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| ABSTRACT |

Fourier transform infrared spectroscopy(FTIR-ATR) was applied to chemical analysis for

conservation status of 10 human bone remains from Joseon Dynasty. The result of crystallinity
index (CI) is 4.2540.78, carbonate to carbonate ratio (C/C) is 0.9140.04 and cabonate content (C/
P) is 0.1940.06. The higher histological index (HI) confirmed CI and C/P value was increased and
C/C value was reduced. While C/C or C/P values analysis is possible. While DNA analysis can be

extracted from the bone, C/C values are lower or C/P values are higher was found to the analysis

is possible. Chemical assessment of FTIR and histological index consequence is expected to be

applicable as a basis for comprehensive understanding of the conservation status excavated bones.

Keywords : diagenesis, crystallinity index, C/C, C/P
1. A=
. T

0] &/ 2H-8-(diagenesis)> A9 9]
AA 9 2|k 5 i egol ofsf
o} zjofo] Uojuh= =2]4, 3Fsh4 Ab
S #H3} 34 o]th(Nielsen—Marsh and
Hedges, 2000; Beasley et al., 2014).
W oFEAe AR A A W AP
A& Al (crystal growth inhibitors)®]
ofsf 243t Jrer 2 EE AT AR
of AsljA|7} A A= w Ago] A%
o} HHAl 27| 7) SrvecE we] 2

Hato] AL WAL wolom Feba
B, wHAk A W B A3 5 5

4> dth(Berna et al., 2004; Surovell
and Stiner, 2001; Beasley et al
2014). o|e} o] wj & &= -
o2 EQHY3h w
we} 5]
A4 W3

= wat

wo] B et u o] o3k @,
25, H%, pH 59 9 W 5o

2 oA QJcHTitken and Vennemann,
2011; Beasley et al., 2014), ®W2] 3
! AR Fepdll ARSRRIE A
(hydroxyapatite) 2] w4+ % HokE &
Sk HA4E Ae= BE AHE oels
7] $13t Fash AR g (Carden
and Morris, 2000; King et al., 2011;
Beasley et al., 2014), w2 K& A
HE Brsts o Ao &
HEAH (Fourier transform infrared
spectroscopy: FTIR)¥} XA ]2 H A
(x—ray diffraction; XRD)& o|-83F 2
A3t Aw A, 228k #4x(histology
index, HD)®} ¥=+&(porosity) 412
o ©hHe] K Afef uhoty) chuz
St (protein content) &4 5o] it
(Nielsen—Marsh and Hedges, 2000).
= Z%Y(osteon), &=A|3E(osteocyte),
sl Aot ¥H(Haversian canal) 22 ©]
ol Agic, HAL ShACL T, b

Z, Ta7FOR o|Fo]Xl wo] JLTe]
= 5 94 &S o] 9lrh(Fig. 1).
Hiz= W ob 220) B Jels ohef
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at7] g8t et AR TasA B el BlES ST EN A
S vt o &2 63A(0~5)E F7ke AL, o] H[&9] HEk= el 7]&7]
ot HI 5= #9] Ao wel 7p7ke- e HtE EAR &, Cles 2437t 5
o|al, 0= HIEEAY FX7F i - 7Skl whel Hx}p EeEal FTIR A9E
HAA S otz 4 gl Aot o) A FdollA 27]2] =7t /4%
(Hedges et al., 1995). CHNielsen—Marsh and Hedges, 2000;
Thompson et al., 2009). C/C+= m A]&
oA Holdli= B T1E (o] solHl=
o 4= 9lom, C/P= M AlRo] Holdl=
A 1Ak 9] szo) BE Fef ALk
CHThompson et al., 2011).
oA = FAA A ZEH <l
2 HolAd FYEA(FTIR)
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Fig. 1. Cross-sectional structure of the bone
(Robert et al., 2009)
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Carden and Morris, 2000; Ferraro 2 |z 9 HFH
and Krishnan, 1990; Griffiths,
1983; Thompson et al., 2009). °|& 1) 2 cHAF
3l 443} A4(crystallinity index;
CD, BHAFA(CO )T gk 9dodo) v 20129 69 18UHE] 2013 29 28
&2l C/CF ghabdat Q14FI(PO,™)  A7HAl A7 EsbA -t ol Al Zleggt 2l
Hl&¢l C/PE &4 7Fsstth, C1 A Miags 22/ d3A 0 Hax
w34 (splitting factor; SF)ekal AR dpgoll A AE7|AI) FAXLE 48,
ol wol AHot ArE yed  2AAY FAACE d W B 50|
A 3R 2QIcH(Surovell and Stiner, 1% QITH(Table 1 & Fig. 2). ©] & 24|
2001; Wright and Schwarcz, 1996; Aat 328 WY A EFHo|A ZE
Beasley et al., 2014), Cli= 574 29 H Ix-& 1 A4t &8srt(Fig. 3).
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Table 1. The information of excavated human skeletal remains

