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Improvement and Application of Imaging Technique for Trace Elements using lon Microbeam
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Abstract

In the H27-3 project, micro-particle induced X/gamma-ray emission (micro-PIXE/PIGE) analysis using MeV-class
proton microbeams found wider application in various field such as medicine and environmental science by the
development of the sample preparation and the analytical method in the 2015 fiscal year. In “Pulmonary Aluminosis
Diagnosed with micro-PIXE”, a patient diagnosed as idiopatic pulmonary fibrosis were corrected as pulmonary
aluminosis with micro-PIXE. This paper is an important report showing the usefulness of micro-PIXE for diagnosis of
aluminosis and pulmonary diseases induced by inhalation of particles in work places. In “The time-dependent elemental
analysis of silica in lung tissue of silica inhaled mouse”, Fas and p62 expressing histiocytes were co-localized in
granulomas with silica particles that showed an increase of iron levels on silica particles in mouse lungs. Iron complexed
with silica induces apoptosis, and may lead to dysregulations of autophagy in histiocytes of granulomas, and these
mechanisms may contribute to granuloma development and progression in silicosis. In “Elemental and
immunohistochemical analysis of lung and hilar lymph node in a patient with asbestos exposure”, macrophage via
lymphatic drainage plays an important role in the intrathoracic translocation of inhaled particles. This paper showed
micro-PIXE/PIGE could be usefull for analysis of the inhalational elemental distribution and quantification in the human
body. In “Boron Analysis for Neutron Capture Therapy using micro-PIXE/PIGE”, freeze-dried cells exposed to
boronophenylalanine was measured using micro-PIXE/PIGE. Element distribution images were analyzed using
MATLAB, and calculated the ratio of intra cellular boron concentration to extra cellular one. The ratio reached about 2
with U251 human glioma cell lines. In “Innovation of Hyaluronic Acid and Protamine Nanoparticles and Their Ability to
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Release Contents upon Radiation”, the particles, which release anticancer drug with response to radiation, was innovated,
and their ability was tested in vitro. The particles were generated by mixing solution of protamine and hyaluronic acid,
supplemented with carboplatin (Pt-containing anticancer drug). The hyaluronic acid released anticancer drug with
response to radiation, which may lead to the targeted chemoradiotherapy in clinics. In “Analysis of Elements in Multiple
Myeloma Cell Line using In-air Micro-PIXE”, the association between elemental change in multiple myeloma cells and
anti-myeloma agent such as melphalan, thalidomide and bortezomib was evaluated. The influence of bortezomib on
multiple myeloma cell line was investigated by in-air micro-PIXE. There are no differences in distribution of P, S, Cl
and K in the cell treated with OnM and 20nM. In the cell treated with 50nM bortezomib, Ca accumulated in the nucleus.
The Ca distribution may associate with the bortezomib-induced cell death. In “Analysis of Distribution of Zr inside an
adsorbent for the extraction chromatography technology”, Decontamination performance of Mo and Zr by the extraction
chromatography using adsorbent with HDEHP extractant was demonstrated by batch-wise adsorption/elution
experiments and column separation experiments. Adsorbed Zr was stayed inside the particle even after contacting with
eluents though Mo was selectively eluted from the adsorbent by (COOH), solution. The residual Zr must form complex
with HDEHP, and it was revealed to have periodic structure. Distribution of the residual Zr inside the particle was
evaluated by micro-PIXE and PIXE-CT analyses. In “Analysis of Element Localization within Poplar”, model tree
poplar was subjected to the external supply of CsCl on its leaf for identifying the relationship between potassium and
cesium localizations within the plant body. In the stem and the node, K was accumulated at cortex, endodermis and
cambium. The K amount in the pith tissue was obviously low. About the Cs localization, the cortex tissue in node
contained relatively high concentration of Cs, but the micro-PIXE image was not clear. These results indicated the
similar distribution of K and Cs, but the further investigation including the application method of Cs is necessary. In
“Three-dimensional distribution measurement of cesium in clay particles”, PIXE-computed tomography (CT) was
performed for investigation of Cs distribution in clay particles three dimensionally. In “Calibration of Analytical
Sensitivity for Heavy Elements on Micro-PIXE System in TIARA by Standard Reference Material”, standard reference
material (SRM) for determination of trace elements in biological materials was made by macro porous cation-exchange
resin. The SRM was used for calibration of analytical sensitivity for several elements on micro-PIXE System in TIARA.
A new SRM was prepared for calibration of analytical sensitivity for S, Fe, Ni, Zn and Pb. Moreover, in “Development
of Analysis Software”, a new analysis software for quantitative analysis in micro-PIXE.
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Figure 1. Elemental analysis: The intensity of the element
materials in lung tissue is shown by gray scale. White
dots indicate the location of elements in the lung
specimen. (A) This case, (B) Idiopathic pulmonary
fibrosis without occupational inhalation. Phosphorus was
markedly observed in both lungs from the patient and
from control. Aluminum was prominently localized only
in the patient’s lung. Silicon was slightly detected in the
patient’s lung.
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Figure 2. Fas expression was higher at the sites of heavy
silica particle deposition area compared to light
deposition area in silicosis mice lung on day 56.
Polarizing microscopic analysis indicates the heavy silica
particle deposition and light silica deposition.
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Figure 3. Boron analysis for U251 cell
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Figure 4. Nanopaticles imaged, basing on Pt-destribution
by micro PIXE camera. A: Before radiation. B: After 10
Gy radiation.
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Figure 6. X-ray spectrum obtained by micro-PIXE
analysis on adsorbents

