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Attempt to Characterize Egyptian Painting Layers by GC/MS and Optical Method

Shigehiro ASAI*, Hirotaka HISATOMI**, Hideya KAWASAKI***,
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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BOEEDNS, IR, Kl —BIEEEhE TN aVIcT R LN TESZDT, PIHLEE
FMEZEOHEREET B EDICAVEATVS, HETIE, /3504 FB72 LW5 AZT V) I)VEETTF
WERERGLTZT7 7V IVHEESEOGHES FRIENEVENS, Thud. Xeht, EiGEOBEICE
AENTHED., AF) AOKEBMEOEFHIC K Y ARSI SNSRI THREN T4,

L LEAs, chb7SE7 DL, BEREBIIOAS (I8 ) ZHEROESER| L UTHA LIZEMmN
TREFIE E 7D, FOEEZ, Xt L LTOEEROIDICHENZSTFEPEATERNT &,
B ROBFES T T 3000 U ELOEVHEMEE N TEOT, EEAIOBRERIAY R ICEE
Fir CICHBINTHEE LA L ETH D, UROBEHTOMREZE 2 TcDICET (Py)-GC-MS
PFLIREEICED, T T FOERA— 2w Y (B, NEVRERT D TEDREY) ICERAENTWS
bt b 7 OEEFE SN LIiRE Y RAEERED A5 AR ERRTAN LRE? 1’H 5, chbic
k3L, BHLBORESY., Yo vlkodLzER L HEENTVS, icd<7 F=T7A
DY EHOBEE % GC-MS THOW L., WY I LHRED 7))V F—X (BHEH) v O VEZRE LIRS
¥ &5,

FIRETIE, BREICEBRYMZINT AN TERHAZOR M 57 4 — - H&EHHriEk (GC-MS) &
F4k (FT-IR) B L TS < 2 (Raman) £5YEERE VT, BEEVNT ORI Ulc AR LS OMmBE I
TV, FREN TV 2 EERI OB DR REMEZ M5t LTz,

Fig. 1 Painting at Funeral House

2 EER
2.1 R R Ut
Fig. 1I&REND, VT bk, TV« AZTHICH B YT « T)b - HIVLEBROEEE (<)L TR

MET F LA ZERHR) 2 SEEH UTBEE/ N 2308 & LTHWZ. AR/ —b, 74 b vlafniest
DL DR HNTE,
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2.2 B A

BERHOKREET 1.89 mg. FEEEE 291 mg Z L TEBREY 1.56 mgHIDED, L&TT
DI|L. TYRVEIVTFa—THRTCAR/—)V/TEF>(1/1 v/v) 0.5 mLic &b 15 HRIBZHEHH
ZiTolc. TNEBLDEEL. LBAHHZ GC-MS DRIESHR L Lz, AV X IX— 3 VEERT B,
ZEZHRBR (75 7) CRAROBRETREZAB Uiz, FT-IR BX T Raman JIEIC DV TIXEEE A% Z D
XEMEALE.

2.3 i
2.3.1 GC-MS

AX VS TRIOFA O~ 557 - B&BSHE (ITQ1100, Thermo Fisher Scientific 8 ) ZHWT
B B8 m/z 50-1000 ¥ TOREZEITo /2o EERKIEITIE PFTBA(perfluorotetrabutylamine) % RV 7z,
FIEFERARIOT NS 72V, RIESREE 2 p LEALLBEEAZOED), EEEAEEL
TTHBUEREEMATO—T DT 45 AV MFy FIEERT Uz DEP(Direct Exposure Probe) # &
SHEEY T IV Ay S e 7= DIP(Direct Insertion Probe) #% U M 1z,

HHETE A iRl GC 448, DB-5MS(Agilent &) @ GC 415 L2V, GCA—7 Vid 60 TT 1 MR
L7=%&. 300 CET 1 98IC 10 CTHIEL, 300 °CT 10 pRRE LTz, £z, EAOREIL 260 CT.
RAFUw FLABREICED 2 p LEALK, F+ VU Y—HRORRIE 1.0 mL/min, 4 VZ—7 =z ARE
13280 C& Lizo MSEBIE. A4 VIRIBER 260 CE L, 4L x)VF—% 70 eV, A F V/LEH
% 250 p A T Full Scan MS # (m/z 50 ~ 600) THIEZTT> 7,