| 22 S8 g7t/ olgd, &

42 2

Sample name| Sample no, Site area Site name | Element
IM—1 KABO0351 1 site Femur
IM—2 KABO0352 2—2 3—1 site | Femur
IM—-3 KABO0353 3—2 site | Femur
IM—4 KABO0359 | 2—additional investigation 2 site Femur
IM—5 KABO0360 2—1 1 site Femur
IM—-6 KABO365 6 site Femur
IM—7 KABO367 3—3—-1 12 site Femur
IM—8 KABO368 19 site Piece
IM-9 KABO0369 3_9_9 1 site Femur
IM—10 KABO371 3 site Femur
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Fig. 2. The map of the site that was located in the middle western part of Korea
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Fig. 3. Sample Photos of human skeletal remains from Incheon
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Al =20 oA BT,

DNA E48 A5+ 6% sodium
hypochlorite(Xfot g ANGEE) A 2|2k
AR ERe A W 2, Aol 2
£ 3 & ZA 5 AR 7| (Freezer Mill
6770, SPEX)E o]gsto] -1 e = gt
So] Haskit,

w 22)0] B s vhefsty] 98t
of B4 AR g 4 die A
= (OF 5=Tmn) HFO R Hrksto] of =%
Al EHS Aol

5 A& n) 4 (Axiotech 100HD, Carl
Zeiss)& o-gsto] wje) v 2| yizh

shITE, W 2o M= Alef= Hedges
5(1995)0] AAIGH 6TbAI(0~5)2] =
Ak 2|45 Ut V=02 &5t
(Table 2).

4) MM EZEHM(FTIR)

we] S wAS slstel a3
HEARH (attenuated total reflection;
ATR)Z o]83t AelA FgitAS AA|
&ttt FTIR-ATR 24L& H9oji 1
AE A 7] (Nicolet iS5, Thermo Fisher
Scientific) & ©]8-5}9lon tlojolt
Aejagr 2HollA £4] W9l (range)=
4000~520cm *, E-v]5(resolution)-&
dem ™', A7 314=(scans)= 163]0]t},

B 7k AR 28] el
® 25 XI(C)
W gEge] AYst YErt AL

605cm *, 565cm 9] F4= wi=rt A
A A Zhzbo] vi= & Fa]E ch(Weiner
and Bar—Yosef, 1990; Stiner et al.,
1995; Thompson et al., 2009), @&t}
0] CI+= 2.50~3.25 A== CI7F Y



Sot & Q=0 B2 Heli @t/ olgd, HaE dEXl, =21,

Table 2. Histological Index values assigned to summarize the degree of diagenetic

change(Hedges et al., 1995)

Index ﬁiﬁ;z?b?nzf Description
0 (5 No original features identifiable, other than
Haversian canals
Small areas of well preserved bone present, or
1 (15 some lamellar structure preserved by pattern of
destructive foci
2 (33 Clear lamellate structure preserved between destructive foci
3 > 67 Clear preservation of some osteocyte lacunae
5 85 Only minor amounts of destructive foci, otherwise
generally well preserved
Very well preserved, virtually indistinguishable from
) > 95
fresh bone
5 drff wel vt RS VA = AEAAE A= AR dYA
S4E BHE A7 £%] ¢th(Beasley  (Nielsen—Marsh and Hedges, 2000).
et al., 2014). CI:= 495-750cm " Atolo]  &tf wjo] C/P= 0.23~0.34% 2|4
7]%@-% 605cm o} 565cm ' 9lom(Beasley et al., 2014), 7|&A<

