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ABSTRACT

The effect of y-ray irradiation on the color of nucleus and cultured pearls was investigated. After (*°Co) y-ray
irradiation on the pearl nucleus, its color was altered from brownish to blackish brown or gray depending on
irradiation dose. It was clearly found that the all samples are composed of aragonite. ESR spectra were based on
the measurement of the paramagnetic species CO,- radicals by the interaction with the y-ray irradiation in Mn?*
containing CaCOs. In this study, we investigated optimal detection method of y-ray irradiation to establish
destructive or non-destructive test for pearl nucleus.
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Fig. 1. Optic color change of Pinctada maxima (cross section) after y-irradiation.

(Wada, 1999). tﬂzﬁ o}zokokA A ¢} ekl A2 QM)
WA 2apslo] B3t 4] Aol Aele AR AA
Ho7 frew 9l

A H o= Luc1doscope AX 72 AFe] 7 &, GAe
g 5 upase] B AR B ohn
3ol ge ohnolbIARS A7 FUE A 2
NF el 2 Fro) Y Wetew P 24 o
hlo] FPs e habile] mAE Bl A e
99 3 Freld FUdE SaAT BEoke Sae
) oholeh, et A 3ol FAE ool AT 7
e} AFZo] F7& ZA5E Lucidoscope A2+ AR} 7
o] E7)53ltka A gle} (Wada, 1999).

skl upabAd 2 Ee] AAel gt 7= 1960 )
T AFEe], 1986dellE A Eusl BE AEVEE A
E3}e] AR2~AFHYH (ESR: Electron Spin Resonance),
Ib3E=AW (TL: Thermoluminescence) & -3 3& ¥4
oz ARG B o A 2ARE Ao EE
DNA#AEAH (Comet assay), GC / MS 7|7]& o]&3t
hydrocarboan»} 2-Alkylcyclobutanone', v|A&=382 9
W (DEFT / APCH) ¥ FA=nbd (Photostlmulated
Luminescence, PSL) %°] ot PR
(Photostimulated Luminescence, PSL) % <3+
(ThermoLuminescence, TL) < A% £33 oA
FEA g EAE o] &she BAEoI FEAS A =
Abell 2ty o7} AAE I dAE ] Aoy Do
EEHE AYAE ‘”%ff}‘ji ojuf WrE3h= WO k& 54
sto] WA Al S A s Wheltt (e
99 2010; V=3, 2010; Nam and Yang, 2001; Noh
and Kwon, 2003).
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(Co-60) Ak SI3t A% o] skE FAshe ¥
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ale] Wbl 24} o33 AP A b sl sheshe
olf sl ] Aeae] A% A ATE 2]
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[eh
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o] A 7=l Wshs W (Mn), & (Fe) 3 22 44t
4 Aol vlEd R3be ©aoldd Fx AolE vE
7] wiolet 3 v W 557k (ppm level) HE©]
7Vs3le} (Da Costa et al., 2004; Ikeya, 1993).

A, AFAA M= FHkA (Co-60) ] HhHe] oS 1t
A, FFFAAFE (Pinctada maxima) % AP o] A1
o] A (silver-gray color) ©.2 HMAA F-E3k It &
FFARF] AFFE Ao <F 1.0-3.0 mm E ofZof
AFE (kg e 2 <F 0.2-0.6 mm) 2t} o F
7Bz dAAC R nuly Az FPHo| B/ AR
i 9lt} (Wada, 1999).

Fig. 1 274 (Co-60) ©] 2AkE]7] Avh A= 0]
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6.0-6.5 mm = A4 (natural) A+ 3 2709} 0.2 kGy (A
=5 4.0 x 109, 0.5 kGy (A%E 1.0 x 10%), 1 kGy (A%
£ 2.0 x 10%, 5 kGy (A%% 1.0x 10°)= 27 =A% =
4357 AT W, 47 2 B skl A
(natural) A3 AL A3t A& = 7E ABE 7R
(Co-60) & o]&3le] vAlAl A3l

71 (Co-60) AR Aololl whE A1 o) 2 A
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Fig. 2. Color changes of pearl nucleus after y-irradiation.
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Fig. 3. Optic color change of Pinctada maxima after y-irradiation.

