE I PIEZITo720 EBIT, BRALDPOAERMPHMH SNIzbDIZoVnTIE, ¥
yrurayiEHv/e uFTIR ©, APESIRA LBINE A2 720, BT EOWEELTT- 7,

@ HAZa2 777 Rk o7 AEWE O n

2—1 HAROOVKIST BEShEDFE

HArax 757 EAESHEE, BB E A AL CEA LGS A ZBEHE S5 T 4
ryua= b7 77T, ZROREGEOEE ERIEHINh TS,

BAT A EIED T2 ug T, SHGREGRAED S T 2% @M T LI, RSB I T AN
OREEME DB DL > THEET 5, VF>yyaryy M, —E&tTicBunTibamic
BAHOMEE 5720, HAZEENLRGORENTREE b, T2, ¥—F7ORE SIRGOR
WIS 7280, ERGMBUREL 25 —T, [MIRTENENDRG D5 EES T RER 7 T b % %
WS 20EBH 5,

2—2 HEREREITFRGE

2—2-—1 i, ZiH, BsiE0SHh
AR R

Bt ~%E ug DRE % Cahn vV I3 A4 7035 v ZATHE L, RQUOMNEgERANNAL 7 VITA
L, bz v & Alltech Associates f:# Meth Prep II (TMTFTH: m-(trifluoromethyl) phenyl-
trimethylammonium hydroxide, X% / —J)V 02M) OEAW (Cml: 1ml) #2Nz, 7B XV
A F WAL % 4T o 7z [Sutherland 2007],

NATIVE, Fv b7 L— b ET60CICTIRMRD 2%, RIGH L7z, TOR%, KEHE
al, REREE G 72,
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S S A

ML, Hewlett Packard 5972 A7 u~ b 75 7 JHBGHEE M L7z DB-5MS ¥ v
¥I1Y—%F2 (30m x 025mm X lum) 258A T 2L, N) 22 Fx )T —HREL (2
VAZ Y NT Ly Yy —1267psi)e

AEHEAIZ AT v PV AERZMH L, 78— VI 60 8, EATTREE 2 300C ISR E L7z, 72,
NI UAT 7 =4 VX 280C ISR L7z A —7 VimElL, 50C T 2 olfRFif%, 10C &
I2T320CETHML, €0 F F 20 pERFF L7 B OFEARITIE — M2 77 —12T 15y,
HESHENE, &4+ v ') v 7 (TIM) €= F& L7z 44+ AMLERETFA + Y HE (ED
HETA & VALEEIZ 70eV TH Do 1 ¥ —7 =2 4 AMBEIX230C & Lz EX ) VR, AN VR,
TV, TETA VR, BNV OB, IVRFUER SVIFUER, ATTIVVR, TIFY
YR, A VA VIROBEWME EBOTZODOMERIEBIHERL, ¥y V7L —vareitol #
#ri2ix ChemStation 2 FIH L 72,

2—2—-2 IVNIEDHH
NIk TE

LRSI O%, BRAELEREEZOEENAS TVNTERSE, 7I/BEZYMELTHA
rua< 777 EHESHIH L.

NA TN, HEE (6ON) & 100ul Mz, EBETAZ20HBHLTN—YL7z0s, HALK,
105C 12T 24 e, HWImICKE L7, w00z T 572, 60CICIRD D5, BRI AR
LX) N TV EESE - RS, RWT, NSRRI 30ul N2, B EEC 2T,
F 7qil & FERO TR E S/, =8 7 —v (995v/v%) TY Y AL, ¥ MLEITHHIZ,
SEAICNE Y 2 R & 72,

TUMEHOBERNZ, YV L—=Ya oy Ty, ) VL#HlL Pierce Chemical ##o
MTBSTFA + 1% TBDMCS (N-methyl-N- (tert-butyl-dimethylsilyl) -trifluoroacetamide+tert-butyl-
dimethylchlorosilane) DA ¥ & L 72[Simek et al 19941, ¥V MALH A IE MTBSTFA/
TBDMCS % 30%, ¥V Y 70%DRAHE 3ml Th b WEMWDBEHEZ N T VITINZ, N4
TVOHFEEZHR LIz Ay PTL—FET, N4 T7V%60C T30 75D, +—7YHNTI105CIC
THREME L7z, ZBmfalniil, REAR U E T A7ax 7T 7IFEALT,

e i

TBDMS i##EARDERSHT L, Hewlett Packard 5972 A 7 1~ 75 7/ HEHHHEE T -
726 DB-SMS ¥ ¥ ¥ 5 =% 5 A& L7 (30m X 025mm X lum)o F ¥ VU 7 —H AEANY
7 A, i 45ecm/sec (I AF b yu—) b L7z WMEHEAIRATY v ML A, EALRE
260C T/8—VHiMZ 60 & L7ce FI U A T 7 =54 VIEIF 280CICRRE LTz 4 — 7 VillE
13 105C T 1 4RI F#%, 20C /42T 320C THIML, 20 % F 35 MHRREL 2.

B — 212X ) RIS EAT 202 BT 272012, HEGHEIZ2) T ay ¥4 A T4
GURBED ORI 2 X 9S8 Lze BEOFEARIIA— MY 7T 12T 30ul, BESHET,
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L2774y KA yEZS ) 7 (SIM) E—F& L7

A+ AMEEREFA 4 2 HE (ED ETA F VMLEEEL 70eV TH D, 4 ¥ ¥ —7 2 4 AR
20CE L7 TI/M R 7V tu—VoORGWEERDODOMEBBIERHE LTHF Y
V7 L—3a VI L7z fENTICIE ChemStation & FIH L 72,

2—2—-3 ZHEROSH
ARt F B

A%, Mawhinney 5 (2% U 72 [Mawhinney et al 1980

Mt~BE ug 0RkB %2 Cahn vV b I~ 4 7035 ATHEL, RUOMER NS 7IVIZA
M, BACIRIEADY 20ppm (27 5 K D T U — ABWE MR 720 SR E NGRS 572012 b)) 7
VA O FERE (1.2 N) % 100ul Mz 720 WA TVICER T AZ 0B LTX=Y Lzob, HA LK,
INA TV 125C T 1 RIS 7205, FBHEISHHI L72e N Tz m OaEic it 7z0b, kiE
AL E GO 20ml N4 T VI L7z 50C F TlODODEZENT X2 H TN, TIVHNE ZEFE -
HofE 8872, GC/MS O K HWTNA 7TUVNEYY Y AL L, E512, ks /) —
VTY Y A LNEWZ TR L7z,

WNATNIZ, EYIERXY )= VICHERLZ0-AF Ve Faxd L7 I VHEERIERR
(2ml/1ml/300mg) % 200ul Iz, Fx2 L7z /N4 7% 70TI2T 20 /rilsd, HimE THHA
WHIL72o 0y TIRICARZETI0O0M® o DAEFESE, V) TV VITEAKFERZ MR 725 O
(Iml/3ml) % 400ul Mz, %24 LT 70T T 20 45 MR 72

NATNVERRETHRGHL, WEWD YTy TR 5 WIZEHBEEIEWIC % 5 FTREN X
EHWTHERES S/, 70uhRl A 400ul 22 CTHEM AL L7z, FHEMMboER Tl L %3
HARET 572012, B (10 N) 500ul TY ¥ AL, X524 4 Y38k 500ul THEY ¥ A L
7oo ER FEHWT EEAEEEEICDRE, 700k IER LK 2 i L7z,
200ul @7 T T ROV AL RENEIZ R D, AR S THRBEIEY & Lz, 20k, 50ul @
suuRiVAENZIz. TOBWREHF A7 7T TITHEAL,

o st

AT1E, Hewlett Packard 5972 A 7~ + 75 7 /w5 HrEE CT17 o 720 J&W Scientific 1t
BDB-WAX ¥ ¥V —AJ 2%l L7 (15m x 025mm X 0.25um)e F %) 7 —H AFAY
A, i 60cm/sec (I AF Y h7a—) kL7

AEHEAZ AT Y v P LA, HEAORE 240C T/8—= VR Z 60 & Lz TV AT 7 —
FIA IR 240C ISRk E L7z 4 — 7 ViEIE 106C T 1 4 MifkE#%, 30C . 42T 180T £ T,
5C /472 T240C £ CTHIR L, 2D % F 250 MIPRFE L 720 f#HT 1213 ChemStation % FIJJH L 7z [Schilling
200516
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@ ELISAiL % I 2= I E 0 75 bi

3—1 ELISAZDREIE

ELISA 13, MEEMAREWRADLL LIS ALF 0B THN SN0 HETH 5, 2D
HECEY, AEHICE TN PUE - PUROFRRREEZRINT 2 2 L 05TE 5,

ELISA RO B W PURPUR OGS 2 R L, BRI RO EZ IR L 5720,
BFEEFRY NI EPE—ABPIRELTWLHT, pptF—F—Th-oTHMEIZEINS
Dy v Ba kit - B8RS 5 720CH M%) Td 5 [Mazurek 2006] .