10. Y4V APIXEIZ&K AR TSHATERE
DERHT

R DRERRAFTIIIMERD L bUHEEIND
TENH D | xRS A b LR ISEIZEB W
THEERHEZH->TNE, THEETHITOWVT
HZDRIEZE L NTT D & HBEFIREAE & o] 9
5 ECHERICEETHD, X MEFHLIZLHEA A
— VU RETHDLRRA~YA 7 v PIXE I, EHoo
FORIFFHIENFRETH V. DOEfREE 7218035
HILD Z LD, WK ORI FE 53 A O FRMT
WCIERICHE 2 TIETH D, AT, BEE—
R FMIZ XL > CTREP KB Sttty o
LADORBIARIZE T EEBIZRICE A Lz,

10.1  SEBRHE

UL (Cs) DRTEMATIZIZTET VBATH S
RTZE2HAWZ, NTRREHRCEENIZHEE LR
77 OHEMIZ 1 mM CsCl % 20 uL F A TEM A B S
., EERNAEFHR L, SfsEE 7Lk
%, R ARy Nica L, 7944
278 b—AIZLVER LTSI 2R Y Ih—FRRA
N7 4V AICHES . 3MeV D2 kv A/ B —
L ME 5 Z Ll k0 i & RE XA HIE
L7,

102 FERBIOEL

Cs DJRIEEHLMNIT 5 LT, FIZEEhTn
HRAROMEE D N FOHELZHMEICE b2 TE
LT EMMETHD, CsDRIETHRTHD I U A
(K) 3HIcE > TOMHETRETHY . &8N
RKEWZ EmD, A 271 PIXE &AW ERERI 2R
W LTS, R TOXELHERRE L TKJBE
ZEIELIZEZ A (Figure7) . KIZEE (co) . W
B (en) | JEAE (ca) 1ICZ< & FE4L, #f (pi) T

R 27 AR LR B AR B R A 3[R AFSE
EHEE AL ORI S

WA EMHABLNE o, —REIIC K IZHE D
WHNZEENTWVWD EEZ LN TWVWDLIN, Bohiz
IR Z KM L= E > T, 2Ok
MO R EREICHNICE TN TV K 23 L.,
JEFRZ & 2 HIIaBE I & S = ATREME DS R S T2,

HEHSRICE TN 5O EREBIZICIZE L TV 5
D, EZXZTWLHIRETORFEREEZRIET D7D
IFBETREIETH D, RIZCs ZRINSH7-HED
MIFRTHHHEZHWT Cs RfERBELEZE 2 A,
BEAEAR (pi) TR (co) TEWEW D A
NI (Figure8) . O DFERMNDL, AT
T OEIZBWT Cs 1 K R RfEREREZ R~ L
PDREINTz, TVHRZ: Cs V7L 2B 0ERH
L, B OMBRICITNUHEEBESLSTFEDS LR D
B AMETH 5,

Cs localization

Figure 8. Potassium and Cesium Localization in the Node
of Poplar
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Figure 9. Cross section images of Cs in silt particle
before/after applied correction
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Table 1. List of X-ray Detector on Micro beam PIXE
System in TIARA

: FWHM
Detector Active Crystal @59
(SSD) Model Al’eflz Thickness eV Position
/mm /mm
eV
A PGT
(Si(Li)) LS30135 30 5 135 Vac.
B CANBERR
(PureGe) A 100 10 118 Vac.
urebe GULO110
C PGT .
(PureGe) | 1GX100138 100 10 138 Air
D* APTEC
(PureGe) PS 305- 250 12 310 Air
D7.5C

