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Characterization of Organic Binding Media Used in Egyptian Painting Layers by GC/MS

Hirotaka HISATOMI*, Shigehiro ASAI**, Hideya KAWASAKI*, Ahmed Sayed SHOEIB***,
Hiroshi SUITA**** and Ryuichi ARAKAWA*

[Abstract]

Organic binding media used in Egyptian wall paintings was characterized using gas chromatograph-mass spectrometry
(GC-MS). Samples of the wall paintings were obtained from the dubris in the mastaba of Idout, Saqqgara in Egypt. The aim
of this study is to investigate the possibility of discrimination between arabic gum and animal protein-based binders used
in ancient Egypt. In this present study, three methods of sample preparation and injection in GC-MS (double-shot injection,
reaction pyrolysis and liquid-injection) were tested for the most sensitive detection of the organic binding media. The GC-
MS results showed that the double-shot injection and liquid-injection methods detected no natural products, but the reaction
pyrolysis method could detect saturated fatty-acid esters and fatty-acid glyceride-like compounds. However, these organic
compounds found at the Idout wall painting are almost consistent with the previously reported compounds that were
detected from the wall painting samples obtained from the Funeral House in Tuna el-Gabal. In conclusion, the organic binding

media could not be discriminated again.

HAIa< b 757 4 —ERSH (GC-MS) O 3WRDREFE. 71V av bk RISRGEBEBK
UHHAREAEEZEAVT, TV FEEICERINA TV 3EEM R EOERILEMD I 21T fc. ERHE
Yy hSDA Ry —bOEBEEHSBONTEEONTTHB, X7V ay bk BEEABZRAVE
GC-MS BIE T, RAWHROEBRLEMERIBTECLATEEh ol RIBASHEEZAVCTRESR
% GC-MS THH LR, BAfEMEI R 7IVEN B, McLEMES ) Y FREBEDNSLEN
EREUE, ORI, §iERELRY T « TV - A/ YVBHOBRE/NT O SR LI BB EZIER U
LAMEETHY . SELEECHERAINTOAEEMORS ZBBITEI LI TE LI 27, 3SERODH
HEDOF TR ED, HEEMCH L TE > LLBRESED o T2,
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1 BRI

IV OBEENTEEICENT, TOBERIZERA,ISHEEL WK 3 cESHERVCTEEShT
W3, TOESHIELTRICTZETIL, BERRIFOES (51I8) AEVWONEEEZDNTWS,
TSETILE, 77VAHDFANWHMAREDRL/ FRT7TAVTRB7ZET L/ FOBERZEDT., F
DEON S DF I ZREIRESE DT, ZOERDTRBEZEETH S, BREPHEOEMCE, Bix&oa
S—FUCEEMAMELUIz2 0B TH B, BRI T FOREEICBOULERRERRT L OAHM N,
VEYH—AVOENSBEAVERERERENMLELTVAOT, ZOMHDAEEREEVWEEDN 3,
SRENE., IKEME—HEICEEELETINYa VICT AT ENTELDOT, PRI HIEEOHE R 15
BTBEDICAVENTVS, RETE, NFBAFB72 03 A2 Y IVEBEIFIVEERSETET S
VIVHESEOSKE S FRENHNENS, Thud, b, EifiRoBHEICERENTEY, F1FUR
DREEEEDOEHIC X W FE SN T ShiESHITHRE TV,

LA LEAS, ThET7SE7dL, BEREINOBAS (IIH) ZEROESERIE UTHER UZ2EMiE
BEEE 72072, Z0HEEF, it e LTOEERODICHEN GO WFENERTERWI L, &
BEROFEKTT3000 EU EEOREVWHEREBEENTEZDOT, EEHOMKEEHNSHRE 2 XEE
BEICHBINTHEEALEEERETH S, YROBEFEKOMREZE S 2DICES#2 (Py)-GC-MS &
FT-IRZEICE D, TYTFOERA— b2 v Y (B NENLVAEZRT S TEDEY) iICEREh TV S EH
EZOEER O LRGP REEPHO AT AR EREMOT LIcRE *HH 5. chblckb e,
HEH L BOREY, Yo VHROEMILEZFR LI e HEINTVWS, icd <7 FZ7 AOHE L ER
DEFHE % GC-MS THHr L Al I LHEO 7))V F— A (BFEH) 2o VEERH UIZRER 655, Bk
F. CAETIRIZT b, TV« A=TMIcHB YT « Tib - 7B OFERE (NI TEHRAP»S T
LA F ZHEHR ) D S EH U8B/ OBEEEIZIT LIZh, BREBEHELTVES ICAVTVLS
EEAICHYT AR ERIET AT e TERD oY

