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Attempt to Characterize Egyptian Painting Layers by GC/MS and Optical Method
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Ahmed S. A. SHOAIB****, Ryuichi ARAKAWA***

[Abstract]

Organic binding media and color materials used in Egyptian wall paintings were characterized using gas
chromatograph-mass spectrometry (GC-MS), Fourier-transform infrared spectroscopy (FT-IR) and Raman spectroscopy.
The small samples of the wall paintings were obtained from the debris in Funeral House (Egyptian House) in Tuna el-Gabal
that was at the age of Persian or Ptolmaic Period. The aim of this study is to investigate a possibility of discrimination
between arabic gum and animal protein-based binders used in ancient Egypt and to recognize the use of mixtures of the
two products. The GC-MS results showed that saturated fatty acid esters and the compound which seemed to be fatty acid
glyceride were detected in the extract of the wall surface. Unsaturated aliphatic alcohols, esters, and the components with
a steroid frame were observed from the direct probe method of EI-MS. In FT-IR, the absorption bands of calcium hydroxide
in the red part of the painting and inorganic oxide in the black part were observed. In Raman spectra, it was supposed
that amorphous carbon was used for color material of the black district and cinnabar (HgS) was for that of the red part. In
addition, the color materials with fluorescence were detected in the red and blue part of surface.
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BhEEbNS, TIEE. KEMZE—HICREEDETINY a3 T BT ENTEEDT, HHLRE
WFMEEOHREZEET B DICHNONTWVS, BIETIE, T 8A FB72 LW0WH X2 7V )IVETT
WeERTET BT 7V IVHEESGROERED TRIIENHVENS, Thid, b, EififoBricd
HENTED, 45 AOKFEBYIFEOEFHIC K ORI N SNBSS THREN TV,

LA LENRS, ThE7IE7dL, BEZIGWOEE (1A ) ZEEOEERIE UTHH L7221
RGN F 7207 <L ZOBEIE, b & UTOEEEO - DIHEN AT FENEA TE RN &,
RV OFIG T T 3000 FLLEEDEVMIME I N TE 0T, HEFIOMKEEIIN S REZIEH
B LICHBEINTHARLIZAREN R ETh D, HRFOBERMOHRZ1E 5 DI B fiE (Py)-GC-MS
EFTIRIEICE D, ZYTFOERH— M2y Y (M SENVRZGHT S THESDTZY) ICERENATNS
bt & Z DEEHN 2O LIRS " R KBGO H I AR ER KRR LIZRE ? BH 5, chbic
X3, BEWEBOESY. Y=< VHkOMY) I LZHHALZEHESNTVS, flilce<T R=7 A
DEL BB OBEEZ GC-MS THOHT L. MY I LHKRDO 7 )V F—Z (HHEHE) *v o Uizt Ul
BlY & H %,

AMETIE, BRECEEIEDNTZENTEEZHRAIAa N T 57 ¢ — - HEOHE (GC-MS) &
7794 (FT-IR) 38 K U'F < > (Raman) 73652 VT, BEl/ N O R EISATE Ul B LAY OB E ST
21T, R EN TV B HEE RO O T HEME Z 85 LT,

Fig. 1 Painting at Funeral House
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2.2 klAed

BERROREERS 1.89 mg, HOEEEE 291 mg Z L TEBERAZ 1.56 mgHIVED., A#HTT
DEL, TYRYRLVITFa—THTRAE =)V /T r2 (1/1 v/v) 0.5 mLic& D 15 REEHHH
EiTolc, TNEBELDEEL, LBREE GCMS DRIERR L Uiz, IV ZIXx— 3 Y RHERT 5720,
ZZRER (T TV 7)) bEBOBRETHEZRAE Lz, FT-IR 3 XU Raman JIEIC DWW TIBEER R Z £ D
FEMFHLU

2.3 HlELEE
2.3.1 GC-MS

AZF VS TRIOAAIa~x w757 - BESHET (ITQ1100, Thermo Fisher Scientific 8 ) ZHWT
B 2#iPi m/z 50-1000 ¥ TORIEZIT> 7z, HERIEICIE PFTBA(perfluorotetrabutylamine) %2 Fu 7z,
AEFERARZa< S T2V, flEadfzE 2 p LEALURKREEAEDED,, EEEAKEL
TIOBLIERREIRA T O—T DT ¢ 5 A b F v FICEBERA Uz DEP(Direct Exposure Probe) i &
HEEY VT IV Ay F1CEESD - DIP(Direct Insertion Probe) % FU 7z,