FaRAEHE, SHEO Y V8V ARFEEICEENLE60H 50T, EHETIE, WILEEDE
Dy R BBk a T =7y, ARGHEROAEX AL v, BRIk Y o7 B (A
HROIAT VT X v, BREHROFAE T~ JREE) v 5 VX2 8))), WWHKRO Y v 37 ]
(KW 77 5 DEHER) Lo izy 237 B OFREE QA D ST b [Heginbotham et al 2006;
Mazurek et al 20087,

PR, TAV AR FA Y 2RI, EEWE ORI O RBEM % A RYE O&H IREEATED T
BWHAEICZOFTEFIH SN HBFPHEML TV 5, &, T30 FE [ Mazurek et al 2008] %,
YT FRAHART Ly KO BMHOKBOR I I NAT ¥ v I (ajami) LT
N5 BB O 55T H S I RPN I 25 & 72 Z60 [Schultz et al 2009; Arslanoglu et al 20101 7 &
5

Lo Lanss, ik, ROk, ik, & SR SMo G ESe, Bz E8E
TNTHED, T2, BEOHMELZITITVELD, SHEIEFHICHEETHETH 5 2 LH% v,
512, PRREOMERHEHYBROM SO 5, SIICEBENLZHH LS v, LaL,
TFEIIMHFEOLREDNS, SHAEBLPEEEIREEHESINTETEHY [Schultz et al
20091, SHEOFMMHDILAY BPRF I N L FHEO—DOTH 5,

3—2 HFEEREDNFE

Al 7 SRR B & 0T TR DWW T, JeATFZE [Mazurek etal 20081 12#E U7z 22T,
YAy FEEEN S CEREOVUAROL (K1) 2R LFREE R L2

10 ~500ug DBAFHITY) 2= a v - Ny 77 =% T, HWOY VX7 BaxHEAT
BEMEEHR L7 ) a—3a >y - 2Ny 7 7—% IM® tris (hydroxymethyl) aminomethane
hydrochloride (tris-HCl) :5ml, 05M @ ethylenediaminetetraacetic acid (EDTA) : Iml, urea:180
g, sodium dodecyl sulphate 20% KA 125 ml (2 LT 500ml 127% 5 £ TA F a8k %2z,
NaOH Z HHWTC pH % T4 \ZHEL-d 02 FH L 72,

9, RINEWMET 2RO Y o878 (HUE) (23T 2GR % BN WE 2 ez b,
Mo7vayF v 7%249. MO7THy 2 7100&, BHAFLAINVI ZMEHT 2 LDBE0H,
SNTIRE S A v ERFEET DD D - 72720, UL LT Sea Block TM /Ny 7 7 — %
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R L7z I, BEACEEHAR & —RPUkE Mz, BOGLado7zhiids X O —kikxe~ 1 7
07— b2oEET 5, 512, ZRUEEIEH S, BE, /9% RUEE%RET 5.
L7z —PUE, ZRIURIZR LIWOR Lzl ) THh 5,

w12, J8t 3K p-nitrophenyl phosphate (pNPP) Z#EMIT 52 &2k b, BEEISOAEY
EREOMCE VBRI Lz. A4 27 a7 L — MptER E v T 405nm OBOLE 2l L7z, 1
WE D720 2 EOWPEZAT, BB QR EICE L T, W/574%030D405 UL oWt %
RLUZRRCO R, Btk & HE L7z,

PUARUSICE Y, 2R, Y, 99 F M, IVZAEL Y (73, 24 Fay, ¥F), 0if (=
JRNY, TR, HFaw), WK (=M, TRV, FFay), TIETHL - RIETLHE,
NSHH Y MHTRIZEEITNE Y X EPBHBRENSE (X2),

XK1 FEAU—REE, ZRGUE

— ALK ZRHUA
Collagen #AB6577 Rabbit IgG #AP123A
Collagen #AB19811 Goat lgG #AB6742
Fish Collagen #T89171R Rabbit IgG #AP132A
Casein #RCAS-10A Rabbit IgG #AP132A
Ovalbumin #AAB1225 Rabbit IgG #AP132A
Phosvitin #SC-46681 Mouse 1gG #AP124A
Plant gum #JIM13 Rat IgM KPL#05-16-03
Gum Tragacanth #MAC265 Rat IgG #AB6846
- _—A|OOOOOO00O0O0
B | OOOOO0O0O0O0O0O
i ~-c | OOO000O0CO0O00
il FO101010]0]0I010]0]e
sh Pl 2 R 01010]0]0]01010]0]e,
A T F|O0O00O0CO0O0
U~ - g w8 | QOGO )
"‘ﬂp Qb 2ERE T—H[OOOOOOOCOO| plate1
:m}ﬁﬁ ﬁ egg white /,// A OOOOOOOOOO
. . T B OOO0COOO00OC0O0O
. . —— ClO0OO0OO0O0oCO
g (s e
‘?‘ °7§(5E§|]) arabic/cherry gums E
R foioiscisicise
= ragacanthgum G
PR Y Y Y Y wmbmd RO OO CC | Peiez

Y RA y FEIC K DHFRIGIEE 2 ELISAETHWeY14 o070 — MEHXE,
HEIC EIC—HHBDT R hETo T,
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[/ Y- %ﬁﬁl

W= 3IX = VBON—-IXY -V AR, 7 —F—T 4 —ARE, I AR, 3)-VUx
T —VARBEOREM (5~ 9 i) 225 FNZNFE 2RI L 720 EIFO MO FEHIZ OV T
Wk (THhe7 D7 - =3I X — VLEEEE 058 (1)) 12X %,

RN, B O AR IR 2 BEM 2 S EERI,  F 72 A R A S L 72 BEM R 2 S FRELL
2D THbD, W - WRILOKLERT ORI IOV TIE, KMADREBEZIT-oTWH A IE
A FAVERRAEPLRMEZZT 20D THL (Fh, RAMAORAK L EGB, WALOFL
1 WGB L) o SNSRI, WRAADRISEIESETIC, KAWL R Ao hH» 5 EIi S i
7ebDThHbD, MR, BEEZHE L% MY L2 KECBAT 52 & TR VIR K Db
EEDHLTBY, ZOLIZ, BEBLEINTWLDEEZLNTWS, L2 L, 2001 E0kE
WI2E D, BOHESITHI VR E Lo T LEST2720, FN0b & d ERILDOKHOFHMTH >
7Dh, HDVIE, KMAEOEEMPSBRTHA R -72bDRoh, 21X, KMAORITLO KR
DEEBDWTINTH > O EMRTHENTE RV,

ZIT, INLOXRLEOLTHS ) LEZOLNLZAFHIOWTIE, HLFTSEERLTLL
EL, BEMOIHTOBER L7,

B, MAKMAOEEIZOWTIE, A IFR - FAVEHREI 2 AV IRKRY (F4Y), ¥
PRFE (450 7T) BEERBEMOGH 217> Twb,

RN, FEABIRBEMEE T C, MY L2552 TR E» OB E M= 27 V8L —
varvl, T, ¥, FL—Xlvo2BEBOBE L TOmREE L,

@ f%ﬂﬁﬁ%

HE S oRNiEEeT IV BOERMIE, K2 EERIITRT WGBS 21T 72 m8id 52 1
(B0 & W - HRALE ), 7 3 /RSN 29 5 (24 W &L WARALKAL) Thoize LD HHT
1, AR R TR o 72720, 2RBN O F— 5 2B 720ATH -7 (Bld) # HEEFS:
BMMO063]: 7 V7 b—R, ZVa—R, TITE—Z, FKIL [BHEF S BMMIIL]:Fa—2),

