NMCC & [RIF] FAAFF 2 e SR SCH2 16 (2009)

HADEFF I VRS L UHMETED PIXE 94T

BRFRDURR, /NBpEE7- SEHRESL T R -RR 2. MREEE TS ms T AT

KEL A RFADIE RS RBEE HFHIK
206-8540 HIIRHS L EETI AR H 2-7-1

VRS L X BAMOKFEER A 2 —
100-1511  BUAUHES\ LB )\ LT =48 4222

PHFER KA s ka2 —
020-0173 & FU2E FABREIR AR IR 744 23 7k 348-58

SHAT A YV b — T IR
020-0173 & FUR2E FABREIR AR IR 744 23 £k 348-58

1 &I

7w RITHERTEEOENS D E L THETEL 2T ANV TICHEH SN TS, LovL, \EiC7 v
KRBT HZ LT, ERBRRIIC/2 Y HEITT 2 L HORENRE SNIREIZ D, AMOLEITBRR
W22 D0, AT o BACWBRENRE L . FEFITEL T, W7 v FIEL 5| S 2T ERE LR
EROZENTE D, Hxid, BTV AOHDO 7 v FEOLFERELHAL ML TER Y,

Z T, AT I BIZY A DOEOREE AT 572012, FEHORZRDZ Y AOWEO 7 v FRREL 7 v
FUNDOTLFEOEHEELZIE L, 7 v LMicd & oEMBIREMRNT 2R A E21T o7,

2 BIEARE
2.1 miniE

et G\ LR TS 2 10 B 18 Bt CTh 5,
TICHBENE (BE L) 2253, WO L., L TR
UNEE RIS L T A BRI LT,

BHE1 TAYVADH

244



NMCC & [RIF] FAAFF 2 e SR SCH2 16 (2009)

2.2 EHEEAR
RS 10FEOY A DOWOERS %2, SRR E&r A 7 n bty 4 —TPIXEEIC T T2,
TIATHARRIZ U, NEEREE L RIRAIE O T X - T Lz 257,

NIRRT, 2 TOY U IAEH -2 LT, ~"aF o 25T 5720IEH] L-, Zohikix, o7
IR IREEHE THSRNIC B T RIC L b L= b D% 106°C T 15 BRRR S8, & b2 —1bd %,
ZOWHENRT T DI — R R E NEERE I LA, RBICK 1 ngOMIDVHRE Ny X 7T L
LDEICEE, HNL-an U4 TEESE O LT,

— 5 ACFIRAIE TR, Yo 7T IS LT RIS iliE & SRS AL, i L CEEAZFHIL -,
FDh~A 70y 2—7TRILL, 30BN LSE2IiEmf, BEBRICTH IO 5ul 2y 77 40
LD RIZEDL LThbiEz, 7y ReFienn s ORI, ALFRIEOBE THETL0T, b
FIRALT DENZDEDOY TNV EWBE LT, ALFPIRALEIC > THRbW D i, HOHEEE T 50#
DI 215D 7= DI LT,

2.3 yARS rOXARY—
yREARZ b A Y — IR S ABER L FIEICTIT o729 9,

3 # R

AWFFECTIE, 7 v EMOTRIEEL PIXEETERT DI ENTE R, K LIV AOHEFNL EEMNIC
MHCT&E 7 vBRELZ R LT,

14000
[ ]
12000
10000
[ ]
8000
° . b
F - °
6000 ) L .
[ J [ J
[ )
[
4000
[ )
2000
0
RS54 K474 saAYAza H59R ayrxy =15:D) E 12 7+
(ug/e)
Y ADEE

B1 JAOREEFF T vREE

WIZ, H2i12iE, B ADOWF T Ca IREATR LT,

245



NMCC & [RIF] FAAFF 2 e SR SCH2 16 (2009)

3 YADBERETPRRRE

246

350000
300000
[ ]
[ ]
250000 L] L S
° [ )
[ J
[ J
[ ] [ [ J
200000 L4
Ca o ®
[
150000
100000
50000
0
w954 KaTh saAyASO  HSKFR EDET)) HarAY gL 7+
(ne/g)
HYADTEE
B2 HADOEHFEHEF CaiRiE
RIC PIXE{ETEBMICHMIETE 28RO, RAME, &/ME, FHEZ K 3 IR LT,
1000000
L 2
A
u 'S
100000 A
n
10000 ¢
’ A
L 2
A ¢ . L]
¢ ¢ ¢ A A A
1000 4 = . - *BA
A P | A u R/
[ . a - - . A1y
A - A
100 -
L 2
A
n A -
L 2
A
10 . - )
A
| |
1
(ug/g) Al Br Ca € C Cu Fe K Mg Mn Na Ni P S Si St Zn F



NMCC & [RIF] FAAFF 2 e SR SCH2 16 (2009)

WRIZH TR B OFBIBNR 2 A7, K413 F & Ca DMEARMRZ ., X521k Ca & P DMHBIBRZ R LT,

350000

300000

250000

200000

Ca

150000

100000

50000

0
(ug/g)

160000

y=5.9841x + 182213
R?=0.1363
R=0.3692

2000 4000 6000 8000 10000 12000 14000
F
4 HADOWwFHF & Ca DERERER

140000

y=0.6747x - 52718

120000

100000

P 80000

60000

40000

20000

(ug/e)