Wk E A GC £ HY, DB-5MS(Agilent 8 ) D GC AT LERV, GCA—TIE 60 CT 1 7R FE
L7z#%. 300 ‘CET 1 Hfic 10 CTTHIEL. 300 CT 10 SRR Uiz, ¥z, iEARE 260 CT,
ATV FLARBEICED 2 p LEALZ, FYVY—HAOWRER 1.0 mL/min, 1V Z—7 = A ARE
i$280 C& Lz, MSERIZ., A4 VIRIRER 260 CL L, A4 /b x)VF—% 70 eV, A4/ {LEMR
% 250 p A T Full Scan MS # (m/z 50 ~ 600) THIEZETT> /2o

EREEA X, DEP 70— 73 ¥EER 50 mA T 10 BE# L. 1000 mA £ T 1 B 10 mA TE
i B, 1000 mA T 30 BMEE L7z, —75. DIP 7o— I3 FIHEE 30 CT 10 MEFL. 450 CXE
T 15[ 100 CTHIE L. 450 CT 30 MEFELTzo MSEid, A4 FIEE%R 200 C& L, 14~
XV F—% 70eV, A {LEH% 250 p A T Full Scan MS # (m/z 50 ~ 1000) THIEZEIT> /2o

2.3.2 FT-IR 730k

HIZE T Nicolet iN10(Thermo Fisher Scientific # ) %z, EEODHRA > FEEBHEY > 7Y
JU. BAVYEY ROV T Ly ya re)vEA0TERZEEL L., BEMERE TOMZITo T,

AWM, E—L A7) v Z—IC KBr %, #RHFRIC KBr B T=EIRE D DTGS Z AV iz, £z, 7f#
BE8 cm' T 64 ERF v > EITo Tz,

2.3.3 Raman %%
Raman %3¥¢4& Nicolet AlmegaXR(Thermo Fisher Scientific # ) %W\ TiTo 7z, HIERZ, EFEOHHR
AV MEBMEBY TSIV T L, TNEATA RHT RICERTEME— FTTo 7,

SHSEMEIX. 532 nm D L—H—EFL, 672 lines/mm TEHEFR 3.00 #, BHEE 10 B THIEZR
?i:'g TCO
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3 fRLEZR
3.1 GC-MS DAY M)V (AR )

Fig. 2 ICBATEAETE O N2 GCMS D b—2)V A4+ 7ax b J'5 L (TIC) Z/R T,
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Fig. 2 Total Ion Chromatogram of the walls by GC-MS.

HIDE o TzBEEERRZ A Z /—)V /72 2 (1/1 vV mLIZ &k D 1 BEEBELZOL, ELDBEIC
FOREBRBRO LBABRERRE LI E, ZOTICARZ MV TSV 7RROTIC AU TH-
Tzo ZD7=HEKE 15 DHEESEEME L. 20 EBARZRERR L Uiz, 75 2 7RG FEROBE
Eiiolze 7V THRELTWAE—JIEGCF A ESV—HFTLHLBEHLTLBARYIAF LT
F9 V¥ (PDMS) TH 3, B, &F. ROZFEFAROMEBED S/ O5NIZHRDO TICHICEF Y ESV—4
SLNBIEHT S PDMS W&o fcfzddh, 75V 7RO/ a<x NS LENY VTSV FELTEL
ST ZIT o 1o, ZOMRR. ANEED SBEREICE LW AR ELEM L Bbh 2 (LEE2 R
Hilz, BoNIZZNEFNDOE—7&, NIST S A 75V —Ic XD EEERITo Tz RIFR (RT) 15.97.
16.93, 21.98 % 24.08 min I 7 Z/VEET X 7 )VEE® 16.44 min I TERHFIHF & BN BELRE— I B
BNz, FlE{BERENZE—2EL LT, RT 1558 minic v ) VEEAF )V A7)V, RT 18.71
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min i/ OVIF VALY VT AT )V, RT 19.09 min i)V F VBT FIVZ ATV, £ LUTRT
20.81 min iICATF 7YV VBT FIVIAT VNS, ZOHFTE, WWVIFUVBETFIVIATIVERTT
) VBT FIVI AT VAR BB E Nz,