ELISA 12 X 2 BaURICDWTIE, 25 m (22 ) 0T L 2 h iR 272, T Zhokk
FIZOWTIEFR A ITR L7,

AREWEICBELT, G2 oBonfREREMICELEDL—HEELS ITRT,

COREELIIHIZY, LTOWMELIEIIL,

WRWGER AT DB, MRt R e L2IRIIRIZ, ¥ A VB, AXRY Vg, 5o Vg TEIA
VW, RNTURE, IVAF UM, SVIF UM, ATTVVEE, TIXFVUEE ALA VETH
0, 9, B, BIESOREZHNE LD THL, £2T, BHRTHHEMIAINVE Y BTH S
TEITA VBIEENE MBI N 0IConT, MOWREESH Y, SS5ICA/PHE (TESA
YOV F VBRI PEVEE R L T BRI, BILOEAZERSE IR TV A EE R T
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[PR7I7-N—=ZV—LBEE DD (2)]

®2 BREE Gl - i8S - 9 FAEDHOSH (Methorep 1) OBR—E (25— smm)
Ef
Sample Cave Description g 5 § 'é - ':U% 5178 S é e °
SHEIEIHEAN I AR IR «

BMM 063 B(d) red and ground 76| 15| 6.97 | 25.7|0.0(|1232|10.7| 1.2| 524 | 170 |00 | 0.0 (3.1 |24 | 47
BMM 091 C(a) unusual light blue 20| 20 © 00 (00| 0O [OO|0O0O| O3 | 04 |0O0| 00 |08|00]| O.1
BMM 209 C(b) green, white ground 219, 20| O 00 (00| 0O [O0O|0O0O| 69 | 53 |00| 23 |1.3|00]| 0.1
BMM 099 D red, white ground 41| 20| O 00 |00| 0O |OO|04| 34 | 45 |00| 05 |08|00| 04
BMM 067 Ell vellow, white ground 198| 20| O 0.0 |OO| OB |00 |00 | 43 37 |00| 27 |1.1|0.1 ] 0.1
BMM 108 E(c) ground and soot deposit 191| 20/ 042 | 05 |00| 0.7 |02|05| 28 18 |0.1] 04 | 15|02 0.1
BMM 101 E(e) darkened surface, later soot? 248| 15/ 223 | 24 |00| 49 |13|29|160| 93 |1.0| 00 |16|03| 02
BMM 083-1 F(c) translucent yellow glaze and render 556/ 15/ O 1.0 |00| 44 |03|28| 68 | 20 |[00| 1.3 |34|06| 0.1
BMM 083-2 F(c) black darkened layer, yellow glaze, white ground 81| 15496 |17.1|00|747|6.0|16|305|11.2|04| 00 |27 |24 | 2.7
BMM 045 G yellow, white ground 84| 20| O 0.0 |0O| 0.1 |OO|0O| 1.0 06 |[0O| 0O |16|0.1| 00
BMM 212 H(a) vellow, white ground 309| 20/ 0.18 | 0.1 |00O| 03 |0O|02| 14 | 09 |0O| 0O |1.6|02| 0.0
BMM 211-2 H(b) red and white ground 416/ 20| O 00 (00| 05 |[0O|00O| 22 | 1.2 |0O| 00O |19|02| 00
BMM 009 | red, white ground 53| 20| O 0.1 (00| 02 [0O|00O| 05 | 03 |0O| OO |16|04| 00
BMM 073 | blue, black, white ground 408/ 20| O 03 |00| 05 |00|09| 62 | 38 |0.1| 03 |16|0.1] 0.1
BMM 128 J(b) blue/black, white ground 218/ 20/ 034 | 05 |00| 12 |02| 10| 46 32 |00| 00 |15|03| 0.1
BMM 112 J(c) green on white ground 117 20/ 274 | 39 |09| 88 | 16|48 |209|156|04| 02 |1.3|04| 1.0
BMM 113 J(c) green on white ground 276| 20| 1.783 | 3.1 |15| 85 |1.1(69|290|194|06| 06 |15|/03| 05
BMM 120 J(d) blue, pink ground 183] 20| O 03 (00| 06 [0O|05| 41 | 33 |00| 03 |1.2|0.1| 0.1
BMM 169 J(f) red, render 131 20| O 00 |00| 02 |0O|0O| 15 | 089 |00| 00 |1.7]0.1| 00O
BMM 080 K flesh colour, white ground 1154 20| 0.81 03 |05| 06 |02|27|140| 75 |03]| 0.7 [19| 00| 0.0
BMM 134 K brown deposit, red, white ground 451| 20| 1.12 16 |03| 26 |03|08| 54 37 |21 03 [15|05]| 0.1
BMM 135 K brown deposit on chaff 156/ 20/ 0.34 | 770|00| 1.7 |02|0.7|165|414|15| 03 |04 |0.1| 1.8
BMM 203 L green, white ground, yellow size 37| 20/ 194 | 56 |00|256.1|{18|05|11.3| 39 |0.1 02 |29 |22| 27
BMM 053 M darkened surface, later soot? 146| 15| O 1.7 |[00| 42 |07|09]| 78 53 |03| 00 |15|05| 0.2
BMM 054 M red, white ground 223| 20| 522 | 10.7|0.7|323|47|40|252|133|10| 01 [19|1.3]| 09
BMM 035 N(a) resin, green, black oils, white ground, yellow size 54| 15/ 6.32 |20.3|00|91.0|53|19|514|16.7|05| 89 [3.1|1.8| 56
BMM 040 N(a) red/oily red, white ground 104| 15/ 652 |236|0.0|1232/88|1.7|51.8|155|04| 15 (33|24 | 34
BMM 183 N(a) deep red glaze on orange 17| 15/ O 14 |00O| 45 |0O|02| 20 | 0.7 |00| 00 |27|22| 08
BMM 184-1 N(a) vellow resin on tin leaf 20| 15/ O 09 |10| 22 |03|00| OB | 04 |O0O| OO (15|34 | 04
BMM 184-2 N(a) tin leaf and white ground 20| 151024 | 0.7 |0O| 30 |03 |00 | 19 10 |[00| OO |20|16| 05
BMM 163 S(a) grey/green, white ground, size 1438| 20(26.07| 90.9 | 2.3 |349.2|31.2|10.7|230.4|93.2 |28 | 0.0 (25| 15| 1.2
BMM 157-2 SRR blue and render 953/ 20| O 00 (00| 1.3 [0O|00O| 24 | 12 |00| 00 |1.9|06| 0.0
BMM 189 EGB blue in white, white ground 2412| 20,038 | 02 |0.0| 05 |0.1|0.7| 43 | 256 (02| 1.6 [1.7|0.1 | 0.0
BMM 190 EGB red, white ground, render 1162| 20| O 00 (00| 02 ([0O|00O| 1.7 | 12 |0O| 08 |14|0.1| 00
BMM 191 EGB blue in white, white ground 155/ 20/ 005 | 03 |0.0| 05 |00|1.0| 70 | 41 (02| 0.0 [1.7]|0.1 | 0.2
BMM 199 WGB red 841 20/ O 02 (00| 05 |[0O|0O0O| 28 | 38 |0.0| 0.0 |0.7|0.2|0.017
BMM 201 WGB deep red 401| 20| O 00 (00| 07 ([0O|00O| 33 | 44 |0.0| 00 |0.7|0.2|0.041
FDM 059 Fol 2 red and white ground 26| 15/ 142 | 50 |0.0|210|16|00| 81 | 26 00| 0.0 (3.1 |26 | 23
FDM 043-1 Fol 3 yellow translucent size 14| 20| 0.31 1.1 |00| 38 |02|02| 21 1.1 |0O| 00 |19|18]| 1.3
FDM 043-2 Fol 3 white, white ground, size 263| 20/13.53|406 |05 (161.6|122| 1.2 478|174 (04 |230 |27 |34 | 24
FDM 014 Fol 4 selmon pink, yellow, white ground, size 330| 20/10.63|32.0|0.0|153.0/10.0{06|30.2|13.1|04| 02 [23]|5.1 1.5
FDM 055-1 Fol 4 green, white tround, size, sandy render 1096| 20|21.83|86.7 | 2.3 |[399.4(23.6| 7.8 2176|767 (19| 189 |28| 18| 1.6
FDM 055-2 Fol 4 reddish sandy upper render 3533| 20| O 00 (04| 03 |[00O|07| 28 | 1.1 |00 04 |25|0.1| 0.0
FDM 023 Fol 4B white, orange, white ground, size 330 20|24.51|66.7 | 3.2 |244.8|20.0/10.9/1635|56.7 |14 | 06 |27 |16 | 35
FDM 003 Fol 5 red, white ground, size 147| 20/ 0.07 | 0.3 |0.O| 0.7 |0.1 |03 | 25 1.5 |00| 0O |16|03| 0.1
FDM 026 Fol 6 black(grn), white ground, white size 80| 20| 22 | 62 |0.0|221|18|00| 60 | 23 [0.1| 0.0 (26|37 | 1.0
FDM 060 Fol 6 brown green, red, white ground, size 4086| 20| 10.3 | 26.4 |0.0|1009| 72|10 | 264|142 |0.7| 00 [1.9|38| 0.9
FDM 062 Fol tomb 4 blue, white ground 125/ 20, 00 | 02 |0.1| 03 |0.1]03| 35 | 43 |00| 00 |08|0.1| O.1
KAK 03 Kak 43 red, black organic, white ground 54| 15/ 56.17 | 169 |0.0|70.1 |[65|16|409|128|0.0| 00 |[32|1.7| 43
KAK 10 Kak 44 white and ground 427| 20|19.06| 75.2 | 0.0 |348.9|25.4| 5.3 |223.3|81.2 |20| 6.1 [27| 16| 3.7
QJM 06 QJ gold leaf and mordant 20| 20| 503 | 157|0.0|734|55|1.0|184| 65 (00| 0.0 (28|40 | 125
QJM 07 QJ brownish colour, whole paint layer 176/ 15/ 376 | 133|00|625|54|00|21.3| 83 |00| 00 [(26|29]| 10
Reference Oils
plane tree gum modern ref, Bamiyan 2006 038 | 09 |00O| 20 |02| 04| 38 15 |1.7| 1.3 |[25| 056
almond oil fuwler (film) M. Schilling 1989 053 | 35 |00|159|0.7|00| 46 42 |04| 15 |1.1|34
linseed oil refined windsor newton M. Schilling 1989 493 | 35,5 | 0.0 |365.2/14.5| 0.6 |165.0/134.7|34 | 25.1 | 1.2 |22
poppyseed oil grumbacher M. Schilling 1989 7.02 | 70.2 | 0.0 |655.7|20.9| 0.6 |365.7|116.6/ 44| 187 | 3.1 | 1.8
poppyseed oil cold pressed grumbacher |M. Schilling 1989 6.77 | 722 | 0.0 |591.3|19.6| 0.8 |414.0|{117.8/ 4.1 |107.0{ 35| 1.4
Poppy oil sunbleached M. Schilling 1989 505 | 46.2 | 0.0 |414.7|12.4| 0.4 |328.6| 74.1 |3.1| 52 |44 |13
lsesame oil arrowhead mills M. Schilling 1989 1.11 75 |00|565|1.9|03|1054|895 |66 (2279 1.2| 05
soy oil sprectrum naturals M. Schilling 1989 344 | 260|00[201.2[9.7 | 06 [2528[116.3| 7.1 | 21.7 [22| 08
sunflower cold pressed schminke M. Schilling 1989 0.4 29 |00|212|1.1|00| 63 |122|0.7| 24 |05|34
tung oil China M. Schilling 1989 022 | 27 |00|31.8 |04 |0.8(102.0(109.9| 6.1 |325.0/0.9 | 0.3