* Repaired in 2015
122 fEREBE

122.1 ®5c% A SSD OFHKIE

Table 2 (Z, 2016 04 [BIJI7E (2016) &5 F[A (Si(Li))
¥ &L D), 2012 FHIERERIA (Si(Li) **]
Z 719, PGT LS30135 D3 fifHEl L. S-K ,, (2.307 ke V)
75 Pb-L,, (10.550 keV) (Z2F T?D FWHM (%,
110-220 eV T v | HilEl OB IERE & [AEEIZ H M X
DY — 7 5B TH D Z RN BN, 4
WrREE T, MRE L2 TOILHET, 3 EREKRE
IpoTWnD, JFIKIIARIZEA, BHEE O E <
I LTI LD EEZBND, MIEAD
EATREICRES S BBE5 25, A7 n PIXE
VAT KMIMERHETH Y xR ENNZ bR
TWD, oHHE, FrlCEEEOMEICIT, EEDE
L X DRERENFERFLETH D, £, ~1( 71
PIXE OHIEERIT 10 FefiERe & 725, A RIOWPE
BT, To7TOFAL B do< D KUY 7 RL,
Bt X O — 7 (LB 5 ch TR E K % L F—lic
T LT, =LY hu=g AL EMREBEATY
LZOMBHNIRNR, BEREEAZ B Z 725 2 —W
—F, ZOZEICHERE LTRSS,
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12.2.2 #EJyLFE A SSD OFHKIE

A& B % Table 2 ®[D (PureGe) *]IZ/~x79 ., PS
305-D7.5C & L — Al O RpE X BRHE I
ASNT AT, BELEOSITITENTH D &
FPEN 5, Fe-K,, (6398 keV) 7>5 Pb-L, (12.612 keV)
T® FWHM 1Z. 330-380 eV Z K< . A~ hLT-
DB E o7z, 72 & 21 26Fe-K;, (7.057 keV) 73
28Ni-K,, (7471 keV) & EZ2 DAV, ®Ni-K,, O
— 7 BIERRRE IR oo, THUTAAT MIVIRMT T,
HOREMETE D, Lo LB, AWEE i,
Fe (Zxf L C Co, Ni OFH&ITEE /I0LLFTHD
DT, AT MVTFHICE Y, EEREOHKE., WE
DHFTESNRZNWZ ENTREIND DT, HfRkE
O ENEEND, SEREIXZNE THWEST
DORIEZF Thrb K& <, PGTLS30135 (Zxf L T Fe
MNH PhIZH LT 400 TEDEELZRLTZ, 20D
PS 305-D7.5C {22 TITEERRT D 2008 4212 Zn D&
EARELTEY, TOREIL150 £ 10 (n = 8)
THY . SRIOFBRLE LIz, BERD OBk,
EaEfblic, RERBAZRET L EMFsN5, L
ML, BEENIESR, Ry 7 7T 00 RE7ZbHEE
X BN, AT MVEIRIZIENY . SIN tbE FiF T
W5, Fe 725 Pb DAY NVIEITIZEB W TI.
150ppmv OEFH &EIIKI L T(E—Z kDB 7 1)
| N7 7S RGO T b)) B 12RBET
H Y PGTLS30135 @D 20 LA EITHA~TR D /hE 0,
Ny P TT7 RRRENVT LT, ERBICBOLTIEAR
TeEM M, BB W TIE A A4 o8
DN 5, BEOKEBREZILID, NXv I 7T
7Y FOEBPILETH D,

Table 2. Analytical Sensitivity for Elements by Several
X-ray Detectors on Micro beam PIXE System in TTARA

Sensitivity / Count pg”' nC™' (n)
A (Si(Li)) * A (Si(Li)) ** B (PureGe)
Al ND 10016 (14 10119 (6)
s 22+13 (5 74+ 13 (13) 77+ 14 ©)
Ca ND 7= 14 (14) 58+ 12 ©)
Mn ND 38+5 3) 23+4 3)
Fe 72x7 3) 3Bl ) 2+8 3)
Co ND 24 =10 (© 177 3)
Ni 49+ 3 6) 1526 8) 915 3)
Cu ND 18=7 © 12:5 3)
7n 27+3 6) 10=2 ) 6916  (3)
Sr ND 1206 ®) 1209  (3)
Pb 58x05 (5) | 10+03 (14 | 07x02 (6
Sensitivity / Count pg”' nC™' (n)
C (PureGe) D (PureGe) *
Al ND ND
S ND ND
Ca ND ND
Mn | 140£22 (3 ND
Fe | 130+23 (1) | 34040 (&
Co | 9140 (6) ND
Ni | 6511 (8 | 210£28 (&
Cu | 6522 (6) ND
Zn | 62x11 (8 | 16015 (&
St | 4713 (8 ND
Pb | 53+15 (14 | 44=5 (@4

*This work, **Measuerd at 2012
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Figure 11. Screenshot of Plugin for Image
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Figure 12. Screenshot of new software for quantitative
analysis
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