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£ 1 I 7 e RTTERK, R/ NIOSHE (1), HAEZ ppm. T aNOfEiX one o,

S1-1 S1-2 S1-3 S1-4 S1-5 S1-6 S1-7
Mn 133(3) | - 3.6 (0.8) 45 (2.1) 6.5(2.1)
Fe 148(29) |89(25) 342(5.9) |7.0(1.3) 1.9(0.7) 9.2 (2.0)
Cu 4.4 (2.6) - 1.7 (0.4) 3.3 (1.0) 2.8 (1.0)
Zn 3.1(1.2) 6.7 (2.3) 3.0(0.7) 3.6 (0.4) 8.4 (1.1) 3.8 (1.0)
Br 6.0 (1.5) 2.6 (1.3) 5.2 (2.3) 5.5(0.7) 7.1(0.5) 7.2 (1.1) 6.6 (1.0)
Sr 1370 (46) | 1363 (45) | 1201 (50) | 1242 (39) | 1485 (45) | 1525(49) | 1262 (41)
Pb 157 (6.3) | - - -

# 2 I uRXTTREEER, B NRLOSHTE (2) o HALIX ppm. By I NOfEIZ one o,

S2-1 S2-2 S2-3 S2-4 S2-5 S2-6 S2-7
Mn 115(93) |83(2.2) 9.2 (3.2) 5.6 (1.4) 11482 |9.7(29) -
Fe 3234.9) |[121(1) |113(29) |4.0(12) 158 (35) | 7.6 (2.7) 29.1 (3.8)
Cu 3.0(L1) 2.8(1.3) 55(L7)
Zn 8.3(2.2) 3.4 (1.1) 4.3 (1.4) 3.8 (0.6) 4.6 (1.5) 5.9 (1.3) 8.2 (1.6)
Br 4.4 (2.2) 8.3(1.2) 4.9 (1.5) 47 (0.7) 4.2 (1.6) 5.7 (1.3) 7.1(17)
Sr 1390 1356 1073 1114 938 1012 1147 (41)
Pb - - 9.2 (3.3) 23.4 (4.6)
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#* 3 I/ v R VT RERR, HA/PRLOSHTE (3) . BLIE ppm. U > 2 NOfEIT one o,

S$3-1 $3-2 $3-3 S$3-4 S$3-5 $3-6 $3-7
Mn 9.9 (3.9) 7.0 (3.0) 47 (2.9) - - - 6.6 (4.3)
Fe 266(41) |106(28) |6.4(22) 7.9 (2.0) 183(3.2) |29.3(49) |77.0(5.7)
Cu 2.9(L9) - - 23(L1) 2.9 (1.6) 7.2(2.3) 7.8 (2.0)
Zn 9.5(1.9) 9.8 (1.4) 11.0(1.3) | 104(11) |123(5) | 13(2.3) 22 (2.2)
Br 3.6(L7) 2.2(13) - 2.2 (1.0) 4.8 (1.4) - 54 (3.9)
Sr 1154 (42) | 1039(36) | 1114 (37) | 985 (32) 979 (35) 938 (39) 891 (35)
Pb - 9.3 (3.6) - - 9.3(3.9) - 9.9 (4.4)

£ 4 I uRUTRERR, HIRLOSHTE, BAZIE ppm, By I NOEIT one o,

L1-1 L1-2 L1-3 L1-4 L1-5 L1-6 L1-7
Mn - - - - -
Fe 20.6 (33) |- - - - - 7.3(2.8)
Cu - - - - - - 3.8(L5)
Zn - 2.4(0.8) - - 2.4 (1.3) - 43 (1.3)
Br 9.2 (1.7) 100(11) | 9.8(1.2) 7.9(1.2) 100(18) |9.6(1.2) 10.5 (1.6)
Sr 1309 (45) | 1397 (49) | 1552 (49) | 1498 (48) | 1478 (50) | 1296 (42) | 1383 (46)
Pb - - - - - - 10.8 (3.6)
#£ 5 I RXTTREEER, HEBIRKIOSHE (2) . HALIX ppm. B v 2 NOfEIZ one o,
L2-1 L2-2 L2-3 L2-4 L2-5 L2-6 L2-7
Mn 45 (2.3) - 8.4 (2.3) - - 4.8 (2.3) 3.6 (1.8)
Fe - 9.8 (3.0) - 5.6 (1.7) 12.8 (3.6)
Cu - - - - 5.0 (1.7) - 1.6 (0.8)
Zn 6.9 (1.1) 8.7 (L.5) 5.2 (1.0) 4.4 (0.8) 112(17) |93(.2) 8.1(0.9)
Br 75(1.2) 5.4 (1.4) 6.5 (1.0) 4.7 (0.8) 10.7 (1.8) | 7.3(1.4) 4.6 (0.9)
Sr 1485 (48) | 1255(43) | 1093(36) | 1127(36) | 1195(43) | 1660 (54) | 1309 (41)
Pb - - - - -

222




NMCC 19 2012

I AT BIZHONWTIE, T N o ) —PNERT 5 IEEEE O @REEE 22 i~ €, AR5
ERFEST-, E—AREBHIX LTI AR L, £HZ2T HRETY 5720, X #Ro A DRINSIEIE
MR CEDRIEL 20 | [FIFFCERBERREOM M X 2B LBUIME S, oWRENm L, £,
BHSRE A RE L2, HEREMRICE S, TOEEORETEROMNT2EN AL o7,