\walnut spectrum M. Schilling 1989 5.37 | 40.2 | 0.0|3635|11.6/04 (1175|373 |16 | 25 [3.1|3.1
walnut oil rougie M. Schilling 1989 454 | 354 |0.0339.9(124| 0.5 |324.5(142.3|4.1 | 125 |23 | 1.0
sufflower M. Schilling 1989 4.81 | 38.0 0.0 |286.2(12.0| 0.8 |{147.8(1126|125/ 16.3 | 1.3| 1.9
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BMM 063 B(d) red and ground 76 30 | 13.2 5.3 20.7 3.8 2.8 7.4 36.1 15.0 14.3 |isinglass 0.976, collagen 0.971 glue fuctose, glucose, arabinose (honey?)
BMM 091 C(a) unusual light blue 20 | 30 | 14 0.0 no amino acid
BMM 099 D red, white ground 41 30 1.7 14 10.7 8.7 5.7 15.6 27.7 14.9 7.6 |gum arabic 0.913
BMM 067 Elll yellow, white ground 30 0.6 0.2 13.0 10.8 8.0 15.7 28.6 17.5 6.5 no match
BMM 083-2 F(c) black darkened layer, yellow glaze, white ground 81 30 | 83 1.0 16.9 13.8 8.3 15.8 19.4 11.8 13.2 |cherry gum 0.901
BMM 045 G yellow, white ground 84 30 1.2 1.0 13.8 20.7 9.3 19.4 8.0 25.7 19.7 no match
BMM 212 H(a) yellow, white ground 309 | 30 0.2 0.1 15.8 10.2 8.2 17.0 33.3 12.2 3.3 [gum arabic 0.924
BMM 211-2 H(b) red and white ground 416 | 30 0.2 04 18.2 16.0 10.6 18.8 19.6 15.9 1.0 no match
BMM 009 | red, white ground 53 | 30 | 19 0.0 no amino acid
BMM 128 J(b) blue/black, white ground 218 | 30 0.8 22 20.1 13.7 75 17.7 25.8 13.3 9.5 [cherry gum 0.970
BMM 120 J(d) blue, pink ground 183 | 30 0.6 0.7 19.0 14.1 8.7 20.1 17.0 19.9 12.3 no match
BMM 169 J(f) red, render 131 | 30 1.0 1.1 1.3 18.1 8.0 26.8 9.3 23.7 5.3 |[casein 0.901
BMM 134 K brown deposit, red, white ground 451 | 30 0.3 1.3 26.7 8.2 6.0 11.4 35.4 10.9 1.4 [cherry gum 0.959 hydrocarbons
BMM 135 K brown deposit on chaff 156 | 30 2.3 4.8 28.8 10.8 7.5 14.6 30.8 7.5 0.0 [cherry gum 0.906 cholesterol etc
BMM 203 L green, whiet ground, yellow size 37 30 | 24.8 3.5 15.2 10.2 7.1 16.2 32.1 8.4 10.6 |cherry gum 0.911
BMM 053 M darkened surface, later soot? 146 | 30 1.0 0.7 16.7 23.4 11.5 22.4 12.1 12.0 5.1 yolk 0.882 egg white 0.859
BMM 054 M red, white ground 223 | 30 24 2.0 19.5 16.6 1.7 23.4 19.8 8.9 0.0 |yolk 0.961 egg white 0.946 egg yolk
BMM 035 N(a) resin, green, black oils, white ground, yellow size 54 30 8.4 1.3 19.3 16.3 9.9 17.6 20.1 16.8 0.0 |egg white 0.878 yolk 0.858
BMM 183 N(a) deep red glaze on orange 17 [ 30 | 65 0.0 no amino acid
BMM 191 EGB blue in white, white ground 155 | 30 1.3 3.2 14.0 14.8 10.9 24.2 19.0 17.0 0.0 |yolk 0.860 xylose
FDM 059 Fol 2 red and white ground 26 30 9.6 0.0 no amino acid
FDM 043-1 Fol 3 yellow translucent size 14 | 30 | 18.0 14.7 15.2 10.2 8.1 16.8 23.7 15.3 10.7 |gum arabic 0.965, cherry gum 0.934
FDM 043-2 Fol 3 white, white ground, size 263 | 30 6.1 2.6 19.3 10.2 8.3 15.4 25.0 12.0 9.8 [cherry gum 0.997, gum arabic 0.956
FDM 014 Fol 4 selmon pink, yellow, white ground, size 330 | 30 8.9 1.9 20.0 8.5 6.8 13.8 33.9 8.2 8.8 |cherry gum 0.962
FDM 003 Fol 5 red, white ground, size 147 | 30 1.7 1.6 21.9 13.5 10.6 20.4 20.6 11.0 2.0 |yolk 0.947 egg yolk
FDM 060 Fol 6 brown green, red, white ground, size 406 | 30 1.5 04 21.8 4.4 23 5.5 43.0 12.0 11.0 no match
KAK 03 Kak 43 red, black organic, white ground 54 30 9.7 0.3 19.2 5.4 4.4 8.3 41.3 8.9 12.6 |isinglass 0.976, collagen 0.961 glue
KAK 10 Kak 44 white and ground 427 | 30 6.4 2.2 25.1 14.8 10.2 18.4 19.8 11.7 0.0 |yolk 0.975, egg white 0.915 egg yolk
QJM 07 QJ brownish colour, whole paint layer 176 | 30 6.6 1.3 16.4 6.8 5.6 13.0 26.3 13.3 18.6 no match
Proteins
isinglass (Zecchi) 18.1 3.4 22 41 46.9 15.0 10.3 BMM:/A—3¥—2  FDM: 74 —5—T4— KAK: #9355, QIM: a1 - Dr5—)L
collagen & gelatine (mean) 15.7 3.0 1.8 3.7 46.7 16.7 124
egg white (mean) 22.0 18.3 12.8 216 14.8 10.5 0.0
whole egg (mean) 22.0 17.4 13.2 22.0 14.5 10.9 0.0
egg yolk (mean) 209 | 166 | 133 | 232 | 14.1 11.9 0.0
casein (mean) 10.9 16.9 12.8 22.0 8.6 28.8 0.0
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BMM 059 A green brown? slightly yellow n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d
BMM 063 B(d) red and ground 0.194| 0.166| 0.097| 0.102| 0.201| 0.129| failed| failed| 0.019| 0.186| 0.257| 0.204| 0.092| 0.089| 0.088| 0.087
BMM 091 C(a) unusual light blue nd n.d n.d nd n.d n.d n.d nd n.d n.d nd n.d n.d nd nd n.d
BMM 209 C(b) green, white ground nd n.d n.d nd nd n.d n.d nd n.d n.d nd n.d n.d nd nd n.d
BMM 101 E(e) darkened surface, later soot? n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d
BMM 083-1 F(c) translucent yellow glaze and render n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d
BMM 045 G yellow, white ground 0.142| 0.136| 0.086| 0.074| 0.091| 0.088| failed| failed| 0.137| 0.121| 0.075| 0.072| 0.074| 0.069| 0.078| 0.077
BMM 212 H(a) yellow, white ground n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d
BMM 009 | red, white ground 0.137 | 0.146 | 0.080 | 0.081 | 0.089 | 0.100 | failed| failed| 0.127 | 0.120 | 0.074 | 0.074 | 0.070 | 0.071 | 0.076 | 0.073
BMM 112 J(e) green on white ground 0.209 | 0.149 | 0.085| 0.092 | 0.208 | 0.258 | failed| failed| 0.158 | 0.161 | 0.400 | 0.329 | 0.084 | 0.085 | 0.099 | 0.082 |egg yolk
BMM 080 K flesh colour, white ground nd n.d n.d nd nd n.d n.d nd n.d n.d nd n.d n.d n.d nd n.d
BMM 053 M darkened surface, later soot? nd n.d nd nd n.d nd n.d n.d n.d nd nd n.d nd nd n.d n.d
BMM 053-2 M darkened surface, later soot? 0.139 | 0.125| 0.084 | 0.089 | 0.096 | 0.099 | failed| failed| 0.184 | 0.170 | 0.082 | 0.075| 0.077 | 0.075| 0.079 | 0.087
BMM 035 N(a) resin, green, black oils, white ground, yellow size 0.134 | 0.124 | 0.085| 0.076 | 0.117 | 0.091 | failed| failed| 0.141| 0.158 | 0.071 | 0.075| 0.071 | 0.075| 0.081 | 0.078
BMM 040 N(a) red/oily red, white ground 0.145 | 0.155 | 0.102 | 0.098 | 0.096 | 0.090 | failed| failed| 0.753 | 1.037 | 0.117 | 0.560 | 0.084 | 0.072 | 0.075 | 0.078 |egg white
BMM 157-2 =R blue and render nd n.d n.d n.d nd n.d n.d n.d n.d n.d nd n.d n.d nd n.d n.d
BMM 201 WGB deep red n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d
FDM 043-1 Fol 3 yellow translucent size nd n.d nd nd nd n.d nd nd| 0.140| 0.140| 0.078 | 0.088 | 0.099 | 0.073 | 0.081 | 0.113
FDM 055-1 Fol 4 green, white tround, size, sandy render nd n.d n.d nd nd n.d nd nd| 0.134| 0.131| 0.101 | 0.126 | 0.085 | 0.082 | 0.082 | 0.083
FDM 055-2 Fol 4 reddish sandy upper render nd n.d n.d nd nd n.d nd nd| 0.147| 0.140| 0.203 | 0.291 | 0.074 | 0.129 | 0.101 | 0.096
FDM 003 Fol 5 red, white ground, size nd n.d n.d nd nd n.d nd nd| 0.122| 0.126| 0.083 | 0.113 | 0.080 | 0.069 | 0.091 | 0.083
FDM 060 Fol 6 brown green, red, white ground, size nd n.d n.d nd nd n.d nd nd| 0.174| 0.218| 0.117 | 0.137 | 0.086 | 0.080 | 0.094 | 0.099
KAK 01 Kak 43 ochre red 0.174 | 0.175| 0.090 | 0.081 | 0.205| 0.131| failed| failed| 0.159 | 0.158 | 0.212 | 0.204 | 0.079 | 0.084 | 0.081 | 0.084
KAK 03 Kak 43 red, black organic, white ground 0.142 | 0.123 | 0.086 | 0.081 | 0.099 | 0.090 | failed| failed| 0.136 | 0.113 | 0.072 | 0.070 | 0.072 | 0.072 | 0.072 | 0.077
QJM 07 QJ brownish colour, whole paint layer nd n.d n.d n.d n.d n.d n.d n.d n.d n.d nd n.d n.d n.d n.d n.d

