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The Scientific Analysis of the Archaeological Soil excavated at
bunto-ri, Haenam and kumjang-ri, Kyungju

AR HURES), 3 9 FieEH)
Se0 Mintseok, Kim Min-hee

(ABSTRACT)

The work focuses on the chemical analysis of organic residues in archaeological soils. Particularly, the
detection of manuring in archaeological soils can provide important information concerning early
human behavior, diet, parasites, ecological adeptation.

In this study, archaeological soils excavated at bunto-ri, Haenam and kumjang-ri, Kyungju were used
to assess the possibility as indicators of ancient human activity in archaeological areas. The sampled
soils were analyzed soil color, pH for their physical and chemical properties and GC/MSD to detect
and quantify specific compound.

The results showed that the sampled soils were normal pH(6.8~7.2) and soil color of light brown to
yellowish brown. Also, the result from the GC/MS analysis indicated that their compounds were
hexadecanoic acid, octadecanoic acid, nonadecane, docosanoic acid, methyl ester, teracosanoic acid
and methyl este from bunto-ri site and 1-heptadecene, cyclotetracosane, tetracosane, cyclotetracosane,
1-docosene, n-nonadecane, tetracosanoic acid methyl ester, cyclooctacosane, 1-nonadecene, eicosane,
cyclotriacontane from kumjang-ri site. These compounds are not only normal soil materials but also
animal lipid compounds. And the more scientific analysis of the soils will solve a curiosity for

artificially incoming.
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FAZE AgeiA Aol Frhde] dxE BEYARS 2g4 gol A7 2eA 550T2 1A3F 30
=+ B¢ MG A7 SA] A AR ARl 2o 7 LOILoss on ignition, %)4= o|&3to &
T2 549

o, Soil pH &8 & A& 9 5579 152 8t 25Tl A 1A7F WHA3H 5 pH 4,013
1zl pHZA 7](Schott instruments CC 843P, Germany )& ©|-43} 3 8,

F718 AR R4S CO/MSDE S¥Etdsd, EARE CHCI3CHIOHR:, v/v)2 Total
lipid extractiondto BSTFA((N,O—bls(trlmethylsﬂyl) trifluoroacetamide)-1%{v/v)
TMCS(trimethylsilylechloride), Pierce Chemical Co)2 §E=3=5 A7l T CC/MSD(Cas
chromatography/Mass selective detector: Agilent 6890/59731, USAIE o|&35}9 SCAN
mode 2 AT RAAAE Wiley @ NIST library® ol 45te] 7F o4 wjA(Peak

matching)-S §& A& 245 AA sy

I 24239 23

s FE FHA AR No.l BEYE gk 4 o] B} ofibyg o BYEE 542 UHH, &
71E o] geFE Qb ARl B A7 Aol 7 vA G t2t B7) U f71&6] EA4 s8] A
A2 AZHT, AR No.2 B A% 2o B4} ofb o] Bt 545 UEHUH, 7718
o Fa 2 GRb A BoRA A7 Aol 7 At mef B2 i {788 E4 70l A gl
2 UETL AR Nood B A2 248 B4 oy e] BEFEE SA4 S YEUH, 5729
e QubA Y B 2 Aol YA gl get EVIU G754 470l A 612?&
et A 289 fAA Alge A ges FAAS Hyon S48 pHE ZIH, &
7NEYE oy EE L B gol Auoia 22 A0 AU ST Table 1, 2, 3).
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5 Kim jung hyun - Motoyuki susuki, Mitsumasa Okada, A study of coprostancl as an index compared with
coliform group of fecalcontamination in river water, Journal of the Korea Water Pollution Research
Control, p.71~78&, 1986
6) Tatu, A M, E.H Ahrens, Jr., Grundy, Quantitative isolation and gas-liquid chromatographic analyss of
total dietary and fecal neutral steroids, Journal of Lipid Research, vol(6) p.411~424, 1965
7) Bvershed, R.P.. Advances in silylation, In Handbook of derivatives for chromatography(ed. K. Blau and J.
McK. Halket, p.52-107, Chichester, UK:Wiley), 1993
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Table 1. E& MA =5 A0

