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tca2utEddu - AFEAD FoHad A EFEA S o] §5to] BB A FH3 G/ E YRS S
oot A3, A WA AHE 5 AU R EEHA gotth gA AL AF5HYL BEY A RAES FAs
YL EtA AT Y YA v HF -14.7+2.8% (-8.7%0~-18.4%,n=9), A A A AT Y YA v HF 6.2+1.1%(-4.
A%0~1.6%0,0=9)2 et gt o] ZF & H3Eo] 2YH S EJA FHHAS S FAT = dE= Aty 2A
T Ut 2 AT Z2LGE=AAFHLL EH S 2YS E/| W S E AEE Yo AL 2 A AHZA
GAY E7] S0t ARG SH de Fad AEEATT AR JgE.
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ABSTRACT We studied for the chemical characterizations of the charred residues obtained from the ancient potteries
in the Proto-Three Kingdom period from archaeological sites in Joong-do, Chuncheon. Organic components of the
charred residues were extracted and analysed using mass spectrometry and infrared spectroscopy. Lipid profiles from
these samples were not identified in gas chromatography-mass spectrometry. Bulk stable isotope analyses of charred
residues was used to infer an average values of the foods prepared. The average carbon isotope values (613C) of the residues
are -14.7+2.8%, (ranging from -8.7%, to -18.4%, n=9), and nitrogen isotope values (§'°N) are 6.21.1%, (ranging from
-4.4% to -7.6 %0, n=9). This is the first approach to analyse charred residues using stable isotopic method in Korea. Charred
food residues on the interior surface of archaeological pottery can provide valuable information about pottery use and
dietary habits of its population.
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E7] ol dolSle SRERRE TA] AE 23t
£ Fohe] 2o s HIsh] 93 A7 FEshE
B4 gkehs B oz LS 4= Qo) 7P d e ol=
FEeh 24 S B7] W7 2o Boigle F3=
o] FHiE dAE ARG o= FEstAG AA ],
TR AN S B3l FEolV TR v 2AE HE
sk Bgolt). F2ols E7] &l FolgleE E8S A
A% & FARR AN o2 WEste] AE9] T4}, £5,
270 59 P& T6k= 4F EAl(replica)Ho] Al=E1
QJtKSon et al., 2010, Hangang Institute of Cultural Heritage,
2012a, Shoda, 2013). E3t 4B £¥3 =a<(starch
grains) 2| FEi7} FHE = EAS &3 FAY A= TS
ABR= AE BAHE XY= T QI Messner ef al., 2008).

gleha] 24 o2 kAT 2utE T u- AR A
(gas chromatography-mass spectrometry, GC-MS)& 3
E7) Yol ZEdh= f71E 7Rt AA 2H1E 5 A2
AR A HIEE BT EN 2 2EE SR §
4 Be AEAUAE 97T 4= ok E3E FE oSt
Z QA B3 H(Fourier transform infrared spectroscopy,
FT-IR)Z &3l f71E5 A8t Qe & A2s &4
sk 724 542 sol 4= 9.

Aol A4 FEHUAL EH(C, N stable isotope
analysis)= §3l F2hE0] F2iE AgAdY 79S¢
A A4 4= JtH(Morton and Schwarcz, 2004, Shoda,
2013). B7] B2 tigh g5 d4 A= DeNiro

9} Hastorfo]] 2J3f] f-2A|olA 2= AEdqA o ofgt
ek3}d effects of charring)@} “1of| w2 g4, A ¢HY
THEAE Y WsE WS A2 RE AFEHoH
(DeNiro and Hastorf, 1985), 0| % etslE 58t ofuz}t
E7] Yol Folle F2HE 58 2= @771 o] F0iA]
31 It Morton and Schwarcz, 2004, Gregg et al., 2009).

el £7] SHakRe] thet TSHY AT A9 o]0l
A4 Skeh. BT Q8 FAE AT SBE SN 25
A7) Al E710] SRR Bae AT B -5 AR
o] 72 BAEgon], zolAsiel BeEl S Sels)
2] ¢3kth(Hangang Institute of Cultural Heritage, 2012a,
Hangang Institute of Cultural Heritage, 2012b).