BB AR, DEP Fo— 73 ¥HAER 50 mA T 10 ERF L. 1000 mA £T 1 BRI 10 mA TE
iz LiF. 1000 mA T 30 R L7z, —7. DIP 7o— X FHHEE 30 CT 10 MEREFFL, 450 CXE
T 19MIC 100 CTHIBEL., 450 CT30WHEF LI, MSHZ. A1 A VFEEBRER 200 C& L. 14>
{EZRIVF—% 70 eV, A% {LEF% 250 p A T Full Scan MS ¥ (m/z 50 ~ 1000) TRIEZIT> Tzo

2.32 FT-IR %3¢

HIzEI 1& Nicolet iN10(Thermo Fisher Scientific 8 ) ZR\ 2, EFEDOHRA Y FEBHEBY VTV
FU. BAYEY ROV T Ly v arebERWTERZERIE L. BERETHNET >z

DREIF. E—LRATY v Z—iC KBr 2, RHZRIC KBr RTEERD DTCS ZA Wiz, iz, o
gE8cm! TH4EAF+ VEfTo %

2.3.3 Raman 737¢

Raman 53 7¢43 Nicolet AlmegaXR(Thermo Fisher Scientific 8 ) ZFHW\TiTo 2o BB, EEOSHTR
AV M EBHBY YTV T L, FNEASA RHS ARKREERE— FTITo 7

SHTEMIE. 532 nm O L—¥—2 AV, 672 lines/mm TEHER] 3.00 ., BHER 10 B THIER
?3:'3 fCo
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3 WRLBER
3.1 GC-MS DARY MV (HRIFEAR)

Fig. 2 ICHEEAETRLNIZGCMS D h—2 VA Z o< b 75 L (TIC) Z27RT,
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Fig. 2 Total Ion Chromatogram of the walls by GC-MS.

HIDE - I-BEEEZAZ /=) /7 2 (1/1v/V) I mLick b | BEBEL-0Ob., BOSEKC
KD FERBRBRO LBAKEREIL LIt &, ZOTICART M IVRTSVIERDTIC ERALTH-
fro TOHEEE 15 HIEZHML L. 20 LBRBERIEREL Uiz, 75 7 5B 6 FREOERE
ZiTole 73V TRHLTVWARE—SREGCFYESV—ASLHOBHUTL 3RYIAFIIIO
FYVHE PDMS) TH3, B, H. FOSEEROHMEED 5B5NZEHRO TIC RIcb T v S Y—A
I L HYEHT B PDMS Ao feiedd, TS5V rREDIOT M IS5 LENY Z 55V RELTEL
BN THATRIT o7z, ZORE, FRNSD BEEREICE L TV EEREAY L BbhaL2mss
HUte, BENEZNTNADOY =2, NIST 5475V —ic kD RERTo 2, RISER RT) 15.97.
16.93, 21.98 % 24.08 min IT 7 Z)VEET X 7 )VIR® 16.44 min ic TERHMHI L BbN B ELRL— I
BRlE N, Ela<BRENZE—2 L LT, RT 1558 minic 5 1) VEEXF NI ZXF)U. RT 18.71
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min &7V FVEEA Y TAENT AT )V, RT 1909 min ic/SVIF VBT FIVITZAFV, €LTRT
2081 min KAF TV VBT FNIRAF DB T, ZORTE, IUVIF VBT FIVIAFIVERTT
Y VBT FIVIRFIVAICH R E Nz,