o A w3s EAs] $)3ke] UV-Vis (Ultraviolet-
visible spectroscopy, JASCO, IJV-606, Japan) & A-$-3}
gt AFE WS WEEYSLEE  photometric modeE
reflectance %% 3} wavelength+ 260 nm-800 nm
9ol Frtew Z=AsYrt. band width2 5.0 nm,
scanning speed+= 400 nm/minZ A4 v|uz 2 =4
3kl

b (Co-60) TAMAFS] Abelo] weE AF sef A
(phase identification) = 213}7] $J3}e] X-Al 3|4 +4
7] (X-ray Diffractometer, PANalytical, XPert Pro
MPD, Netherlands) & ©|-$3}3t}. o]u] ARE-3F X-A12 Cu
Ke (A = 1.5405 A) ©]9l3, 10 °/min & FAEER 20
7} 10-90 ° <l W8] dellA AFste] 21 AF}E Joint
Committee on Power Diffraction Standards (JCPDS)
Az} vlaskglcl. T3k e X-A AdE AeYslr] 9]3)e]
BE Age AppE o]gste] mddE ukEgich o|g
AR wAgE six= ] AA]d (glass-holder) & ©]-8-3F
of RE Wo g #olah X325 ARkek F A5l

ZkAl (Co-60) FAMAITES] Apolel wh2 eljzke] A4 +#
T Fol& $3led ESR (Electron Spin Resonance
Spectrometer: Jeol, JES-FA200, Japan) & 2l3s}3ic}
ESR #3715 A2 9 odvzle AA dels Aol s}
oF PAIE steteledl &ehe 3 AL ko AmnE A
7hssb e EAs 5 e e 2 gtk
X-band (9.5 GHz), power 1 mW, $AIA7 (center field)
337.764 mT, modulation frequency 100 KHz % Al-29]

o E2 A ol 9 20T BE A

T ¥l Al g,

X
-
o
o
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1. 5 23

7t (Co-60) A+ A$-2] Z47ke] A1F= #e] A (color)
W3E YAe stz st Fig. 200 vepfigleh 24}
AeFe] ztolof wel 24} Ao A5 & (natural), AF 5]
A% #L 0.2 kGy, 0.5 kGy, 1 kGy, 5 kGyo] Al=gko =z +
w33l

Fig. 26|49} ZFo] AT AL Ho g Fio| Z AXR
FAARO] 7Kl wel 2 (brown) oA 524
(dark-brown) WA= #-& 3|4 (dark-gray) 2= W3}

i)
Ny oy

oz vz AW T o]A (dark silver gray color)2 =
gl=lo] 225 Fig. 394 & &+ I3

2. UV-vis ¥4 A3}

ZkA (Co-60) A A$-2] Z47ke] A5 #E UV-vis®
73R G SAske] BH Fig. 40149 2l 280 nm
o] A (protein) ©f 23 F47} Yelt (Akamatsu,
2003; Matsuda & Miyoshi, 1988), Ao] #H3}= o] &
7Fel| wet vl oz Hhawr) wolals o = Slgith &
gt zApAlEFo] 5713kl ulel 360~450 nm (blue) %<t
W9l A= whale s}l Yol ARl 570 nm (green) £ 700
nm (red) G| "o AL w2 wabE7] Folxic) ule}
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Fig. 4. Change of UV-vis spectra of pearl nucleus after y

-irradiation.
A olggt g4, WAl wpgEe] BiA o Agsle] ] &
o= A 4A e o]F% 3A (dark-gray) 22 HolA FH+&=
L2 Alsst

3. X-A 34 (XRD) £4 A3}

AF e FAHEe A3)A  (Calcium Carbonate:
CaCOs) < ZAFeol welr wW=iA (Calcite), olefzi}o]

E (Aragonite) ¥ vlE|E}o]E (Vaterite) 9 22 54 o)A
Aolek. WA 2AAFRS Alolel| wpE 55F2] A Hof| of
& X-Al 318 A7 Fig. 591 Uehisieh. Fig. 5ol4¢} 72o]
EE ARl Z2ATE7} olefave|EY 'ibdE (CaCO3:
Aragonite, ICDD Card No.41-1475) 22 FA=ic}h

4. AA2W 3 (ESR) 4 2}

7HkA (Co-60) 2AMAITES] Abole) whe 5%5F2] %5 9
o 9 ESR ¥4 Z23F Fig. 6°] Yehdi3lt}. Fig. 6914
9} 7o) xALE|A] 92 A (natural) o] ZF oA A A
Al (gym) ESR A5 5 13k 4= 9l9l1, o] th2A| wha}