BMM:/A\—3¥—> FDM: 74 —35—T 14—, KAK: 1955, QIM: 3 - Sr5—)L
WGB: B K{A
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BMM 063 B(d) red and ground [ ] @ glue [ ] X ] O ] © [ J
BMM 067 E I yellow, white ground X [ ] - - (@] O [ ]
3BMM 083-1 F(c) translucent yellow glaze and render X - - X O (@) [ ]
BMM 083-2 F(c) black darkened layer, yellow glaze, white ground [ ] [} - - © (@] (@] O [ ]
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 O O [ ]
BMM 184-2  N(a) tin leaf and white ground (] - - - o O o O °
BMM 163 S(a) grey/green, white ground, size [ ] - - - © O (o] O [ J
FDM 059 Fol 2 red and white ground (] x - - © (0] (¢] o
3FDM 043-1 Fol 3 yellow translucent size [ ] o - X O O (@] O [ ]
FDM 043-2  Fol 3 white, white ground, size (] [ ] - - © O o O Ld
FDM 014 Fol 4 selmon pink, yellow, white ground, size [ J [ J - - ] O [e] O [ J
FDM 055-1 Fol 4 green, white ground, size, sandy render [ ) - - X © ©mastic? © © HFR| @
XFDM 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 [ ] [ J - X ] O (o] O [ J
KAK 03 Kak 43 red, black organic, white ground ([ ] ® clue - X © (@] O © [ ]
KAK 10 Kak 44 white and ground [ ] @ecgg yolk - - © O (o] © [ J
HKQJIM 06 QJ gold leaf and mordant [ ] - - - © (@] (@] O [ ]
QJM 07 QJ brownish colour, whole paint layer [ ] [ J - 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 [ ] - - O (@]
XBMM 108 E(c) ground and soot deposit X - - - @] O
BMM 101 E(e) darkened surface, later soot? X - - X (@] (o] [ J
BMM 045 G yellow, white ground X [ ] - X O O [ ]
BMM 212 H(a) yellow, white ground X [ ] - X (@] (@] [ ]
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 Jb) blue/black, white ground x [ ] - - o O o
BMM 112 J(e) green on white ground X - - egg yolk O © [ ]
BMM 113 J(e) green on white ground X - - - (@] (@] [ ]
BMM 120 J(d) blue, pink ground X [ ] - - (o] O
BMM 169 J(6) red, render X [ ] - - o ©)
BMM 080 K3 flesh colour, white ground X - - b3 (@] (@] [ J
BMM 134 K3 brown deposit, red, white ground X [ ] - - (@] (e} [ ]
BMM 054 M red, white ground ®  @cgsyok - - (@] O (o] [©] [ J
BMM 157-2 HAER%  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 @egg yolk - X (@] ©
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 [ ] [ J - ] O [ J
BMM 199 WGB red x - - - o O
BMM 201 WGB deep red X - - b3 (@] O
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A VEEIEREIX 123 2ppm /R L CWh, /2, A/PIE (TEIA VB 7SV FVIEL) 2324 %
RLTWA72D, ZORFHIIE, BILOEAZEEMAEINTVwL LEZOND,