Chiavari” 5&. Py-GC-MS IZ & b EIMEIR TH B MEMEE T X 7LD B DRIL/KEE (C8 ~ C24)
LEEZ RV BHEROEO—IVOBEEEZRHELEDT, ThoDBAMTHE T LERLE. it
Ribechini? 5i&. “FY XF VI 5Y > (HMDS) HE F TS BEIT o 7. TMS( RV AFIVT Y
V) BEEAELTCCMS HHZTo>TVB, ZORR, YT/ A FE. ZBRFE LR VE, €/
HIVRVEE. n-TIVA/—Rn-TIWAViEERBHL, YoV OEEERTEREER, Lhlk
Mo, SERHEUBEHERET R 7IVERST LEEWHROEDLFETE S DI TREL, 8tk
BRI EE{8EN3, &> T. BREDHBRERMOTRERRITETEAV. £/, ThOREEELT
AFVERZNT TV T ORRIC L B5BNE L EDNB T ENH B, —BRIEICIE AFIVIZ AT IVHEL,
—H. TFNVIZATFIVIZHERL LTHRIFITHAVS N B T B, Lied> T, SEDTFINVIATV
{t&mis. BEORWEZERZ2EEDOABNARBEIC K 2BERMOTRERLTETER,. —H. KR
WERLEDNBZ—2 L LT, bThias5 RT 12.96 min IZfERFEY T A7)V, RT 14.21 minic ¥
RSV YMYITRFV, FLTRT 14.50 % 18.31 min ICHERAEE MY Z V&Y FEECHYT BT AARY
FVEET BZEBMHNERE N, CThoDLAMIRERETOREN L LV E L OESREIMRHEEH
BERICH - T=.

WREBZEMNELT, V77 LYRIKalLA7Fa—)b (20 pg ZRIFE LIz (Fig 3)o ALATFO—)V
D TIC ¥— 75BN 4.89 X 107 IR LT, IRTOEET—HF RS BRIE NSV IFUVBTFIVIA
)V (RT 19.09 min) DI HEEET 4.42 X 10°, KBXRET 1.75 X 10°, ZLUTEBEET 3.81
X 10° Cholre Fie. TIC ¥—ZERESL I L AT 0—VA 101303987 iIc LT, FNEFNDOERE%
JEIcE % & 629764, 78367 BEX U 484771 & 20 pg M 1/100(200 fg) LUIFDETH B T L b o7,

RT: 26.43
100  a) chiolesterol AA: 101303987
50%NI.:4.89E7
0 T T T L B 0 B B e e B B e B BN AR B e LI BB DL WL L R B N B SR N S SRR B Bt S B B R
24.4 25.0 26.0 27.0 28.0
RT: 19.09 RT: 20.81 .
100 o b)blue AA: 629764 AA:492943
50 i NL:4.42E5 I N/\_Av\/\‘
" A A\ L A
0 sxd
17.2 18.0 190 20.0 210
RT: 19.09
100 o ¢)red AA: 78367 A
50 4 NL:1.75E5
0 LI L B B NN B NN LN BN L I L B AN N LN N BN N BN L NN N B NLBNLIN NUL NN B N BN L B L Y LB Y BNL N BNL I N N L BN LN N B B
17.2 180 19.0 200 21.0
RT: 19.09 RT: 20.81
100 : AA: 484771 AA:329753
d) black
50 4 NL:381E5 A . ﬂ 2103
0||;|II|II;|||;|-v||||(|||r|1-|1|r||1|;||||—||vvltl||r-||:-||||-|||||||-||-.||.||||
18.0 19.0 20.0 21.0
Time (min)

Fig. 3 Comparison of chloesterol and the walls
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32 EEEARE

EBEAETE., ThEnOaMBETZH D W - 2R ZRIEICH Wz, DEP EEEZM#A T o—
TDT45AY bFy FICEEERL, EERNTTO—JICEBRENTZCLICXDEREREZE,. &
LU B EEAA LT BFETH S, DEPICXVBSNIEY—ES S L% Fig 4 1IZRT. $RT
DEFEREE T 200 ~ 450 CHBEICMT THB OIS ZHE T B BRILKERR T Va—ViEnlT
ATIEERZATOA FERZET 2 LEDNBRGHERE Uiz, £z, 800 CHIET m/z 64 % 65
ZEUERLEMEBDNSETIRE L.