1o
i
)
ft
JIN'
ox

et & 11 Apolef 71
5900m_1)4 W= 574 0}04

o
& é]EE gkolstith(Fig. 4) (Weiner
and Bar—Yosef, 1990).

nZi

ol =7](amide group)

of ozt Ao C/Ce 7IeAdE FHL

&2 1455cm "7} 1415cm ‘9] ERAke] Wl
o]

=0 ol wE Fal A4 T 5 9

(Thompson et al., 2011).
@ EtAtEDt QIAH Ol HI(C/P)

ZAl0 2 BRALY] vl (1415em )@} 014k

v3 PO,

baseline peak height (ht)

2000 10 160 1400 1200 1000 o0 @

Waverumbers (om-1)

A1455 A1415

Cl or SF = Assstses C/C = C/P =

590 1415 Aso3s

Fig. 4. Phosphate and carbonate
vibrational modes of bone apatite
infrared spectra. Band peak
heights and baselines are drawn
for calculating Cl, C/C and C/P
(Beasley et al., 2014).
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Fig. 5. Histological pictures of archeological bone samples



2) i A EME S6HEE
SEf Hot

FTIR-ATRS o|&3}o] ol
AasE 543 A3+= Fig. 6 3
FTIR-ATR A~¥EgtE Higlo
o] CI& AXkeE A3t HI 4 AR
L 3.45+0.03(n=1), HI 3 A&x
3.31+0.35(n=2), HI 2 A& 4.68
+0.60(n=4), HI 1 AlRE 4.25+
0.59(n=2), HI 0 A]&2] CI*= 5,18+
0.10(m=1)°|t}(Fig. 7a). A W] CI
5 2.50~3.25% 7]&8S o, IM-3,
IM=7 A &5 AlQJstil= HIZF WY&
5 CI7F 3718k S 1o,

ne

ct.

[-40

Ir 3

C/Ce 45 HI 4 A=A 0,91
+0.00(n=1), HI 3 A& 0.87+
0.01(n=2), HI 2 Al&% 0.90+
0.03(n=4), HI 1 Al&% 0.93+
0.02(n=2), HI 0 Al 0.99+
0.02(n=1)0]™, HI 421 A|=E A 2)a}
il HIZF Wold== C/C7t S71shH
19 71718 3 B cHFig. Tb).

C/PQ] 7% HI 4 A& 0.26+
0.02(n=1), HI 3 A|&% 0.24+
0.06(n=2), HI 2 Al&% 0.19+
0.06(n=4), HI 1 A& 0.13+
0.03(n=2), HI 0 A|l&% 0.11+
0.01(n=1)o]" HI7} =S4% C/P %t
o] F7Fel= ol vERTHFLg. Te).
C/P= wo] x3E|o] Q= A1 F]
9] ool o3 Pk wrom C/P Fhol
s W] B AUt ok A4S &

=
Q13 4= lgie,

Table 3. Summary of the evaluation results from FTIR(CI, C/C, C/P), HI and DNA analysis

FTIR—ATR analysis

DNA analysis

name HI CI c/C C/P mtDNA Sex
IM—1 4 3.45+£0.04 0.91+0.00 0.26%0.02 ¢} F
IM—-2 3 3.07x0.,07 0,87£0.00 0.28+0.01 o} X
IM—-3 2 5.51£0.20 0.884+0.00 0.25+0.00 o} X
IM—4 2 4.63+0.10 0.91+0.01 0.15+£0.00 @) F
IM—-5 0 5.,18%£0.10 0.99+0.02 0,11£0.01 X X
IM—6 2 4.48+0.13 0.,94+£0.01 0.,12+0.02 X X
IM—17 1 3.83+0.16 0.92+0.01 0.,16%+0.02 ©) M
IM—8 1 467+1.27 0.94+0.02 0.11+0.01 X X
IM—-9 2 4,10+0.,30 0.87£0.00 0.23%£0.00 e} X
IM—10 3 3.56%+0.13 0.86+0.01 0.20%£0.00 o} X
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Fig. 6. Comparison of bones spectra produced from FTIR-ATR (1800~520cm™)
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