BEH L, BAREAMES W72 7 A IS EOBEW A S N /ziz A%, Bik 1,000 £ DL ICH
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P e W Ghoky 9 —HBm)
3 B(d)EEEFREEES [BMMO63] OhA, EAEMEER

ek 7 —[BIR)

4 B(d)EEEFREH5% [BMMO63lDoyOxXEIvaYy
HHE G TIZB T B WICHEMSTG (7). MHE ORIMEHEOLE ()

LHEWHIR, FEALEVIBRREIIBIN TV D, BILHEAZZLZRL TS EEDNR
5o

UM OME A FET 5720121, MOEBROBREICEDL ST —E0MlERT P/SHH (V5
RFVBRSATT ) VIRIL) BHEMTH B EHHSH T S [Mill and White 1994; Ferreira et al
2005] 6

Z OWF BMMO063 Tld, P/STHABLZ3DMlEZRLTEDY, —J, MWoOREWLREZEMHMTIE,
Wil (linseed oil), #E¥f (sesame oil), 7—E > Fifl (almond oil), #iyl (tung oil) & P/S
A2 H 2V 1T TH 5o BUET IR ERSE TR S T 2 Wi R O 2PN B> T
B AL, T THM S NN, P/S A 3% R 9, [ 7V 33l (walnut oil) | &2 id [
Y'—ih (poppy seed oil) | & OFBHEATE N EANEH SN D (K 2),

L2L, #ohgmiiz ik s 57201 L7220 7 7 L v Z25, HRodgey 7 ik ¢ A
FITHILNTELTHL)MOHHETRXTHHEL TRV EEZLNL2D, ZOLKR»S,
MEFNIM ORI & 72 HAHFE £ CTREST 5 Z L3 L v,
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6 B(d) EEREOIREERS DL BMMOB3] 07 = /EESHO GC/MS 0% hJS A

GCIMS &\ /=% ¥ 82 B D51

wiz, FURE RS - BMM063] %, % v X2 HOMKREWLNIT H7200T I/
OB L7 o227 u~ b7 74852612, 73/ BOEREE#E3ITRT,
KRB LBONTT—r L, KHD) 7 7L Y ADWE R 1To 770 FEIZX VBILRHILL
WS WEERTHEOTI VB (7=, NJ¥, Avafry, afyr, 7Yy v, 7u
Yy, evaxyrun) y) B VRECBRELET—5E, ZREFROL 77 L Y AN
b7 I MR E OMBREEZ R L7 (£6), SREH L, ¥ Y7 BREOFESL X

95



EIIEERATEYERRRES
F£177% 2012118

OO, BB, AEAL v RELT T LY AEDTF—5 DM
BRBOFIETIHIIOVWTIE, YU YT 512k -ThE
MM R SN Tw5DH b D% FIA L 72 [Schilling and
Khanjian 19961,

ZOFRER NI A DT EBD S1ESLB] (isinglass),
ATk, BALPOEWHKORE L OHIE A
L, ARBHCETR VAT I VI, BHKkOD
DTH LR EHVERROTLIENTE D, L
NL%A5, GC/MS DGHHERNHZTTIE, 20
B2, Mgy, B, THFHRrL Vo722 EIEH
LPCTHIENTER Y, T2V TIE, ko
PG % v CEy A o 7] € % W REIC § % ELISA %
I TRERZ AT o 72285, FEBMICHEZ [FE L9 2B
B & e b o 72,

PDExFlon L, 22T B(d) ®HokEils
ZRRIZ, BT B GC/MS ORFFORTLEL & 547 51
&Y, ERENEL L 68WEE L7z,

T, BEMOBRSE LT, BOPhIZRIE?RZ <
EENTVD I LEMRL, SHIE0EMMDS, 7
VIR AR —HOIRIROMEICHEUL7-b D TH 5
CEEHLMPICTAHILENTEL, 2F ), 2O B()
FOBEEIZIE, Hizhd, WHEO XD LEks
SNTW/ I EZBEiET 522 e TE

2, MO EOTHRYEO LI ShzvwbYw 5
HiL (A4 V0 7) 1200w THh 2055 FET 5
CEDWRRE B ol BIMHOREE TIZIEES L
Polzboo, BEMCHCHIEDE LTEA SN
E¥A, BHko s 87 BTHHrI LIZONTH
MRTHZENTE,

6—2 ZOMDDIHIEROER

Z 2T, AT 72 DR D NSRRI O W
TREMBREZEG Tz, i (HRT7 V7N —
IV - VAAEEEE oA (D)) ot e, SRof
W E BT 20 bR bz ReE, K712
BEMICE L7z, TORE, K& 3o0Mi%EH
52 ENTE %o
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A [BMMOB3] 8&UL T 7 LY ADT I/ 7 EEEL & F— 5B OERERER

&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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92U, (A) ABOPIENIBE &L —HIFET 52 L ThHD, KIZ, (B) FaliEEL 4 <
YN BBHDCIEHEHEZEZ ONLABRY I EINT VLWL D 5 WA ETHI LT
Hbo wirIZ, (C) UL, 73I /7EBOIMHBINLVWEOTHS,

(A) &, 7TEIA VBBRENE L, A/PHLECVZD, BILOMA G TH % 0 e
WEHIWI L7z SRS OEMEMOMEZ [ET 5720121, MOZEOREICEDL S F—EDE%
R P/SHE OSVFIVER/AT T YRI) BARMTH ST EAHIS N TS [Mills etal 1994],
INOLORFHIIETNDG P/SHEEBBLARA3IEZRLTEY (£2), REWLY 77 VLV AT~
yERBETHE, 703 31 HHWIET I (31) IEWEEZRLTWA,

W7 V7 THWSNZ-WREMED D HEE (sesame oil) Ayl (tung oil), JWFEDERN % B
#MTH LI (linseed oil) & P/SHEABLZF 1 TH D70 (FEgH 1.2, Wi 0.9, MR 1.2),
S OGHEE E—F L e HOMEIZ, L LAFRT VT7HEBTEFELTVWEZ VIR YO
WZENDDTHLLEEZ NS,

BoNlzT =500, BEBOMEDIZ VI b r lrZ2 KT 52 2%, P/SHEZ KT 5
BAEDO THETIINEETD %,

O (A) O—FIZETNLBEMBEL, N—3IY—VB(WH, FlOM, L, N@7%, S)f,
TH—5—=F14—2, 3, 4 4B), 6%, #2527 43, 4%, 3V - V¥ IF—VARD12HTH 5,
BAREZLIC, 2O BOAMBIZTNTHAZ THE T2 L) lnz o,