Aol 2AE A% delAE B4AeL veAe] 2aede] ®
o¥7} gyromagnetic factor (g-value: g1, gz) & 2ty 9l¢]
A4l (natural) A5 A3} 245 AF Ho] Ho) 5 I 5
ik, ol B (CaCOy) oA A4 COy 2hiiz
(radical) 2 COs* ¥} o] 2ol FA = Aot} CO,- &

e 7)e F71483} Zdsle] g-value’} 2.002 = 0.001
(g0) 2 1.998 + 0.001 (gz) 1 AFAL WY A5 et
el ofe Adef A7 Azjet & AA|8IIch (I3 Ao
4, 2010; AFZE, 2010; A% Z 2|, 2008; Noh and Kwon,
2003; Nam and Yang, 2001; %% 9], 2004; A&k
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Fig. 5. X-ray diffraction spectra of powdered pearl nucleus
after y-irradiation.
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Fig. 6. X-band ESR spectra of pearl nucleus after y
-irradiation.

obA, 2008). ®3 #AA :AMAEO] 0.2 kGy A 5
kGy 2 S71EFE vjEHo g vgiAAe] oAl AL
ZA =)

kI

#

ZHlA (Co-60) FA}e &3k A3 & (nucleus) & 33
AFastgie}, Ak zabel whE A3 #e] A (color) W3]
2918 FHslr] ¢Jste] WA (U, Co-60) AT 4%
4 2] Apolol] whE AT o] W3t sl on o
okgl A 7|AAS o] L3le] BAslg) ua ]—/H i/\]‘ A3 0
747ke] AF o] A (color) W= $etogw
3 Aol 270l Het A S JAE B
214 (dark-gray) ©% WISsch P 2ol <l A7
2] F3te F7 AT o] F3tue Zlow, A5 o= @it
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°] 2 210-600 ppm A% T3k 37| FEH—“.'—Oﬂ kA z=A4)
Adeel w2t F*“Eﬂ 7k Aotk AFFe] Av= T

#3244l whabztgrol §7]40) wzﬂf ﬂol oh e} wl=F
w3heta g UP Zbe] Wglo] flsle] Q= Ao Ruwl ul
2t} (Wada, 1999).

Matsuda and Mlyoshi (1988) = AF] Az} &g 7
o] mx]=
I Qe Al 57]15 Elasy 7‘]‘1‘ el 75, Ak Akl
R s e ZA S B e o A e D B R
ghobar gk up gl AF o] HalE b= AT E A
F5ol EAske B (MnCOs) ©] o]‘}‘}'k] E LI
o 4, 3 A3} W7F (MnsOy), 3, 24347 (Mng03), 243
7k (MnO2) 59 AtgE2 Walsle], AF5e S48z ¥
3lE]E= Zez FASIy it} (Wada, 1999). UV-vis 412
3} 280 nm o4 WA (protein) o &3 F7) el
Ale] Wsh= Aol S7hgte] wle} vjE| g oz ukabE s} vro
A zARA ] S7Ftel wet 360~450 nm (blue) %t
HYo A= uials s} WolH et 570 nm (green) 2+ 700
nm (red) 9o "= ‘%'_}‘HE AR} EolslE o]
2L "HHMn) E5E9 3 Aew Asld dA7A7e}
Ak A9E 9S8 4 gl J’Jd, Matsuda & Miyoshi
(1988) + WAz 3 AF o] UV.vis peak®] 420
nm °]4 440 nm % OI%T&DPJ- spolo), £ dTelrMe =
AbAdEFe] wel 430-450 nm °l|4 460-480 nm E ©]E3}FS
o}

Oh and Choi (2003) & 2] 7387F2] FhHe)] At o
ToA XAl 3244 (XRD) & A3t FAlTe} sl
F 2% olglan}o]|E3 ekt (CaCOs: Aragonite) 274
T2 Hololes wiled o] ®eh & A7 Axelxe I3t
Sk dnbde g §A4H &3k ol Ex (111) Z2A
wol Z igEejglon} S5 FHelAE (012) 24
wjgFgo] 3t AR FA=|glen] (Vongsavat et al,
2006) ©| A ”}7]’ (Mn), A (Fe), vl21vlE Mg) 5 <&
4 Il Aoz Azl AFE HEA] g A =

93 o ARSI AR 4 Aaels E1E Y%
(Oh and Choi, 2003).