R?=0.665
R=0.8155
* *
*
*0
*
L 4
L
- *
hd *
/ .
L2 L 4
T T T T T T 1
0 50000 100000 150000 200000 250000 300000 350000

Ca

5 HADEFe Ca &P OEEREKR

247



NMCCE [ FH RIS A SR SC 4 16 (2009)

350000

y=31.358x + 180055
R?=0.1103
R=0.3321
300000
*
.
250000 . *
%
.
* o o
200000 *
.
Sr .
*
150000
100000
50000
(] : : : : : ‘
(ug/g) o 500 1000 1500 2000 2500 3000

Ca

6 HADtFr Ca & Sr DA

4 EE

B ADOHFHIZ Al Br, Ca, Cl, Cr, Cu, Fe, K. Mg, Mn, Na, Ni, P, S, Si, Sr, Zn, F ® 18 fifAD
TEMEH SN, P TH, Ca, Cl, Mg, Na, P, Sr. Zn, F® 8 THIT LB CERTE /=, . Ca. Cl,
Mg. P, FIZERECHRIE SN, Ca L PRFELIREOENI &I1X, T A DOWFO(LFHHEL Fluoroapatite
ThHhHILEEZTHREITD, —FH, FHUEBEICL T, 7yRBEICKRERENDGD Z L 2RO, Z0
RIZONT S, BILEROUWKIREIZ Lo TGRENE(LT 728, ARE OREZ B LRITIER 20T
b A LT,

*ﬁ\%i$W®W%%ﬁé&ék X4 CTRLIEL DT, F & CaDMHBIBIRIT, AT L CHIBIMREL
IHEVMEZ R Lz, 312 Ca & P ORI T < | Bk L72 & 9 12H A OWF OBk 2 Apatite TH
é:&%%ﬁiéﬁ%#%&hto

F7z, Ca & Sr oMBEREITENIZEEL 2 < AEARBRITED o7, S AOWIX, ANEOEAR
LB T EREEIZR OO S LRV, ZOfth, KRS o722y, F £ Na, F & ClL
FUCL A aZF U EOF & BridW i b AOMBBGREZ RT 2L, BIRROERIE LT,

5 F&H

S5HBEBEEL DY ADOREENSLT —Z&2HED, WOREICETI 7 vBEABELOBKR, 7vEEGAFELT
D OITEE L OBGR, BiEL— FRAREB L ORSICBWTOREDOGEAEDENZHAONI L TWVE T
AN

248



NMCCE [ FH RIS A SR SC 4 16 (2009)

SE 3R

1) S. SAKURAI, R. ASAKAWA, F. HIROTA , T. SATO, K. SERA , J. ITOH, ”Quantitative and qualitative Analysis of
Fluoride and Multi Elements of Shark Teeth by PIXE.” Int’l Journal of PIXE, Vol.18, No.3,4 123-129 (2008).

2) K. Seraand S. Futatsugawa, “Quantitative Analysis of Powdered Samples Composed of High-Z Elements”
Int’l Journal of PIXE, Vol.8, No.2, 3 185-202 (1998).

3) J. Itoh, S. Futatsugawa, Y. Saitoh and K. Sera, “Application of a Powdered-Internal-Standard Method to Plant
and Seaweed samples” Int’l Journal of PIXE, Vol.15, No.1&2, pp.27-39(2005).

4) Futatsugawa, S., Hatakeyama, S., Saitou, Y. and Sera, K. “Present Status of NMCC and Sample Preparation
Method of Bio-Samples. ”’Int'l Journal of PIXE Vol. 3- 4, 319-328 (1993)

5) K. Sera, K. Terasaki, S. Murao, S. Futatsugawa and Y. Saitoh, “A Three-detector Measuring System Using a
Pure-Ge Detector,” Int’l Journal of PIXE, Vol.13, No.1, 2 23-35 (2003).

6) K. Sera and S. Futatsugawa, “Spectrum Analysis Taking Account of the Tail, Escape Functions and Sub-lines
(SAPIX version 4),” Int’l Journal of PIXE, Vol.10, No.3, 4 101-114 (2000).

249



NMCC ANNUAL REPORT 16 (2009)

PIXE analysis of fluoride and trace elements in shark teeth

S.Sakurai, S.Onodera, Y.Horii*, K.Sera?, S.Goto® and C.Takahashi®

Department of Environmental Science
School of Information Studies, Otsuma Women’s University
2-7-1 Karakida, Tama, Tokyo 206-8540, Japan

"Hachijo Branch, Tokyo Metropolitan Center for Agriculture,
Forestry and Fisheries on lzu islands
4222 Mitsune, Hachijo-machi, Tokyo 100-1511, Japan

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

*Takizawa Institute, Japan Radioisotope Association
348-1 Tomegamori, Takizawa, lwate 020-0173, Japan

Abstract

We have measured the concentration of fluoride and other elements simultaneously in shark teeth using
PIXE. 17 samples taken from 10 species of shark. As a result, 18 elements were detected. Particularly, Ca, Cl, Mg,
Na, P, Sr, Zn, and F showed high concentrations. There is a high statistical correlation between Ca and P in shark
teeth. However, there is a low statistical correlation between Ca and F. Judging from shark teeth is composed of
Apatite, it is possible to consent to the fact. We have 100 samples of Shark teeth and are planning on reporting the
findings of a study with larger samples in the near future.
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