INSOFLEDE, N—=3IX—VIIB)2MBHRECTHANBEmEE L LTV,

wRo (B) &, BESRL, 782 8d 5L EEIGE TN TV L REODH 5 —
HThsb, EHHIIEL, KEEOWETHY, T4bb, 773 LIKBEETH»N:
—HEVWZ b,

CZICEENBEEEAEE, N— IV — DR, WIIH, GH, H@HE, HOFE JbhHE J
M, JE, J(O®, K3/, ME, 7+—9—74 =5/, HXAKAEOHELTH S,

ZD95hH, ELISAHEIZE 5T, JOMPHIAD, 7+ —F7—74 —5R»oIEIHIL I
Twb (K)o ZNENFBEMTH D00, BOREISHSWIIHCONTHERWETH LD
PAWHTH 5,

GC/MS # MW B AR Al BRRES  BMM191] OZRHESH TIE, 30— A&
NTWBY, EORWEN LICHELZZBEETH L0, AETAHZLIETERNoT20 BRAIZ,
EHKE (L 57)7) ICLBHMICE-T, 4 2ER - A YV EASRBEOEKLOTKIEHOF MR
BB, INZREDHEXA UHPHILE N7z & s 2 L Tw 5 3 [Bonaduce et al. 20091, 40l 5E
fi L7200 A 6, HEA YO EMNTE LI BT I VRIZOVTIEMIE SN R o7,

KALBNVEE M, W ORLELRIRETH I 38 A — v (HKAL), 55 A— v (FKIL) v
IERBKILOERMMICHAT S L1E, ARMNTHAVERZH 2L LidRrs720, Atk
YEEDRIFEIRD LNIZTHH )0 TD, RELRMELR EEZHVTULVEREE L7212, K
BYEDOBAEM L B 2 BRI ORI SN2 B2 b0 Lk v,

W THRALOR A, EAAEHBHOAT 2 T & 35 X9 REmBEZICE DV EUL TV
XH)THY, MBHEERHL TV ORI L 13, BEIrrbo TADHM bR L7123
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DTHoT2bEZHILENTE S,

KIZ, MAEZOWTIE, o237 8, Bk ZEETXTOWRERS L5, 73 7 BOHIC
BWTE ) DT & OMHBIREA BN ET 2R L7z,

Pk, B) o—#IIHEINLIEEO) L, HIIEE 7+ —9—7 4 —5HUIHIOVWTIE,
RTABTHZRO LW I H2H 5,

RBEO (C) KEENLEHED 7 I 7RI SN wEEmIX, Cl@fe IHOBEmTH %,
HEEPS, MRS X7 E TR RO, TRbbMEEHERED 2 VEE o7 loWE %
JBAER & LCHMLBEM E £ 2 52 ENTEDLND LNBWY, SEOSHFEREY» S, WL
WREBDLIENTELRD o Cla)f L TROBEEIL, WEHE L, AfFE THETIREMTH 5,

XL

Db, N=3 ¥ — v OBEERHCE SNBEMICOWT, HROZEGEETo, TOMRE, W
PR E R L7z—RE L, & 287 Bd 2 IS e —8, S EEL v Tw
TEEZONLE—FICRINTEZENTE L,

e A BAEM E Lz 12 Moa/ICHs - BEmIE, A% TR e LTna & w) fifs
o, T/, HSNGZEME, BLEXTEMLAZP/SEEZRLTEY, 2206, 20k
PElAS, 7V IWMBHILVIET M TH o725 Z el NT, TRHIE, N—3IY—IBIT
MR T 2B & B D B 2 EHTE B,

ZOMOBEMTL, AB*HGTHE LTHYTWEHDTH S,

T EADEFNT VAW O 22020, SR RLIIEAPMB SN TV 2 08 H -7z, D,
BB XA VEDF VR HORM B EZ S5NDA, ZNEMBGICEMNT BT RO -
TR, FiRe, WMEHE AN BB L, S5 SI3KRBEIEC X g7 R i &
WRDHIENTE D,

AW TIE, GC/MS & ELISA #EZ#MAGHLET, ARWHORER T 72, W, Baike
Iid, SFEEARYECL, ERENREIRATVL )R, REOHIELZITITnE10,
ELISA {E& H W72 50 W3 IEH (B CINEETH 5 2 L% s, RIFETIR, ROz RS
TEHDLHOD, ¥ HEEGRF2 820, IH, WEZHRETLZENTE

GC/MS X 25T ClE, #TLLPMREEEET S LICE-T, M- BHF - B ORIIER)
DLODOHHNAEHLIZNA TV 2ZDEET I ) BOMICHMMTEIENTEL20, MER
BENREYICHT 2 Z EPRETH 5,

(F5E]

A7k, WFZEiRE A comparison study of Enzyme-linked Immunosorbent Assay (ELISA)
antibodies and GC/MS for organic materials in mural paintings from Bamiyan (Afghanistan)
(Y.Taniguchi, JMazurek) & L C# 7 4 BRAEWFGERT 2 S B & 2 F 72 WFge 0 — 88 & L CERi S 1L
72bDTH b, WM & o727 7 1 RAFIEZERT &, LFBIZEH O Joy Mazurek IZ&# L 3,
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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 pXRF/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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&2 [RALER G - 18 - EH) AEDSH D7 (Methprep I) DiER—E

i
ipti % E he) o o .-(-(2191
Sample Cave Description ] £ o 2 kel S S S o o

A IR I IR IR 1R AL

sl 21&l2|5|e|lo|lgle|e|g|o <

Sl E|E|S |5 8|8 5|58 8|2|¢gly|:

@) iC a 2] o @ ® £ a 2] © o o < oS
BMM 063 B(d) red and ground 76 15/6.97 |25.7| 0.0 {1232/ 10.7| 1.2 |524|170| 0.0 | 00 | 8.1 | 24 | 47
BMM 091 C(a) unusual light blue 20| 20/ O 00|00 |0O|0OO|0O|03|04|00|00) 08| 00|01
BMM 209 C(b) green, white ground 219 20/ 0 00| 00| 0O| 00|00 |69 53|00 |23 | 13| 00|01
BMM 099 D red, white ground 41 20 O 00| 0O| 00| 00|04 | 34|45 |00 | 05| 08| 00|04
BMM 067 Elll yellow, white ground 198/ 20 O 00| 0O| 06| 00|00 |43 |37 |00 |27 | 11|01 |01
BMM 108 E(c) ground and soot deposit 191 20/042| 05 | 00|07 |02 | 05| 28| 18|01 |04 | 15| 02| 0.1
BMM 101 E(e) darkened surface, later soot? 248 15 223| 24 | 00 | 49 | 1.3 | 29 |150| 93| 10|00 | 16| 03| 02
BMM 083-1 F(c) translucent yellow glaze and render 556 15 O 1.0 00 | 44 | 0.3 | 28 6.8 | 20 0.0 1.3 34 | 0.6 0.1
BMM 083-2 F(c) black darkened layer, yellow glaze, white ground 81 15496 |17.1] 0.0 |74.7| 6.0 16 |305|11.2| 04 | 0.0 27 | 24 | 2.7
BMM 045 G yellow, white ground 84 20 O 00| 00| 01|00|0C0O| 10|06 |00 00]n1. 0.1 | 0.0
BMM 212 H(a) yellow, white ground 309 20018, 01| 00| 03| 00|02| 14|, 09| 00|00]| 16| 02|00
BMM 211-2 H(b) red and white ground 418/ 20 O 00| 0O |05 |0OO|0O0O| 22| 12| 00| 00| 19| 02| 00
BMM 009 | red, white ground 53 20 O 01| 00| 02|00O0|00| 05| 03|00|00]| 16|04 00
BMM 073 I blue, black, white ground 408, 20 O 03| 00| 05| 00|09 |62|38| 01|03 16| 0101
BMM 128 J(b) blue/black, white ground 218 20034, 05| 00| 12| 02| 10| 46 | 32| 00| 00| 15| 03| 0.1
BMM 112 J(c) green on white ground 117/ 20 274| 39 | 09 | 88| 1.6 | 48 |209|166| 04 | 02| 1.3 | 04 | 1.0
BMM 113 J(©) green on white ground 276/ 20 1.73| 3.1 15|85 1.1 | 69 |290|194| 06 | 06| 15| 03 | 05
BMM 120 J(d) blue, pink ground 183 20 O 03| 00| 06| 00| 05|41 |33|00|03| 12|01 01
BMM 169 J(f) red, render 131 20 O oo 00| 02| 0O0|0CO| 15| 09|00|00]| 17| 01| 00
BMM 080 K flesh colour, white ground 1154 20081 03| 05| 06| 02| 27 |140| 75| 03| 07| 19| 00| 00
BMM 134 K brown deposit, red, white ground 451 20 1.12| 16 | 03| 26| 03| 08| 54| 37| 21| 03| 15| 05| 0.1
BMM 135 K brown deposit on chaff 166 20/0.34|770| 00 | 1.7 | 02| 07 |165|414| 15 | 0.3 | 04 | 0.1 1.8
BMM 203 L green, white ground, yellow size 37 20/ 194 | 56 | 00 |25.1| 18 | 05 |11.3]| 39 | 0.1 | 02 | 29 | 22 | 27
BMM 053 M darkened surface, later soot? 146 15 O 1.7/ 00|42 | 07| 09| 78|63 |03|00] 15| 05]| 02
BMM 054 M red, white ground 223 20/522|10.7| 0.7 |323| 4.7 | 40 |[252|133| 1.0 | 0.1 19| 1.3 | 09
BMM 035 N(a) resin, green, black oils, white ground, yellow size 54 15/6.32|20.3| 00 |[91.0| 53 | 1.9 |[514|16.7| 05 | 89 | 3.1 1.8 | 56
BMM 040 N(a) red/oily red, white ground 104 156,52 |236| 0.0 |1232 88 | 1.7 |518|1565| 04 | 15 | 33 | 24 | 34
BMM 183 N(a) deep red glaze on orange 17 15 O 14| 00| 45| 00|02 |20 | 07| 00|00 |27 |22 08
BMM 184-1 N(a) yellow resin on tin leaf 20 15 O 09| 10|22 | 03| 00| 06|04 | 00| 00| 15| 34| 04
BMM 184-2 N(a) tin leaf and white ground 20 15024| 07 | 00| 30| 03| 00| 19| 10| 00|00 20| 16| 05