FEE TR, BREICEBYESNTECENTERIHRIOY 57 4 — - EHEDHE (GC-MS) O 3
BEOREFE. © F7 )y a3y bk, @ RIGEIBEB I UQ MEEAEZRAVWT, =7 MEEICHE
HAENTWAEEMZ EERILAEMOIHTZITo/. SERIORENIT v A5 DA Ky — FOEEZN 5 ER
LEBEONETHB, ¥ 73w MNETE, BORRERER 2 BBICH 5T L TR FERD L&D
FERESOSFEAREEL T, RIGADRTE., —RicEEOENEHIEEMLEHPICTATIVEEEE
2ELRIT—0O GCMS oA REETHADT, AET7 VA REZAWVTHROEREZ AF LR E
ISR B, ZOT EICE > T GC-MS FIEMNFIHEL 55, WAL T, BrERIZEHEMHIC K
DRI L ZOF ElERRE LTHIERITS N TES, TOE, milEL U THEE(EZIT GC-MS
HIED TR EZRETA LN TES, RRETR., LWIOHE * THVWEMEEEZREESE/- 3
HOAEICED, 4 Fy— hEEO/NAICHR SN TV S EESHI OB DR REN: B X TRIE A OME 217

s
2 HE
2.1 HERUREE
BEEERRNCIE, TUT b, v AT OA Ry — FOMEE (f7Til 24 i) S EH LB/ ZR

Wize A& J—)b, FHEHLRETHZKBILT S5 AFIVT vEZY L (TMAH) EFEMEEOE D%
iz,
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2.2 HEEm
2.2.1 HTIvavy g

EEAEOFRABERETZ 2.06 mg, BEEEE 200 mgHlDED, YT VAhy TIKANE TV ay b
BEIC & D GC-MS RIEZTITo 720

2.2.2 RISBASREE

EERROREEES 1.35 mg. BABEF 093 mg MDD, ¥ Flh v Fic ANFEEkILaE L
LTTMAH® 1 p L 2R oo ZNENOBEREZKISRMEEIC & D CCMS BIEET o 1z,

2.2.3 WEEAE

BERAORBERZ 4.75 mg. BEEEZ 40 mgHIVERYD, YU FIVFa—TIcANAEZ/—VE |
mL, TMAH % 100 p L i1 T 80 COBBMT 3 BAEE R 5 X UBEHLET o1z, CHEORE
ZEEAEIC LD GC-MS flEZITo 12,

2.3 GC-MSZ&E

AZ Y oy TROHFRIa< b 7S5 7ERSHEN ITQ1100-MS, ThermoFisher Scientific 8 ) 2T,
EEHA m/z 50-1000 £ TORIER{T> 2. HEKIEICIE PFTBA (perfluorotetrabutylamine) %\ /z,
REFERIARZAT NS TERAY, 7V ay bk RISRDRE, RIEEAZED 3BEOFEE
BAuwic,

Ty ay bR, BORBFAICE-EZEAL, BE% 100 CHS5S 40 °C /min DFEE T 420 CETH
B9 5%, FEBEEREOREEZ 420 CT,. BAaEEHE 540 CTHB, TDLE, HHAD GC A5 L (UA-
5,30 m X 0.25 mm LD) e 9B AL VXS b v THREZERICUTHL 420 CEXTHREBEES NS,
S TEEER L TRESENE A5 LNEA L GC-MS DRIEZITS . ERICESRIFOIRE% 800 C
ETLRAIETHEBETONRMZRRIC GC A5 LICBALMEEZITS, EAODEEIS 260 CT, Fv
) Y —HZADOFHRIE 1.0 mL/min, A > Z—7 x4 AiREIZ 280 C& Uiz, MS DA 4 ViRIRE% 260 C
L. AAMETRNE—% T0 eV, A F VA LEHE 250 p A TTIVAF % Vi (m/z 50 ~ 1000) THIE
Zi1o7%

RSB RER, 3R L Sk TMAH DEEM% 450 CORMSARIFIC 1 HHEFRRELER. 205
fB%E GC A5 LICBA LRIERITI. —A. BEEARER. Aid > THREEH/L L HRBRZER D&
TGCHSLIKEALREEITS,

