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Creation of chemical separation methods and the determination of excitation functions for Np-spike
production

NAKAJIMA, A., SAKAGUCHI, A., HAYAKAWA, Y., HABA, H., MATSUMURA, N., TERANISHI, K.,
MORITA, R., YOKOKITA, T., KOMORI, Y., Yang, W., MORI, D., Harin, K., YAMASAKI, S., Zheng, J.,
SUEKI K., YOKOYAMA, A.
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An effect of incomplete fusion on the Np production in the ***Th + "Li reaction
TERANISHI, K., MORITA, R., HAYAKAWA, Y., SAKAGUCHI A., NAKAJIMA, A., KOMORL Y.,
YOKOKITA, T., MORI, D., HABA, H., YOKOYAMA, A.
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A recoil correction method of fission cross section measurement in the 2*2Th+’Li reaction
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Production of 22°Ac in the 232Th('*N,xnyp)?2°Ac reaction
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[Introduction] 2**Ac is one of the most promising alpha-particle emitting radionuclides for
targeted radionuclide therapy [1]. However, a stable supply system of *2°Ac has not been
established yet in Japan even at the basic research scale (~100 MBq). In this work, we
investigated the feasibility of producing **Ac in the 2**Th('N,xnyp)??*Ac reaction using the
RIKEN multitracer technique [2].

[Experimental] Metallic 23?Th targets (69 mg/cm? x 6) and *’Al energy degraders (415
mg/cm? x 2) were irradiated with a 132 MeV/u "N beam extracted from RIKEN Ring
Cyclotron. The typical beam intensity was 20 pnA. After irradiation, the targets were
subjected to y-ray spectrometry with Ge detectors to determine production cross sections of
225Ac¢ (T2 = 10.0 d) and its precursor *°Ra (712 = 14.9 d). 2*2ThO, pellet targets (1.1 g/cm? x
2) were separately irradiated with the 132 MeV/u “N beam to develop a chemical separation
procedure of 2Ac from the 2**Th target material as well as many nuclear reaction products.

[Results and Discussion] The cross sections ;‘; AN
of 223Ac and ??°Ra were determined at 132 and ai ] 2 AR X
........ Ra PHITS
116 MeV/u by following the 440-keV y-ray .’g 181 O ™RaExp. (this work)
16 -
intensity of *"Bi (712 = 45.59 min) on their T 14
= ool ‘N 3 ————
radioactive decay chain for more than 110 days. € :g ---------------------------------
Q10 S T
In Figure 1, excitation functions for the o g "’
B2Th(**N,xnyp)**3Ac;*?°Ra reactions are shown S :f ----------
. g ©
together with those calculated by the PHITS 2 [ =
(Particle and Heavy Ion Transport code S %0 80 100 120 140 160 180
System) code [3]. The PHITS code reproduces "N energy (MeV/u)

Fig. 1. Excitation functions of the
B2Th(™N,xnyp)***Ac;** Ra reactions.

the of 2%Ac,
overestimates those of ?>Ra by a factor of 4.
The production yield of 22°Ac¢ was evaluated to be 3.3 MBg/puA-h at 132-80 MeV/u by

normalizing the PHITS function to the experimental cross sections. Based on our typical

cross sections while it

experimental conditions (incident beam energy: 132 MeV; beam intensity: 1 puA; target
thickness: 4.5 g/cm?; irradiation time: 2 days), 150 MBq of 2*Ac can be produced at the end
of the irradiation. In the symposium, the chemical separation procedure of **°Ac and the
quality of the purified 22°Ac will also be presented.
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[2] Y. Ito ef al., Phys. Rev. Lett. 120, 152501 (2018).

Development of an RF ion-collection system for nuclear-chemistry studies
SHIGEKAWA, Y., YAMAGUCHI, A., SATO, N., TAKAMINE, A., WADA, M., HABA, H.
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Half-life determination of nuclear excited states of *Th by the a-y coincidence measurement of
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Discovery of »**Np isomer and its decay properties
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A thermodynamic study on the complexation of actinides with transferrin.
SUZUKI T., KOBAYASHI T., SASAKI T.



Development of a rapid analytical method for U, Np, and Pu
1 BOZ using ICP-MS and ICP-MS/MS in urine samples for patient
screening after radiation accident

(QST) OEWs, #at, & vy, WREIMH, HESEZ. ERE

g

CT

[#E] Internal contamination with alpha-particle emitting actinides, such as 2%U, 23"Np,
239py, 240Py, is likely to bring a large radiation exposure dose to the patient even if the intake
amount is small. In order to provide timely information for prompting decision making in
radiation emergency medicine, it is critical to use simple and rapid analytical methods to
obtain the valuable contamination level as soon as possible. Especially, in case of a large
scaled radiological disaster, a simple and low-cost standard method is critical to allow more
related laboratories to be involved in the activities of triage of mass-causalities.