BMM 163 S(a) grey/green, white ground, size 1438 20[26.07| 909 | 2.3 |349.2/31.2|10.7 |2304/932| 28 | 0.0 | 25 IE5) 1.2
BMM 157-2 RAEEE blue and render 953 20| O 0.0 | 00 1.3 | 00| 00 | 24 1.2 | 0.0 | 00 1.9 | 06 | 00
BMM 189 EGB blue in white, white ground 2412 20/0.38| 0.2 | 0.0 | 0.5 | 0.1 0.7 | 43 | 25 | 0.2 1.6 1.7 | 0.1 0.0
BMM 190 EGB red, white ground, render 1162 20| O 00 | 00O | 02 | 0.O | 00O 1.7 1.2 | 0.0 | 09 1.4 | 0.1 0.0
BMM 191 EGB blue in white, white ground 155 20/|0.05| 0.3 | 0.0 | 05 | 00 1.0 | 70 | 4.1 0.2 | 0.0 1.7 | 0.1 0.2
BMM 199 WGB red 841 20| O 02 | 00O | 05| 00| 00| 28|38 | 00| 00| 07| 02 |0017
BMM 201 WGB deep red 401 20| O 00| 0O | 07| 00| 00| 33|44 | 00| 00| 07 | 0.2 |0.041
FDM 059 Fol 2 red and white ground 26 15/ 142 50 | 00 |21.0] 1.6 | 0.0 | 8.1 26 | 0.0 | 0.0 | 3.1 26 | 23
FDM 043-1 Fol 3 yellow translucent size 14 20/ 0.31 | 1.1 00| 38 | 02 | 02| 2.1 1.1 0.0 | 0.0 1.9 1.8 1.3
FDM 043-2 Fol 3 white, white ground, size 263 20(13.63/40.6| 05 |161.6/ 122 | 1.2 |478|174| 04 |23.0| 27 | 34 | 24
FDM 014 Fol 4 selmon pink, yellow, white ground, size 330 20(10.63] 32.0| 0.0 [163.0 10.0| 06 |302|13.1| 04 | 0.2 | 23 | 5.1 1.5
FDM 055-1 Fol 4 green, white tround, size, sandy render 1096 20|21.83/86.7 | 2.3 |13994| 236 | 7.8 2176/ 76.7| 1.9 | 189 | 28 1.8 1.6
FDM 055-2 Fol 4 reddish sandy upper render 3533 20 O 00| 04 03| 00| 07| 28 1.1 00 | 04 | 25 | 0.1 0.0
FDM 023 Fol 4B white, orange, white ground, size 330 202451/ 66.7 | 3.2 |[244.8/20.0| 109 |163.5/566.7| 14 | 06 | 27 1.6 | 35
FDM 003 Fol 5 red, white ground, size 147 20/0.07| 0.3 | 0.0 | 0.7 | 0.1 03 | 25 1.5 | 0.0 | 00 1.6 | 0.3 | 0.1
FDM 026 Fol 6 black(grn), white ground, white size 80 20l 22 | B2 | 00 (221 1.8 | 0O | 8O | 23 | 0.1 00 | 26 | 3.7 1.0
FDM 060 Fol 6 brown green, red, white ground, size 406 20/ 10.3|26.4| 0.0 |100.9 7.2 1.0 | 264 | 142| 0.7 | 0.0 1.9 | 38 0.9
FDM 062 Fol tomb 4 blue, white ground 125 20l 0.0 | 0.2 | 0.1 0.3 | 0.1 03| 35| 43| 00| 0O | 08 | 0.1 0.1
KAK 03 Kak 43 red, black organic, white ground 54 15/ 5.17|,16.9| 0.0 | 70.1| 55 1.6 |409|128| 00 | 0.0 | 32 1.7 | 43
KAK 10 Kak 44 white and ground 427 20(19.06| 75.2| 0.0 [348.9 254 | 5.3 |[223.3 81.2| 20 | 6.1 2.7 1.6 | 3.7
QJM 06 QJ gold leaf and mordant 20 20 5.03| 15.7| 00 | 734 | 55 1.0|184| 65| 00O | 0O | 28 | 40 | 125
QJM 07 QJ brownish colour, whole paint layer 176 15/ 3.76| 13.3| 0.0 |625| 54 | 0.0 (213, 83 | 0O | 00| 26 | 29 | 1.0
Reference Oils

plane tree gum modern ref, Bamiyan 2006 03809 | 0O |20 |02 |04 | 38| 15|17 | 13| 25 | 05
almond oil fuwler (film) M. Schilling 1989 053 35 | 00 |1569| 0.7 | 00O | 46 | 42 | 04 | 15| 1.1 | 34
linseed oail refined windsor newton M. Schilling 1989 493|355 | 0.0 |3652 145| 0.6 |165.0/134.7| 34 |25.1| 1.2 | 22
poppyseed oil grumbacher M. Schilling 1989 7.02|70.2| 0.0 |655.7/20.9| 0.6 |365.7|116.6| 44 | 18.7| 3.1 1.8
poppyseed oil cold pressed grumbacher M. Schilling 1989 6.77 722 | 0.0 591.3/ 196 | 08 |414.0/117.8| 4.1 |1070] 35 | 1.4

poppy oil sunbleached M. Schilling 1989 505|462 | 00 |414.7/ 124 | 04 |3286/74.1| 31 | 652 | 44 | 1.3
sesame oil arrowhead mills M. Schilling 1989 1.11] 75 | 0.0 |[665| 1.9 | 0.3 |1054(895| 66 [227.9 1.2 | 05

soy oil sprectrum naturals M. Schilling 1989 344 |26.0| 0.0 [201.2] 9.7 | 0.6 |252.8/116.3| 7.1 |21.7| 22 | 0.8
sunflower cold pressed schminke M. Schilling 1989 04 | 29 | 00 |21.2] 1.1 00 | 63 |122| 0.7 | 24 | 05 | 34

tung oil China M. Schilling 1989 022| 27 | 0.0 |31.8| 04 | 0.8 |102.0/109.9] 6.1 |[325.0f 0.9 | 0.3
walnut spectrum M. Schilling 1989 5.37|402| 0.0 |13635/11.6| 04 |1175/37.3| 16 | 25 | 3.1 3.1

walnut oil rougie M. Schilling 1989 454|354 | 0.0 |[339.9 124 | 0.5 |324.5/1423| 4.1 | 125| 23 1.0
sufflower M. Schilling 1989 481 |38.0| 0.0 |[286.2 120 | 0.8 |1478/1126| 125| 16.3| 1.3 1.9

BMM : N—3%—3, FDM: 74 —9—51 —,

EGB : HA1L, WGB : PiR1L

KAK: #2727, QM:aY) - IYx 77—