FEA N Eg M
No 1 2EYRIjL, HAF LM
e 2EE No 2 7.5YRE/8, Tlgt 24
No 3 7.5YRb/6, LBt 244
A Z9 ME EY 10YRS/4 BZY
A= 2aa) B S+ DA E £, 10YR5/4, 5/6 LM
5¢ DJAE £ 10YR5/4 BT Y
D AF HEtHo® HZM D32 LMo
Table 2. EY pH &40} Table 3. E¥AIE 9| 0|5}5}~ Az
AR AERY  EY pH REX MR EE
No.1 oA A(5.14) No.1
aff &t 2 E2| No.2 oA A(458) o e 2 No.2
No.3 OHpL(4.28) No.3
A-1 4722 A-1
A2 ZH723 A-2
A-3 M2 A-3
A-d EH70Y A-d
A5 =4733) A5
B-1 £4(686 B-1
B2 Z4(655 B2
B-3 oA 4(5.56) B-3
B-4 4709 B-4
B-5 £4(6.99 B-5
C-1 4669 C-1
-2 =4670 -2
A= 25| G-3 ZM(681) 43 gk C-3
G-4 ZH(693 G-4
G-5 EH(667) G-5
G-6 £4(688 G-6
-7 =4714) -7
C-8 E4(658 C-8
C9 E=4(654 C9
D1 =HT24) D1
D-2 86,49 D-2
D-3 EM(6.77) D-3
D-4 4653 D-4
D-5 =4677) D-5
D-6 ZH(634) D-6
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A ZEQ FHA AR No ¥t No.2 EGE 471748 4 Za g2 53 Hexadecanoic
acid, Octadecanoic acid A& A Ao 2 24 dk= £2 o] miet B7] ff A% sl £2
o AH-02 253 £ ¢l 702 e thFig, 3). AJE No.3 B2 57148 &4 23} No, 13}
No. 29| A 2% {7 Hexadecanoic acid, Octadecancic acid 4+ ©]2¢] Nonadecane,
Docosancic acid, methyl ester, Tetracosanoic acid, methyl ester7} £ 5h= 7122 &9l ﬂo*
ARk, o] AR ER AAA ] hRE EA 5 EH Yol wet E7] Ui AR oW EAH S YRR
Z3}17] o3 Ao 2 AR EHYcHTable 4),

Abundance TIC: NO1D
4000000

3000000
2000000
1000000
A

Tine-> 10,00 1200 1400 1600 1800 2000 200 2000 2600 2800
Abundance TIC: NO.20 7]
4000000

3000000

2000000

1000000 M\_rr_ij_'
T B T T A- T T T T T T 15

Time->  10.00 1200 14.00 16.00 18.00 2000 2200 24.00 26.00 2800

dbundance TIC:NO.2D M)

4000000

3000000

2000000

1000000

Tine-» 10,00 1200 1470 1600 1870 2000 200 240 2600 2800

Fig. 3. dll'd BE2 £8A EYAZ £7(29 JfAZZ20IEDH

Table 4. slie RE2| 4% EYAE 77|EE =M

No. RT Conpound No.1 No.2 No.3
1 1087 Hexadecanaoic acid, melhyl esler O O O
2 1292 Ocladecancic acid, methyl ester O O O
3 1465 Eicosane 0] 0] 8]
4 1531 Nonadecane - - 8]
5 16891 Docosancic acid, methyl ester - - 8]
6 1875 Tetracosancic acid, methyl ester - - 8]

A 4 F4AY A B, C D &Y EY A=+ Tetradecamethylhexasiloxane,
Hexadecanoic acid methyl ester, Octadecancic acid methyl ester @] 47] 40| A& ych
Hexadecanocic acid methyl ester(Cl6:0)= AP0 2 284 Ao FEwo] 9o ol
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22 QOctadecanocic acid methyl ester(C18:0)0] 4%ttt AFY 5 A-19A4 E458 1-
Heptadecene, Cyclotetracosane, Tetracosane, Cyclotetracosane, 1-Docosene, n-—
Nonadecane, Tetracosanoic acid methyl ester, Cyclooctacosane, 1-Nonadecene, Eicosane,
Cyclotriacontane A+ C16:0~C24:0 3} Aqpate 2 584 Adtof 4% T5-50 §i= A& 9
tHFig. 4)(Table 5). BEH ] 57) AF oA 2= 28 vjd o] A £(Tetradecamethylhexasiloxane,
Hexadecanoic acid methyl ester, Octadecanoic acid methyl ester)o] F=% o3 thFig,
5)(Table 6).