0.96
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Fig. 4 Thermogram of the walls by DEP-MS.

—7%. DIP Z&EFlA v Ttk 2@ 0 Ta—JIcHA L, BEERNTTa—7ICERERT
TeliZ&D, HZRAAY ThoiEb3 B KO TUL UIEREN AZEHE A4 LT 2FETH S, DIPIC
LW E/ELNIY—FSF Lk Fig. 510”9, DEP &FAKRIC 120 CHBEE TICEBOTMEEEZET 5
IATIVIRERZATOA REBEET 5 L Bbh 2ol Lz,
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Fig. 5 Thermogram of the walls by DIP-MS.
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33 FT.IR X% h L

Fig. 6 I3 T OEEEDEMERED IR AR FUETRYT, Fig 6a lZEHEHARDNEEZDE DD
ARY MV TH B, 1416 % 876 cm’ ITKEEE R TRIND,. F7:, 3406, 1138 R 671 cm™ ICEE#
RYRINA R Bﬁhj’: TEHORBIELRENMEEGLTVARTENART MVSALTSY—hbbhoiz,
7€ (Fig. 6b) REH (Fig. 6c) ZE S Fig. 6a L ABRORRAR SN, FUEEHO Lo ERARONT
WBT eHbholz, Chiavari” 5OEHMZFDED FTIR OMTIc L B L. FEZELSE. EaZRK, 56
R7 XS54 b (RESR) RLI T TNV— (AL FTI—RRBHILV YT L, F buVEDOREM)
LREINTVS, L L., SEO FLRFERD SHRARED 51X 550 cm™ [HEICBRIE hi=To—Fk
BRINE— I D SIKBIEAIN S I LEEATHWARZ Ehbhoi, ¥z, BAEEH S 1581 % 1400
om ICEREH L E BDNBBRINARY FVHRRIE iz, —F., BRET (Fig 6d h5i>5475Y
—LE—BLIEOPREENT, 1400 cm’ UTFROBEINARY FIVARE SN, FMEHDOEMTH S
TLhEZ BRI,

1138

a) wall 3406
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L L 3406

Abs

1.0

3549 1620 671 471
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3500 3000 2500 2000 1500 1000 500
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Fig. 6 IR spectra of the walls
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3.4 Raman A% bV

Fig. 7 IcT N T OEEEOBHEREED Raman AR MVERT, K& (Fig. 7b) ©FE (Fig: 7d) ZEH
5, #1600 cm” LLETARY FVEEN EMNDGEITZ T L SERIMSDHNENR SN, FREEE
X 273 211 cm’ ICEELENERIE N, 5475V —bhERM HgS) THB T LAbh b, KAV
EhatEe LT, BIE&KZI TREVWT LHASEOERI SR E N, BAXE Fig. 70 »5ixS
LTS5V ——HITBEDNRYUIET ., BEART MVASTENT 7 AA—RUTHBENEZS
hiz. -
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Fig. 7 Raman spectra of the walls
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SEOEESRE, . ERLERHE LIV E S KAV TV AEESICHEYT 3RAZRINT 5T LB
TERD >, BERNEELBSHMH L. CCMS ICHREEAT B C & T, BRIEHET X7 IVES
BWBRIE N, BIHEES VU LY FEEEDNBIAZARY MUAERIE iz, —F4., RNEEFE
BEAETHAETSCLICED, BEHRFESHETANESEET A7 NVI—VIEWLIZ ATV
BERERATOA RBEEETELEDNIRS BRI LI, Eie. FABIUSTUHNEICKD, B
EEEOEHMEHET B LN TE, REETIKBLAL Y LLER He) ». BaEEmE7EN
77 ZAH—RY L1 B A DEBELAMHERICHVSNTWVB T L ivbh o 1o, BaREIER 28
THT LN TERD o, EELEROBESIICOVTIRSROBEL LT, AANEBEROSTVER
DR L SROBEEEEMMRDEEAILIC L B0 ETS T LItk b, RIHBERERSEOLAME
RRIBE DT EHIBT NS,

BE R
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