2 dFolAe 4 =T 78 W dasAH F=AA
oA EEH AEAFEE7| dot gl B2E gk 3}
32 BME e 2N gAY 7 AN A" &
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2010 9 139EE 2011 5€ 3147kA] (A&
S AT AT AtrHERTHAE] A &
FET S5k BAT B3] T2 At 3o A LA A
o FAXet 8, E7|UAE Fo] RI=ck(Figure
1)(Hangang Institute of Cultural Heritage, 2013). 37 %]
oM EEH FAFEEY] 7kt 2E&H0] "ole S
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Figure 1. (A) Map of Joong-do site located in Chuncheon, (B) Plan of excavation site (Hangang Institute of Cultural
Heritage, 2013). Blue arrows indicate the building sites in which potteries for this research obtained.
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sols}7] $iste] x| o)@a) 7 (DG-3x, Scalar)
o x259h x509] &= 7] VS BT 24
Slak Al fEo) Erlo] £A4HEA) R MglolN 4%
w0} WALE o] g3to] Eefahelck. A2 A% FAelA
Agolt $7] 250 oat B4 A 20| 20 W8]
Slsto] etels A7-E 25Tt A ARE B4 A7
§71% A2 HE BIHRH 30% ol3hel A B3tk
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ol flo
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23 Held BHEY

7189 287 (functional group)E Tketsl7] 9ste]
FTIRS 434310}, B40] A2 A =s oheaka2 87
Ba5}o] diamond crystal o] 2R3 3 ZHA] AUARY
(attenuated total reflection) ©.2 A5} th FI-IR £4-&
Z 2] A EF-E X 7] (Nicolet iS5, Thermo Fisher Scientific)
£ ol g3tom, £4] Wl (range)i= 4000~650cm™, £

(resolution)2 4cm™, A7 F14x(scans):= 163] 0|t}
24, IIATZ0IEO D] EEHEN
2HE 9 Apake] Y8 B4 95t GC-MS £4&

235t uhenlxlE 24 Bt A oF 10mgS ek
&3 SERIZ2:1 vl B F 1584 23 230}

No.22

T FHolM EE2E HAEAL 27| B2 tHE slefy 24/ 24, XdH, AEX, 34 | 439

B4E Stk QARE o 297 B FEBL o3t ¥
AXE FH3lo] N, O0-Bis(trimethylsilyl)trifluoroacetamide
2} 1% trimethylchlorosilane2 -F=A|8} ¥H--2 A A3}
o FEAE S = A 71 st A sstEen XHE
Mo hexaneo] HoIHch GC-MS A Hepray]
(5975, Agilent)7} 2] 7|32 20kE 12)w](7890N, Agilent)
£ o]83t5r}. A2 DB-1HT (30mx 0.32mmx0. 1 m, J&W
Scientific)& AMS-SFHIL 28F 7| A= HeE AMESHLS
4o |4nl/mine® AR SxERh ARE split
(10:1) modeo] A A5 A|BFYRAIE o185te] 1nlE F
datglct FATe] 2&& 250C o] Ay 2%& 50T
oA AlRste] 10C/min O &2 524171 3 320 Cofl A 587t
FAAA 22 kelrh £42 scan modeE F3ll 77159
ZAAQ1 A =2ukE T73) 9FA(total ion current chromatogram)
9 7} 249 Az AU EHS SIS

Bakgo| Bhao} A4 PP EYAAH] BAL olsto] 4]
BE neux 2 FA B3 5 oF 500482 tin capsule©]
Yy ea-AAh Y4aEA7)(Flash 2000, Thermo Fisher
Scientific)7} 2% A F L4 AFEX 7] (Delta V
Isotope Ratio Mass Spectrometer, Thermo Fisher Scientific)
2 BA31gtk 6°C9} 6°NS +2F VPDBE} AIR 9] 27
BEARE V1EoR 2Puon, FAEsda: o
& 4o} oJste] AXFEIICH
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§= |———— -1 |x1000 R=
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Figure 2. Charred residues sampling on the interior surface of vessels (upper) and types of potteries (bottom)

(Hangang Institute of Cultural Heritage, 2013).
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Table 1. Specimens list from charred residues on the pottery from Joong-do site, Chuncheon.