Abundance TIC &1.0
Te+07
5000000
o L i T T i T T T T T T 1
Time~> GO0 alo 10.00 12.00 14.00 16.00 1800 20,00 22.00 24.00 26.00 28
&bundance TIC: A-2.0 7]
Te+7
5000000
o _L-L‘_L . T T = T T T T T T T 1
Time-> B ﬁU B.bU 10.00 12.00 14.00 16.00 15.00 20,00 22.00 24.00 26.00 28,
Abundance TIC: A-3.0 [7)

Tesl7.

5000000

D»Jﬁ-—A-mLLA__JW__,nm» J\W_“H_M___JJ\

Time-> 600 &ho 1010 1200 14100 16100 13700 2000 220 2150 2600 2
dbundance TIC: 4-40 [
Tes07
5000000
. L) | dhgggAﬂgg, N
Tine-> 00 wbo 1070 1250 1470 1610 1800, 200 220 2410 2610 o'
Tburdance TICA5D [
Tes07
5000000
o b N e
Time-s B0 abo 1070 1200 1470 1600 18100 2000 2200 2210 26%0 2’

Fig. 4. #% =dE ASY EY RUEY AR 0lE

Table 5. dF &2l ASH EY W R7|eEEHe 472N

No. RT Conpound A-1 A-2 A-3 A-4 A-5
1 6.10 Tetradecamethylhexasiloxane 0 8] o] a 8]
2 1087 Hexadecanaoic acid, melhyl esler 0 O O 0 O
3 1292 Ocladecanoic acid, methyl ester 0 O O 0 O
4 18567 1-Heptadecene 0 - - - -
5 1568 Cyclotetracesane 0 - - - -
6 1661 Tetraccsane 0 - - - -
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No. RT Conpound A-1 A-2 A-3 A—-4 A-5H
7 1750 Cyclotetracosane a - - - -
8 1775 1-Docosene a - - - -
9 1849 n-Nonadecang a - - - -
10 18,74 Telracosancic acid, methyl ester 8] - - - -
11 1929 Cycloclacosane a - - - -
12 1954 1-Nonadecene 0 - - - -
13 2026 Eicosane a - - - -
14 2099 Cycloctacosane a - - - -
15 2105 Cyclotriacontane O - - - -
16 2123 1-Docosene 8] - - - -
17 2199 Eicosane 0 - - - -
18 2287 Cyclooctacosane 0 - - - -
19 2416 Eicosane a - - - -
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Table 6. 2% 32 BEY EY U RUIaEYe 428

—Ho
Az

No. RT Conpound B-1 B-2 B-3 B-4 B-5H

1 6.10 Tetradecamethylhexasioxane
2 1087 Hexagecanoic acig, methyl ester
3 1292 Ocladecanaic acid, methyl ester
Abnundance TIC:CAD
5000000
Times 600 alo 1000 1210 120 1600 18100 2000 20 240 2600 2800
e TIC £20 9
S000000
»AL—«k L M_—J\\—AJ\——/\ML [N
: . - : : - - . : . . .
Tme> 600 a0 1000 12100 1200 1600 18100 2000 20 2400 2600 2800
Abundance TIC: G300 (9
5000000
L L . l
; . . : : . . : . : : .
Tme> 600 800 1000 12100 120 1600 1810 2000 20 240 2500 2800
Abundance TIC:C-4.00%
S000000
T A T l T Lf\- T T T T T T T T T
Time> 600 aho 1070 1270 140 1500 18100 200 2z 240 2500 A0
apundance T Cs0
so000n
ol B2 pops_m__ sn
Ties 600 500 10100 1200 1470 16100 1200 2000 200 24m ®m 2810
Ehundance TIC CED )
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ekt N, YT
Timews B0 a.bo 1070 1200 1400 16100 1800 2000 2200 2400 2500 28700
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k LA I | o
Times 600 &bo 1000 1200 1400 16100 1200 2000 200 24m & 2800
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I A T P g e e
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Fig. 6. &% a%e C&8l &Y F7|=8 7Az=rnead
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C%3 & C-29A = Hexadecancic acid methyl ester, Octadecancic acid methyl ester
ol e EY Az Blaste] A ALR oy A Hol g on ol Fokd FEA Aol 4
ata 9= Zle 2 AR oA chFig 6)(Table 7). 92 AR2E Y& D AF o= 59 o
2 489 #F(Tetradecamethylhexasiloxane, Hexadecanoic acid methyl ester,
Octadecancic acid methyl ester)S AT A 2 A Ao]7t g 7102 Bl o] 3 thFig,
7) (Table 8.

