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BEIRNLF—XBES BT RAF —XRRSOBREBEZRBEL 2D XD ICH

Fig.1 Tokyo Institute of Technology Van de Graaff laboratory PIXE port
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M7 ) U ADBDTC)D 0.1% A & ) —ABiEEM X T Mo & 2512 DBDTC 44k &
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oo BRLLICRBHI T m b B — L2 BE L, BAELLEE XBE L FU 7 R A
Si - E A 2R Si(Li) THX L,

Salt 1g was dissolved in H,O (ca. 10mL)

and then percolated through 0.4um membrane

<+— Mo(VI),10pg
<+— 0.1%DBDTC/MeOH, 2mL
Stirring

Neutralized to pH9-10 by 1M NapyCO3

l

Percolation

(using Nuclepore Track-etch Membrane)

Membrane was irradiated by proton

l

X - ray spectrometry

Fig.2 Procedure for preconcentration PIXE analysis
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BT 72 FB 5T S B MR HS2 % Table 1 IC#8VT 7z, BHLEZ 50nA BEF T L
2T LICk D AONRERY T SWEREZERT 5 I LN TE 28, AERTEA
T LT AN R CRE LT REI N E SR TH D MBREERETH D
9—10nA DLy U TERHE L, REER 1ITHER) =F LUVRIREE AVENT,
[ET XA E—X BEFATEILICLVBEEREY, EREFHER 201 1000pm @
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Y. BIAAR—XBEHATEILICE ) PERRLRE L, REEOTX
N — S EBEDS K\ Canberra fHER HEE AT XA R—X BEHEALE L TRV,

Table 1 Beam conditions and detection system used for PIXE analysis

Particle Proton
Beam Energy 2.5-3.0 MeV
conditions | Current 2-10nA
Charge 1-10uC
Beam size ca. 5 mm
Detector A Canberra Si(L1i) detector
Detection | Thickness of Be window 25 pm
system 1 Effective diameter 4.0 mm
Effective thickness 3 mm
Absorber Not used
Energy resolution 157 eV (Fe-55)
Detector B ORTEC Si(L1) detector
Detection | Thickness of Be window | 25 pm
system 2 Effective diameter 10 mm
Effective thickness 5.67 mm
Absorber Polyethylene of 1000 pm thickness
Energy resolution 180 eV (Fe-55)
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Fig.3 Efficiency curve for pre-concentration PIXE method
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Fig.4 PIXE spectrum of trace elements in insoluble materials of salt
sample ID #2 in high-energy region
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Fig.5 PIXE spectrum of trace elements in insoluble materials of salt sample
ID #2 in low-energy region
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ACE2VWOT, —fELTAsEL LTWD,

0.06

0.04

0.02

Concentration of As, ppm

1 2 3 4 5 6 7 8 9 10
Sample ID
Fig.6 Distribution of As between soluble and insoluble constituents in salts

Table 2 Chemical composition of insoluble materials in salt samples

@ soluble

B insoluble

Sample Concentration (ppm)*
ID# Mn Fe Ni Cu Zn  As(+Pb)**  Br  Sr

1 0.058 14 nopeak  0.023 0.033 0.005 0.10 0.11

2 1.1 2.9  0.038 0.024 0.05 0.025 0.062  0.576
3 0.013  0.79 no peak 0.02 0.004 nopeak  0.018 0.051

4 0.10 6.1 0.015 0.001 0.03 0.041 0.018  0.038

5 0.72 16.6  0.089 0.067 0.097 0.063 0.035 0.42

6 0.12 1.0°  0.04 0.02 0.12 no peak 0.024 0.68

7 1.4 7.1 0.017 0.007 0.11 0.02 0.022 no peak
8 no peak 0.68 nopeak nopeak nopeak  no peak no no peak

peak
9 1.6 6.2 mnopeak  0.005 0.09 0.015 0.013  0.019
10 0.004 0.18 0.007 0.042 0.001 no peak 0.005 no peak

*Normalized by total weight of salt. When the mass of insoluble materials was

used for calculation of each concentration, concentration of each element will be very
3. . .

large (more thanl0” times). This means, for example, that concentration of As for

sample ID#2 reaches 25ppm.