. Measurement . . Collecting
No. Sites no.  Pottery no. Type ( cm)* Specimens list volume (mg)
MD 13.8 22-1 126.39
2 22 Hard Mumun Bal hae 222 25.18
Building site BD 8.7 22-3 116.19
no.7 MD 12.1
4 25 Hard Mumun Bal s 25 138.50
BD 7.3
5 Building site 76 Hard Mumun Ho, rHT 16.6 76-1 84.21
6 no.10 bottom BD 9.8 76-2 88.77
7 226 Hard Mumun rHT 15.2 226-1 187.19
8 Building site pottery, bottom BD 7.4 226-2 623.21
no.16
Hard Mumun rHT 6.5
? 227 pottery, bottom BD 12.8 227 115.52

*MD; mouth diameter, HT; height, rHT; residual height, LD; largest diameter of body, BD; bottom diameter

Figure 3. Images of potable digital microscope from
charred residues on the pottery. (A) No. 22, (B) No. 25,
(C) No. 76, (D) No. 226, (E) No. 227.
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Figure 4. FT-IR microspectra obtained from charred residues
on the pottery.

o= Busty QIgict vhd 2535, 22735 7| B
ol AA TEHUTH(Figure 3). F2kEo] S23 224,
769, 2269 24 27) Aol AH AU FAFE]
ol gFT A2 25} 2272 AA F9jof| A FolAl A
FoHAct. 248 A 2E A3 2= Table 174 Ltk

3.2. FT-IR 24

BEo)| 4] 23+ A B diamond crystalS o]83F ATR
o2 ZA5HtHFigure 4). &4 23t oftlo] &3 N-H 4
2= 7} 3330~3201cn ' oA UERGom, 1580~1568
cn’ ol FEAFWMETL SIE ATk EFE 3400~3200cm
of| A 224l 9Jgt O-H 415215 METF TA Uelges
1390~1330cm™ oA O-H & AZEM=7] stolzQic). E3t
917~911cm ' oj A= P-O-R Bi=7} Lyelygo).
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Table 2. Result of stable isotope analysis from charred
residues on the pottery.

T FHolM E2E HH=AL 27| B2 tHE stefy 24/ 24, XYH, AEA,

Table 3. Grouping of volume ranges with pottery types
(Hangang Institute of Cultural Heritage, 2013).

Sample no. §C §°N C/N
22-1 -18.1 6.3 10.8
22-2 -18.1 6.6 11.5
22-3 -18.4 5.5 11.4

25 -8.7 6.0 7.9
76-1 -12.3 7.5 10.4
76-2 -12.8 7.6 10.6

226-1 -14.1 4.8 10.5
226-2 -14.7 5.0 10.4

227 -15.2 4.4 10.3

i
mmm\k 2 alo mnn‘ A 1200 I 140 ‘ ‘vs‘m Juﬂ;&. M

Time (min)

Figure 5. Chromatogram from charred residues on the
pottery 226-2.

3.3. GC-MS =4

GC-MS 242 F2& A&7 o] F&3F 22-1, 25,
226-2, 22791 gtste] AlgHA o2 PSR =T] 24 2
3} BE ARl 2ol 1w o] SARH et
(Figure 5). MS 2o|22l2|& olgalo] 7} A2 Hejd
=4S TS W A2 E3 A dXET. F4E
£2 5 78 3= AYSHIea S3HE(pentadecane:
12.695H)1} ojmlo] & 315HE(9-octadecenamide: 18.34%)
ojglon], Aot A8 5} 2o] HAEY ARE