Chiavari” 51&. Py-GC-MS Ic & D B R TH BB T X 7))V D53 @M O RALKERE (C8 ~ C24)
LEaptE R RV BRRO O —)VOWHAERE LIZDT, ThODREMTHA LZRLT, T
Ribechini? 5%, NFHYRAFIVI Y 5P (HMDS) FE F CI/KS#REIT o1z, TMS( MU XF)LT Y
V) FBEALLLTCCMS i EfToTWV5B, ZTORER, VTR A P, ZR/RRT7EL XV, €/
HIVKRVEE, n-TIVA/—=)bRn-TIVAhYViEERBH L, Y2V OFEZRT#ERZE. LMLE
5. SERH U-BERiEEE T X 7 /)VEIZAT LEEYIEROE D L RETE 5 b T AL, Bk
fERiRIicE B 8NN3, Ko T, BREDDBERYMORRENRIIEE TE RV, £z, ThHiERET
ATV TV T ORI X 30 & & DN T LhHBH, —RINCIE A FIVZ AT IVAZL,
—%. TFNVIATIVZIEHIE LTHIMRITHVWSENE Z LB, Lith> T, SEDTFIVLT ATV
L&, BEEORINE /I RER EDNENZREIC K DBEROTERLERETER, —H. KRR
Yk BbhzE—27 & LT, ©THAENS RT 12.96 min IChEFHEBY T A7)V, RT 14.21 minic ¥
RSYVVRIYITATIV, ZFUTRT 1450 1831 min iICHSHAEE N1 7'V Y FERICHNST 5 AANRY
MVEETZEEMBPBERNIE Nz, ThoDEEMEFTRERAOHENS XD EZOHITPENIREEN
AHEEICH > Tz,

BREEFXEMNELT, V77 LYRICILATO—)b (20 pg) ZRIE Lz (Fig. 3)e ILAFO—)L
D TIC E—Z38EH 4.89 X 107 IZ LT, $RTCORETC—HML BRSNSV F VBT FIVI A
F)U (RT 19.09 min) DEEIFFAERMT 4.42 X 10°, FBEMT 1.75 X 10°, Z L TEEBEXET 3.81
X 10° TH->77 Fle, TIC¥—Z7HBMEL IL AT 10— LA 101303987 I LT, ThFNOEE~Z
JEIC T % & 629764, 78367 3K U 484771 & 20 pg ® 1/100(200 fg) LLFTDETH B T L hbh o7,

RT: 26.43
100 5 a) chlolesterol AA: 10303987
50 ; NL:4.89E7 |
0||||||r-||.|||r||»|.||un|nu|||rr||u||||- LI B S B B R S B B N I N B B B B B N S B B B B B B B
24.4 25.0 26.0 27.0 28.0
RT: 19.09 RT: 20.81
100 5 b) blue AA: 629764 AA: 492943
50 % NL:4.42E5
‘-HA./\.....,__/M
O e e e e e R
17.2 18.0 19.0 20.0 21.0
RT: 19.09
100 c)red AA- 78367 2102
50 3§ NL:1.75E5
0 LI N S B B N B B B B S N B B B S S B B I S Bt R I B S B A B S O N N N N B B N N N B B N B B N N N B N N S B B N B B NN N B N N N B I B B B e |
17.2 18.0 19.0 20.0 21.0
RT: 19.09 RT: 2081
100 AA: 484771 AA:329753
d) black A A
= i
50 § NL:3.81E5
0 |||-|||-rl||-||---..-||||-|||||||||||n|'||1||||-|||||||v||||-|--||||||||»|nv|||v
18.0 19.0 20.0 21.0
Time (min)

Fig. 3 Comparison of chloesterol and the walls
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3.2 EHEANE

EBEAETE. ZhEhoafERZH D B> 72K ZRIEICH W, DEP K ZInE 7 o—
TDT4FAY NFy FICEBERHR L, BZERNTIO—TICER2MNISC LIckDEE2RHEI L. &
ELTeBN ZEHEA A LT B FHETH B, DEPICE D EENIEY—E YT L% Fig 4 ISR T, $RT
DEMERRE T 200 ~ 450 CHEAIC DT TEROAFEIEEEE T 2 RILKEHL 7V a—Lik LT
ATIVIRETZEAT8aA FEREET S LEDNIZROMNHRE Uiz, £/, 800 CHIET m/z 64 % 65
ZEUEREEY L BbN 2R Lz,
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Fig. 4 Thermogram of the walls by DEP-MS.