**The energy of PbL, and AsK, X-rays are nearly the same, 10.54keV and 10.53keV,
respectively and cannot be differentiated for individual determination as they were.
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IZIBE 72D T, Fig.6 XN Table 2 1278 LIZBEE D 1000 fELL EIC72 5, EE. b
FILOWNWTHB L, HRLBEOE ID#5 ORE T3 63ppm UL EIZ72 5, HefEtks
SFERELLTLINOEBFOLRBERE LBV (0.047ppm, Table 3),
EOEEE S BERELREEATV IR, FEBRSYTICEER VLD LB B,
ZOREE LT, (1) B&HEHCHEFET D, X (2) ITROBRT TREMKS
BREATD. LWVI2O00RBEEZOND, AFETHFTLIZERB PO R
B, BTESPREL TV IREEELT THH N, hoEilR] m%ﬁ@%w
bDbLHDLDT, LETHLENRD B([7], FABREKSFOFETLRITABICE T
HEICHBETZ DD, BALZWESY ITRZERT L& ’BEE“C%%&O

Table 3 Heavy metals in soluble constituents of salt samples

Sample Concentration (ppm)
ID# Mn Fe Ni Cu Zn  As(+Pb)* Br Sr
0.022  0.19 0.003 0.053 0.12 0.009 0.019  no peak

ot

2 0.21 0.071  0.04 nopeak 0.08 0.014 0.025 0.021

3 0.38 0.10  0.007 0.019 0.10 0.006 0.025  no peak
4 0.19 024  0.016 0.010 0.087 0.010 0.007  no peak
5 1.0 025  0.024 0.002 0.10 0.047 0.022 0.008

6 0.005 0.023  0.009 0.003 0.10 0.005 0.035  no peak
7 1.4 0.26  0.017 0.007 0.11 0.02 0.029  no peak
8 0.077 041 0.036 0.002 0.089 0.01 0.051  no peak
9 1.7 029  0.015 0.003 0.10 0.02 0.021  no peak
10 0.21 0.084 0.011 0.006 0.13 0.024 0.016  no peak

*The energy of PbL, and AsK, X-rays are nearly the same, 10.54keV and
10.53keV, respectively and cannot be differentiated for individual determination as
they were.
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BRI PICRBT 2WMERDIBERETH D00, RERETH DO, TOHTE
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5. 5B DOMREA

KEDO NaCl = FV) v 7 AhOWEESEB Y FFRERBSIT T 5 FEZEBRFLL
B, —pa—F L IOFRRY—AERAVEZEICLY ., BAOFOBTERNRER
DR EFMTHI LN TESERRALTBEL L, w2 U A DITHRBBEL
THERTAY A Z7a bty Z—RRELTWAEIHITRAOR— F2ERTE
585 bH 2D THAEDENIE, BEDY I A LZERTE D,

As & Pb D45 BNE, ©— 27 BEREWGEIX X BT LF—BRLTHDDT,
BE T2V, Pb iX Low Lp. LyD 3ABEEINDET. BEZRETOIRBLH
ITTIEDL LA, BOESICITEBEE 2KV AATRET 2 REPERERZ- T
< B, ¥, BERSOILFESHIL PIXE b ICP-MS b BEMTIIEEET, L
SR T TR BICHIET 3 2 L2 b, REEZ AV IEBELFERSITIC LD,
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PIXE N— MIREBETOFHEZED TV D,
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Risk-management study of trace elements in deep-sea water and salt products using the
non-destrucitve PIXE method

Grant-aided researcher: Masamichi Tsuji (Tokyo Institute of Technology, Research Center
for Carbon Recycling and Energy)

Collaborators: Katsunori Kawasaki (Tokyo Institute of Technology, Graduate school of
Basic Physics); Takashi Niizeki (Tokyo Kasei University, Department of home
economics); Toshiyuki Hattori (Tokyo Institute of Technology, Nuclear Reactor
Laboratory); Hitoshi Imazeki (National Institute of Radiological Sciences)

In Tokyo Institute of Technology Van de Graaff laboratory, high-resolution Si(Li)
detector was newly installed to set up the advanced X-ray detection system consisting of
two sets of Si(Li) detectors and the rotation sample holder which can set 12 samples. In
the present study, simultaneous multi-elemental analysis towards development of trace
elements management of salt products was carried out using this advanced X-rays
detection system. Insoluble constituents were collected by percolating through the
Nuclepore Track-etch Membrane filter of pore diameter 0.4pm. The\efﬂuent was spiked
by Mo(VT) as the internal standard, and then heavy metals were collected by complexation
with dibenzyldithiocarbamate (DBDTC) on the membrane filter, In these procedures,
matrices of NaCl could be effectively removed to determine more precisely heavy
elements. These filters were irradiated by 2.5MeV proton beam for PIXE spectrometry.
These analyses of salt products showed that the insoluble constitutents in salts were
calcium silicates or aluminosilicates containing As and/or Pb, heavy metals and alkaline
earth metals. The level of arsenic content was below the concentration standard proposed
by the Sio Kogyo Kai, but some of other salt products showed higher level of arsenic
concentration.  Thus, the solid-state multi-elemental X-ray analysis by PIXE was

effective for risk management of heavy metals in salt products.
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