Vongsavat et al. (2006) + A4 Atse] A wslelx 2
el S717} A wstel Az} ola
FEFor AR W3t ke AL
B A7 A} Aol Y
kGy °IA 5 kGy = Z7l8l= 2A
& 3 QAT Az ZolAE d4 & WS (FWHM:
Full Width Half Maximum) ©] Zo}x]&= 7oz ZA =] o
72744 (crystallity) o] oA+ Aoz A=) E3F A

¢
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S AN £ S ol S Yulel Sl s
" = (Manganese oxide) = ¥H3}=giciy &

o 4 fgleh T, P 2] 371 245 AF
el AR S0Ee] AN Bl e U

9 FAHo] $HsAEkE SJulelet. olZie AReIA W
(unit cell) 7} Wsh Zolmz 1% o) *—'.‘ Asfel 474

23} 2 9l
=

o
-

Wencka et al. (2008) < 73?(}’\33,%“3‘ (ESR) = ©]
of Ha Fﬂr&% of $idhe ohekst AAHIA] o]
Mn?*, Fe**, Zn* 18]7 Pb** 5 3l 2AMX
W3le]] W COy 2heZke] Je= ehibae] Ajks
‘T“ﬂ"ih 7HkA (Co-60) =AMAIFFS] Abo]ol| wlg

ol djgk ESR ¥4 A3}, Wabio] 2AkEA]
A *d"'ﬂﬂ A oA i Al ESR"E—‘%@.’QQ-’F i

2 (Co-60) & FAREH AT Heja= Al
meokzt g-value% yepfe] Ao
(natural) ¢] A5 7} :‘—ﬁ“ﬂ{ 2bo] & Yeb it webA 5
g A7ZATE FAAF U AT Ao gt AL 24} o
ne jd—lﬂﬂ‘&]..‘: v‘i"ﬂ.‘ﬂ"ﬂf’i ESR-E— 413—10] ;HZJ%LO_ i—]—"—oi
SH3GTh B3k & dATelA] BE peak"ﬂ s} zé%“fl A
2l (indexing) & 3}#| ¢ 21> A5 Hell=
gitizho] ER)3}7] wiEolct.

2152l A (color) & AFTol| FHrelolles WA
(pigment) °l &3}l =3, A=z ZA S e} AA
T 3, AlF A3 AFS Alole] EAgkE flEel 23k
£ 23As ‘%‘4‘417]-1— goh ghe] AnjAle lE
o ote] P71 23| M| FeFFAATE s Aol 9l
th. Aegt vpA A (Co-60) o2 AR AFo] Al
B2 YA= 23] 8S wr) olFofokAR e AL AF=e
AL dwbAe® oF 0.2-0.6 mm °|=E F R} A
(Komathu, 1992) 2 7|e} 7h87)712 w|za {4, 7
(Co-60) A} of-2] FPHo| 7hgsh AFZo] 778 Fak
FAAF] A9 AFSe] FA7F dubA o2 9F 1.0-3.0 mm
olm g 7|&e 7har)712E FkA (Co-60) £AF o459 7F
o] ojEE Flo] & AlA o]k

5 o

-

o lo, o

e
22 o it ofo

2 o

1A (Co-6002] APl f7ol HE A%e] G st

2 AF 9] A WEE ST B 2 e 2
% 9ol 7714 (Co-60) & =AM =, A% 9] Ae =
Aol w2 S70 WAE AL Ao s i

B o)A 7HmkA (Co-60) & ZARSHA] ke A= & 27
ﬂ' /H‘j/hﬁi i}‘]'ﬂ 4—7"‘—‘:"_/] _l— Eu 87 = H&]‘ XHE-E }\]__,g_
shtt. UVevisollAl= APEE, Setes False A5 9
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Z 0t (Co-60) =AM 28t &l

et
10
11
0

o) Ze Wzt B4 3 Ak Aol SUhel ulel nleA e
2 ARAETE ol Eelebia, XAl SR EA A At
A (Co-60) & AIFo] F7sted = A% dlo] A7zt
el AL zhakE|x] kv AAA (crystallity) ©] Zo}x]

Aoz A 3k AQARTHEHN oL H Lo
2 A5 ] Al (Co-60) AN H-E S35l 2wkl
(Co-60) o] AR 2] oF2 Al HellA= HAA J ESR A%

e

2 1T 5 9905, oAl (Co-60)0] ZAHE A% el
Lol HEes 544 w939 iﬁi‘E?—éﬂr

SEEREESEEEE R
4 9lsieh. wa qhA (Co-60) HAMIT] Z71eH4% v
Aoz ulgAe] ol 2% Fshele webd vk
(Co-60) A2] £l we AFe] A WsE A7) slald
£ A7 6o A ise) di 9 79 9 EAo] Asslolop
e Aag,
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