m/z 2159 SIM mode w4 Z2db, AL wral 4 9l= AE¢ coprostanol, sitgmastancl,
campestanol 5IF 2 stanol A& 9] A HEEA 2okt AlE ol oigt FEgh 24 1t &4
S Y= do 2HT Aot 5 AE FA U standard bio marker)d] 7o) 845 of
e CEEEEES EE TR PEERETER L

Table 7. &% 3% ? EY U Rrletade 422
No. RT Conpound C-1 C-2 C3 C4 C-5 C-6 C-7 C8 C9
1 6.10 Tetradecamethylhexasibxane | o | o | o | o | O | O | O | O | O
2 1087 | Hexadecanoic acid, methylester] o | o oo O | O | O | Q| O
3 1292 |Octadecanoic acid, methylester| o | o | 0ol 0| OO | O] OO
4 1558 Cycloletracosane Ol ol - -] -1 -|-1-1-*
5 2416 Eicosane S R O 2 B T A A
ahundance TIC:D1.D
RO00000"
liia | L
Tines 600 ol 1000 1200 1400 1500 1800 200 220 2400 2500 2800
&bundance TIC: D-2D )
&000000°
S T 4 e s s
Time-s 600 alo 1000 1200 1470 1500 1800 200 220 2400 26000 00
Epundance TIC D30 (]
5000000
Time--> b. llflﬂ 8 Iﬁﬂ TU‘UD TZ‘DU ]4IUD 16 ‘DEI TBIEIU ZD‘DD 22‘E|[| 24 ‘DD ZEIDEI ZEIDD
pundance TIC 04D ()
5000000
= LJLML._}._ 1
Time-- E. llflﬂ 8 Iﬁﬂ TU‘UD TZ‘DU ]QIUD 16 ‘DEI TBIEIU ZD‘DD ZZ‘DD 24 ‘DD ZEIDEI ZEIDD
Epundance TIC B0 ()
5000000
a bl 4 i B
Time-> E. llflﬂ 8 Iﬁﬂ Tﬂhﬂ TZ‘DU ‘NIUD 16 ‘DEI TBIEIU ZD‘DD ZZ‘DD 24 ‘DD ZEIDEI ZEIDD
ahundance TIC: D-6D [7)
5000000
Mol o
Time-> E. llflﬂ 3 Iﬁﬂ Tﬂhﬂ TZ‘DU ‘NIUD 16, ‘DEI TBIEIU ZD‘DD ZZ‘DD 24 ‘DD ZEIDEI ZEIDD

Fig. 7. 8% g€ DO 892 EY R/[29 /A2 0tE0E
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Table 8 &% 2d2| DY 598 EY W R7|e=2Y 4224

NoO. RT Conpound D-1 D-2 D-3 D—-4 D-5 D-6
1 6.10 Tetradecamethyhexasicxane o]
2 1087 | Hexadecanoic acid, methyl ester
3 1292 | Ocladecancic add, methyl esler | 0 0 O -
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an index compared with coliform group of fecalcontamination in river water,
Journal of the Korea Water Pollution Research Control, p.71~78, 1986

6, Tatu, AM,, E H Ahrens, Jr,, Grundy, Quantitative isolation and gas-liquid
chromatographic analysis of total dietary and fecal neutral stercids, Journal
of Lipid Research, (6) p,411~424 1965

7. Evershed, R.P.. Advances in silylation, In Handhook of derivatives for
chromatography(ed. K. Blau and J, McK, Halket, p.52~107, Chichester,
UK :Wiley), 1683
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