TEF S G Solela AEHA st
34. IRMS &4
£7] SRR Bha, Ak Qb EYAs B At By

ek P9 A 1)(6°C) -14.7 = 2.8% (n=9), DA

FEL YA (6PN 6.2 £ 1.1% (n=9)2 Uehge

Volume group Small  Middle  Large

Pottery type size size size
Hard Mumun Bal ~2L 2L ~4L 4L~
Hard Mumun Ho ~5L 5L~10L 10L ~

o, B2 ) 2ol 240 H|(C/N)E 7.9~11.5¢] £2
B tH(Table 2). 73 FA oA 2EH 22¥ S+ 372
oA eHtEe Y et on P E AR AT} §7C
L -18.1% ¥ -18.4%, 5 °NE 5.5% %€ 6.6%7HA 1}
ERgth 259 S B7] B BE s w2HE9] ool 7
o(A $IAE FEBIA] P YEE AFHsHHen, AAF
o1 BA Aat 6°Ct -8.7%, 6N 6.0%9] 7H
EFAth 103 FAR A EEH 76H T2 T oA
B2 E A 22 fFPetger 6°CE -12.3% 3 -12.8%,
PN 7.5%09F 7.6% oA 2zt Urebget. 1635 FA R o)A
ZEH 22691 E7|9} 2279 E7]9] 54 4 E
T} 226 E7)9] AS §°CE -14.1% 7} -14.7%, §°NL&
4.83} 5,004 Zrz- el on, 2279 E7)= §°Cr}-15.
2%, 6N 4.4%, 3+ LJEFHTKFigure 6).

[t

4. 1

£ FETF SFE BAT 749 BV 24719 7
Ao A -2 SEEH U £7] 3297 7hed| FAFREE
71 AA 66%(295)E AAsH, AA 718E & 4= L
= 4139 BAFTEEY] 7R 17- A FHApEo] A
Hoick O F AAREEY FAES 277 F32l
gl A E QI & AFolA T2 FAX S 228, 25 &
71e AA 718E € 5 U= BAFL g, 8
oz B3t o 22Ho] 32L 2 FFF, 25 152
2ol &3kt 105 AR A EAE 76¥ E7)=
BATEZ ARHeRE FAFGOY HA 71Fo] Hot
QA 7] whioll £719) §72 2 o= glich AA|
718o] ot $le AEAFEE 7kt FAE S &S L
nRte] g oA A 2269, 227H- AR
E7]19] Ao sigsit 2z Qs A 7180 &
e 4= gl}iti(Hangang Institute of Cultural Heritage, 2013).
AFo]| 772 TH ARG 229, 25 E7| 9] H]ste] &
Aol W& 769, 2269, 227H E7]= HAAE AMESH
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A=) el AR A A 2% 2GS FAH] 9]
3 Zpagk o7t aPEIgleh. B3 ATjE0 2 g
ot gl 32hg o] ofo] He 259} 2274 E7)E Al
2] A Bleo] Aol N 247} FET A AR st
7Rs k7] thEe] AN Folmo} 7 o) AR
= Susierh £ a7 24 olgs f80] 4 Hef 2
AT AR B2 D] FATH BB o Kol
7} SISITh B3 F0 fB0|9lY] TR T 9] 4]
A RETE FRY 4 YUOHE AR SRR A
a2el 247t Esrk

FT-IR 24 27} £7] 222 o] §71% 44o] 23t
o} gl A 02 FelFgieh. FLIR H4) 4 35402
LpeR P-O-R HEE EoF W) -4 2 (humus) 258 £
Ht AOE A glon, ofnl, gg AGe] Jat W
=7} 2 Lhehhs 2= $ A humic acid) Ei ZHAF
(fulvic acid) 5 R4} )8 Ao 2 5 glrf. 2o}
olels A7t wabgo] mFolA] St B4l o3
HE 0 @ugichs 22 gulshe A ohith A28 ¥
A o uhg 7|7 5 EFonRy ogdH AU 4

% glout BaE A 5718 By Lol M A4E
A AR AT 4 ik 5] Rakgo] Tkel 3)
L ehaol W4 B8 BT AT} 791152 Uehgrt o
HH02 QA Bl feker $AISe Bast A
vl S004R0 R Bhao] W) av} AtjHoE g
932 3E vUshlie Zez RaE vb Sltk(Gjessing,
1976). W2kA] FT-IROA 578E FAES2 &5 29 9
gk egolgtr|Het FA] 2] sl FAHE B2HE
o] 27l A7t Fet HE ot ol o el EHA AHE
Aoz AT E3 FTIR Z3 225 0] EoFo] 14
EolA FEACE steete e A% o 8
Qlo] opd o= Hetdk 4= Qich