—73. DIP &4 v TICER 2#D b DZMATO—TICEA L, EENTT a—7ICERERT
CEILKD, HIAAYy TS Lb3BC I ORI LIREHN A ZEEA 4 LT 5FETH S, DIPIC
EOEENY—ES T L% Fig. 5127”9, DEP EEHRIC 120 CME X TICEBOTERNEEZET S
IATIVERRTZEATOA FEKRZET % L BN EMH DR Uiz,
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Fig. 5 Thermogram of the walls by DIP-MS.
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3.3FT-IR A7 M)V

Fig. 6 129 N\T DEFEDEMERERED IR ARZ ML%ETRYT, Fig 6a 3EHEHEDBNIEZOLE DD
ART MV THB, 1416 % 876 cm’' I REEEZ/RTRINA, 7z, 3406, 1138671 cm ICHE%
RYJRIHBRENET ENSRBIELAEMEE L TVB I ERART MVSA TS —h bbb o,
7rEa (Fig. 6b) R (Fig. 6¢) XM & Fig. 6a L FARRDOEINA R 5N, F UMD LIcEERPELNT
W3 Z &Hbh oz, Chiavari’ 5DEMZDED FT-IR oHric &k % &, FEaZEbk, BalR, 56
W7 X540 (REEHH) RLY TR TN— (THhHA M TIV—RBEHIV T L, Fha EOREM)
LHEEIN TV, LHL. SEODFT-RERD SHRBRED 51 550 cm” [fEicBlEhiz7o—F
BRINE— 7 D SIKEE(E IV T LEEATNE T N olz, T, BAEREH 5 1581 % 1400
cm ' ICEEBEY L RO BBINAXRY MVABRIE Wiz, —7/., HBEKA (Fig. 6d) 55475V
—LIE—H LIz DOPREINT, 1400 cm” LLFICDHFEUIARY MIVHAR SN, FAISHDHEMTH S
TEMNEZ BN,
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Fig. 6 IR spectra of the walls
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3.4 Raman A7 kU

Fig. 7 12§ R T DEEHE DO M EREE D Raman A7 MVERT, 77t (Fig. 7b) ®FE (Fig. 7d) REH
5. #1600 cm” LU ETARY MIVBREN LD ET S T e 5N b DEAENR b Nz, REEE
Z 273 % 211 cm IKEELEVBRIIE N, STV -2 5REW HgS) THaZ bbb, HREICHN
NBZHMEL LT, BILHIZD TRV EASEIOFERN S REE Nz, BAEME Fig 7c) 515
ATS5VV——HTELONRYUTET, BHELART MV STENT 7 AN—KRYTHBTENEZLD
Nz,
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Fig. 7 Raman spectra of the walls
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SEOBEZEN D, EREEPHELENE S ICHAVTWAEERICHY T 2RO ZRHT B &N
TEaholz, BERNEEEZESERME L. GCMS ICBRAEAT BT & T, SEAREMHBI 7 VR
WP NIZED, BIEY VY REEBbNE I AART MVHEHIE Nz, —FA., BRERZE
BEAETHET S LIckD., EKERFZIJESMETAEESZET S 7 NVIA—IVENLIZAT IV
BERRATOAL REREET S LEDNIESERE LIz, £z, FNBRU I UYEEIc KD, B
BEREOEMEHET 3 N TER, REEREIKEBEAIVY T L LR HgS) ». BBRmIIT IV
T 7 AH—R A hOEEEEMMERICAVON TS T b oizh, FaRmITERZHEH
THRENTERD -T2, BEEEEROESEFNC OV TRSHBOFEEL LT, ABNEERODEVER
DA L LEOFFZBEHHCFEARIC K 20 2ITS 2 ic k0, RBERER LOSEO(LEYES
ERHIEZ T ENBTENS,
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