S%OFEE LTL, BIHEDE O R WSFORFNE—TH 5, A THW B — A= LF¥—(X 2.9
MeV, REFEMRIEIX 70nA TH 58, REEEHICOT NI E— LB OEB AR 72, Z OBRBNIBE ORS
HEULHBUCL D EBbND, BEEF TG L 280 KH LAFHETE 2V T, NMCC IZBER DO KRR
PIXE v AT & NZWEIT A B S 2 REE 2R ET D7 & WA RBEFENLETH D, £z, 7
Hro A7 AOBEEN/ NI N2, BFREEEE ICRIT B, EA0FEIC L > T, Rk 5 1Hk
DRENEEZBRATOMLERS D bbb, 2D RIZOWTITRAICKIRZMRET L2V,

Eiifz3
AHFFETHW- S 7 v 2o 7 REEERIT HASUNA Co. Ltd. L 0 ZHEE = 720N - SOV CE R 8 g T
ITEERAFRICEET 2 UM A RB S CHEW -, ZOREEY T #LH L P £,

S E XAk

1) Murao, S., Maglambayan, V. B. and De La Cruz, N. (2002) Small-scale Mining in Asia, Observations
Towards a Solution of the Issue, Mining Journal Books Ltd., 62pp, London.

2) #HE & (2000) “ARE—IVARIT—)L~A =T HIERFLF 54, 348-349.

3) ILO (1999) “Social and Labour Issues in Small-scale Mines”, 99pp, Geneva.

4) CASM (2007) “Madison Dialogue Ethical Jewelry Summit, Executive Summary, October 25-26, 2007”,
22pp, Washington, D.C.

5) HASUNA (2013) « ft ft %2 B & & | J & % 7 Retrieved April 22, 2013, from
http://www.hasuna.co.jp/products/ ethical.html

6) FE & (FHRIF) =Ny o) —0BUR, HE)G R [EEWE A R0

7) HASUNA (2013) “MICRONESIA pearl”, Retrieved April 19, 2013, from

http://www.hasuna.co.jp/products/ micronesia.html

8) Sera, K. and Futatsugawa, S. (1998) “Quantitative analysis of powdered samples composed of high-Z
elements”, Int'l Journal of PIXE 8, 185-202.

9) Sera, K., Yanagisawa, T., Tsunoda, H., Futatsugawa, S., Hatakeyama, S., Saitoh, Y., Suzuki, S. and
Orihara, H., (1992) "Bio-PIXE at the Takizawa facility (Bio-PIXE with a baby cyclotron)", Int/

Journal of PIXFE 2, 325-330.

10) Sera, K. and Futatsugawa, S. (1995) “Effects of X-ray absorbers designed for some samples in PIXE
analyses”, Int'l Journal of PIXE 5, 181-193.

11) Sera, K. and Futatsugawa, S. (1996) “Personal computer aided data handling and analysis for PIXE”,
Nucl. Instr. and Meth. B 109/110, 99-104.

12) Snow, M. R., Pring, A., Self, O., Losic, D. and Shapter, J. (2004) “The origin of the color of pearls in
iridescence from bano-composite structures of the nacre”, Am. Mineral. 89, 1353-1358.

13) Levi-Kalisman, Y., Falini, G., Addadi, L. and Weiner, S. (2001) “Structure of the nacreous organic
matrix of a bivalve mollusk shell examined in the hydrated state using cryo-TEM ”, Jour. Structural
Biology 135, 8-117.

14) FOH{ER - R IE (1988) “HEROMME D & EO BN 77 %4 725613, 1-4

15) Onuma, N., Masuda, F., Hirano, M. and Wada, K. (1979) “Crystal structure control on trace element
partition in molluscan shell formation”, Geochem. Jour. 13, 187-189.

16) Sera, K., Terasaki, K., Itoh, J., Saitoh, Y. and Futatsugawa, S. (2007) “Physical quantitative analysis
in in-air PIXE”, Int] Journal of PIXF 17, 1-10.

223


http://www.hasuna.co.jp/products/
http://www.hasuna.co.jp/products/

NMCC ANNUAL REPORT 19 (2012)

PIXE application in the context of
ethical-jewelry development and promulgation

S. Murao, K. Seral, S. Goto2, C. Takahashi? and K. Nakashima3

National Institute of Advanced Industrial Science and Technology
1-1-1 Higashi, Tsukuba 305-8567, Japan

1Cyclotron Research Center, Iwate Medical University
348-58 Tomegamori, Takizawa, Iwate 020-0173, Japan

2Takizawa Institute, Japan Radioisotope Association
348-1 Tomegamori, Takizawa, Iwate 020-0173, Japan

3 Faculty of Science, Yamagata University
1-4-12 Kojirakawa, Yamagata 990-8560, Japan

Abstract

Vacuum PIXE at NMCC was selected as an aiding tool for the ethical jewelry in that it can offer
fingerprinting which is one of the requirements of the ethical-jewelry business. For the experiment, five
baroque pearls from Micronesia were used. A non-destructive-standard-free method was established and
then applied to the pearls. The nacre of the pearls was irradiated by 2.9MeV proton beam and the signals
were successfully quantified by SAPIX. However after the measurement faint irradiation marks were
observed on the pearls’ surface. The authors consider it necessary, in the near future, to introduce a
cooling system not to stain the jewels’ surface by harnessing the in-air section that is attached to the
vacuum PIXE at NMCC.
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