SHotE f-7]2(char)E £4517] 13 A A2 A A2
(total lipid) & $&2 IthK] E£X] YtH(Craig, 2004).
GC-MS £4 A1} HaZoA AYEed}ps SHE
ofmpo| = SRHE 5 EY f71E0l4 &3] AEEHe 4R
o] Yepgtoyt Aoy 2HE St o] T84 4
ARE TEY 4 e ol AEEA gt /71
=2 R oA A Rafsta BaE 4 Q7] Wi

¢

T
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Figure 6. Carbon and nitrogen stable isotope values of charred residues from potteries.
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o REFE7H A =
“akel] ok, weba 2
g 5 AP BE st Aol B
29 §714 B2 £A517] $I5te] IRMS £4& 4
A3tk

G 4B 3 2o B9 §°C g2 BgHe=
-33~-2200 0]l BESP, Cy AE (5, 71 = 5)9 35
§°C e HEHozZ -20~-10%0°] EZ3cKBender,
1971). R2E0] IRMS 4] A3l 22 C4 422 WY
el Z3=e g 7B RAEY) Fa A7 AE
olES & o Utk E FHE AT A=) F A
A PP E AR Fhol oF 4folw, T A &S] F ¢F
J5-Y YA gho] oF 1.5% 0|82 2278 E7]9] S F=2
HFR] A8 Bdo] BatEo] 9SS BT 4 qlrt
ik A o= ghaol i MY E 4 gholl ol Z
F 2 ZpolE UEtd 2235, 255 EV|9} 765, 22735 E7|
o HAE 3] AsiM= BE719 B4, 244, FAA
] TA Fol FFH o2 1eEojof & Aot
E7)9 FH), &2Eo N 5 s ArE = 0
o|flo] AE FARRE7|= 2o AHEE R A
Holl Edo] itk & dFolMs g2ke 422 sk e
2 BAtezy olF H3tA oz YFstast stglh 1
Ay 2 T FH0N SEE BEAFEET] 3298 7k
o & Atell SJ=E AL 539 AR ETSIER, o] f
X9 2Pl it FEE SGEsh=t A7} AUt
FF ol FARRE A ATE TR FA ARl g
AA o] FZ3] Hsirls BAE0] Hot e =
7100 gt Wehet B4} vEo] |24 £, B719] g4
I oJF, 79 §40] FHH LR 1 Fojop & Aol

2 dFe 13 FAR A SEE BV g 97
o 3}5Ha AW A8 shuhe] W EAQ Aol
E3| FT-IR, GC-MS, IRMS 5 47|15 B4 FgFo=
N3l Bt opat Zhzke] who] 2= gjet 9o
& AXBIGTE B Taoh Ao YT YS B
2RO {715 B4l AEe S R ARIZA FF 0]
A3 AT SRt £7) ARt ARE B3t Aol o
TSR AHEEATLE AR 7|k

®

o

N

oL

54 B

24 FES §H04 2EE E7| 222 4R 7

Jo

o

29) 4eh2 etsl g on] FLIR £4& 59 $2H80] §
e PR 8 o] BN fefsks 24
29l Hlo 243tk GO-MS #4] 23t dukdel =
oFoll Al FAHEE A YETeld SR ofulo] = 81
Bo] AZEgon 29 §& BE BB 442 3
Q1T 4 G Bol AR AE A Qkeh. At 27 ¢
B0 vk, Ak PPESUL BHLS B 22 G A2
< 313 4 93t

4 O QA FAX
whaEol that Beke 1
& o N B9 FAL B0 F5Y
o % E7) tol BESE 47189 A, g5
T A4H Holguo] s 75 B3l B AT =
2ol B 4 Y ARE BT JIoheik

AL A}

2 A7E flst A 7 A=RE A=A ()
A Aol A=Y
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