3 RRLEER

ATV ay METE, BORBER 2 BRFEEICHT 3 C L TES FRES LRI FRRD DDA ETHE
LB, A7V ay bMEC K AFREEERSXCRARED GCMS yu< kJF L% Fig. 1 1CRY, Fig
la (¥ FEERED 420 °C, b {3 800 C. c (FEMAEE®D 540 °C. d & 800 CTORGHEMD b—2 A%
Va5 LERYT, ThEAOZOS FE—2id, TRTGCC AT LEREREPCTMML LTS
FNBERERFRY UXAFILvOFY 5 PDMS) IcHYT 3, Lichi>T, BEREICHET 5H#IL
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S BONBLEEERHTEED 5T,

WA TR, BEALERTS T LT -0 ZAFLVIRAFIVICER URHBREORANEETE S,
W TEAEIC & B EEERERED GCMS ¥ 0% F 5 1% Fig, 2 IcRd. Fig 2a BAGEEE, b REE
BETOM—2)VAZ a3 TS5 4L (TIC) THB, MEFAREICX > TRIEEI(LEWMBEE TV g
v MEEFRIC, & A E DN TERAFMAIS PDMS & Bbh 3 ¥—s T, RAMICHRT 35/t
RHTBCLIETEEI T,

RISBIRBETELNICCMSDTIC 70 b J5 Lk Fig 3ICRT,. HIY B BEFAREZThE
hyrFivay Fic A, BEEEEETMAHZ 1 o L2INX TGCCMSRIERITore ZORE, B
EREICAE LTV EREEM L BbN 322 R RERM RY) 16.1, 18.2, 19.6. 20.1 min iICHRH
Lizto TNHDI7O0 ME—TDIAART MVENISTSA TSV —ART MV EHEBT R LiICK
D, ¥—7 Rt=16.1 &IV X F VE X F)U (Methylisomyristate), 18.2 373V I F VBT AT )V (Methyl
hexadecanoate), 19.6 (& TERBIAID LY X7 = /—)V C(Bisphenol C), 20.1 min INTZFHh VEXF
WL ZF )V (Methyl 9-methylheptadecanoate) EHETE T, £z, TNEDE—IDMBRICTHVEBAF
WIRATVERRT 7 2 = )VERDEEME ZEMRH & hiz,

Chiavari' 5. Py-GC-MS IC & D EHEARTH A BEHEL A 7V DRI ORILKFER (C8 ~ C24)
LEE 2 R BREROCO—VOEAZRELIZDT, ThHDEEMTHZ T ERLIZ, ¥
Ribechini® 5k, NFHY AFIN I SY > (HMDS) FZE T TIUKDRZIT o 721, TMS( MY AF IV U L)
BUEKILLUTGCMS D ZIT-O>TVSB, FORE, V7R / A R, ZBKRT7ELZVE. €/ VR
VB n-TIWVA/ =R - TNVAVEERREL, YoXVOFEERZTRIERER. LOLEYE, &
Bl Ky — b OEFEZOBEEH SR UMisH#g T X 7/)VER., fiERlE LY F - )b « T390
DEE/NFHERH U8 L IZFRACEEMBETHD . BT LEEMHRDOELDLFETES DI TR
<, BIEIERRICE L EENB, Ko T, B EDDBERMOITEEIBTETER L, ¥/, Th
SRR AT IVERIEIN I TV 7 OWRIC X 57 £ EDNB T LHH BN, —RIICEAFIVIAT
IWHZW,

4 %

2

A4 Ry — brEEO/NTICERENTOAREEHD GC-MS 5 Z1To . TOER. 3BEOTHAED
P CRIGASRED ., BBV, BHEESY ) FREDEMicHLTE > L EBENED -
Teo LHLAEDS, HIEHE LY T - TV « H/VVEBHORE/ N OSFRER L FARKIC. SEIOBEERR
ORI LERFELEVESICAVTVAEERICHY T AR ZERBTZ N TEAb ok, BE
REETMEHIDIZL., RISBADRREIC K GCCMS JIEZITS T & T, BNfEMET A 7 IVESRRAIE his,
LA L, ThSOEBYHERELEROBEEMOEIHE S M DOWTREENB LN AN o7, SBROD
BEL LT, ANANEBROTVELZNSEERNORMNTAIRTH S, SED GC-MS ERIcHBNT,
BEEEEL AR LA E RS EERE THr OZR(LEMHERRICRU TE 2 RIERMZHIITAI LD
T&E,
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FHRE, R ZETRLAEERANRERIE AR R (P 20 FE~TH 24 FE) | IKK>TIT
bhiz,
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