[32E&] We attempted to develop a simple and rapid method based on the analysis of
ultra-trace level of U, 2’Np and Pu isotopes in 20—100 mL urine samples by the SF-ICP-MS
and the I[CP-MS/MS. A simple single chromatographic column packed with 2 mL AG MP-1M
resin (100-200 mesh, chloride form, Bio-Rad, Hercules, CA, USA) was used for the
separation of targeted isotopes from the matrix elements and other potential interferences.
Finally, 4 urine reference materials with Pu addition and 3 urine reference materials with U
addition provided by the Association for the PROmotion of Quality COntrol in
RADiotoxicological Analysis (PROCORAD), France were analyzed by the proposed method
and the conventional alpha spectrometry for validation.

[#582] After elution the major matrix element, especially Th, U isotopes were collected in
the 35 mL of 7.2 M HNOs elution fraction and measured using 2**U as a yield tracer with a
yield of ca. 10%. To avoid polyatomic and tailing effects from U during ICP-MS analysis,
after the U fraction collection, with the elution of 20 mL conc. HBr (47-49 %), 2*’Np could be
washed from the chromatographic column with Pu. The average chemical fractionations for
Z’Np and 2*?Pu during the entire analytical method were 0.978+0.039 and 0.947+0.043
(>*’Np/**?Pu recovery ratio, n=6, 1c) respectively for the urine samples without and with
Zn-DTPA addition, which is generally administered intravenously for chelation therapy after
internal contamination of Pu, Am, or Cm to increase the rates of elimination. This indicates
the inter-element fraction between Np and Pu was insignificant during the radiochemical
procedures. Therefore, 2*’Np and Pu isotopes were collected after U fraction and measured
using **?Pu as a yield tracer with a yield of ca. 70%. For the urine samples provided by
PROCORAD, the results of U and Pu isotopes obtained by the proposed method agreed with
all those obtained by the alpha spectrometric method.

Development of a rapid analytical method for U, Np, and Pu using ICP-MS and ICP-MS/MS in urine

samples for patient screening after radiation accident
Yang, G., Zheng, J., Kim, E., Seno, H., Kowatari, M., Kurihara, O.
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Molecular-weight-dependent distribution of humic acid induced by
1803 gamma-irradiation complexed with metal ions
KRB T) Ol . IRRGE, fex KiEZ

[ Introduction] Gamma-irradiation field generated by radioactive wastes has been
recognized to affect the interaction of the radionuclides leached out from the radioactive
waste with humic acid (HA) in natural groundwater [1]. The molecular weight of the
complexes would be critical for the environmental migration of radionuclides [2]. In the
present study, the effect of gamma-irradiation on the chemical properties of humic fractions,
and the molecular-weight distribution of metal ions in the presence of HA were investigated.

[Experimental] The Aldrich HA solutions prepared at pH 8 were irradiated by °°Co
gamma-source at 0, 1, 5, 10, 50, 100 kGy, respectively. The HA solutions were filtrated by
sequential ultrafiltration method (Fig. 1) in the range of > 100 kDa, 50-100 kDa, 10-50 kDa,
and < 10 kDa. Then, the difference in chemical properties among these four HA fractions was
investigated by TOC analysis and potentiometric titrations. After adding stock solutions of Cs,
Sr, and Eu (as an analog of trivalent actinides) to the initial HA solutions, the dependence of
gamma-irradiation dose on the molecular-weight distribution of metal ions was also evaluated.

i ¢ > ¢ > ¢ 2
et ; > - > - . e
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Dilution Dilution Dilution \
Fractions; UF, (> 100 kDa) UF, (50-100 kDa) UF; (10-50 kDa) UF, (< 10 kDa)

Fig. 1 Schematic diagram of the detailed fractionation procedure

[Results and Discussion] The obtained TOC data indicated that the gamma-irradiation
induced a decarburization of HA with the apparent size reduction of HA molecules. The
potentiometric titration data supported that the amount of carboxylic functional group
(—COOH) decreased in general trend due to the decomposition by gamma irradiation, while
that of phenolic group (—OH) increased. Though a smaller molecular-weight fraction had a
higher content of -COOH to phenolic —OH in the non-irradiated system (0 kGy), the opposite
tendency of the ratio was observed as the irradiation dose increased. In the presence of Cs, Sr
and Eu ions, the metal ions were distributed in smaller molecular-weight fractions with the
dose increased.

[References)

[1] Q. Zhao et al, Chemosphere. 256 (2020) 127021; [2] H. Geckeis et al, Colloids Surf. A
Physicochem. Eng. Asp. 217 (2003) 1-3.

Molecular-weight-dependent distribution of humic acid induced by gamma-irradiation complexed with

metal ions
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Structure of ruthenium complex in nitric acid solution estimated using DFT calculation
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Property of Dimetallofullerene Encapsulating Promethium
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1 BO6 Development of mass spectrometric method for simultaneous
determination of hard-to-measure Pu isotopes in
environmental and reactor decommissioning waste samples

(QST!, FIHER’Y: 2, Agilent’, Peking Univ.*) O¥BEE ' Fil?, FERERITS . BA R HY
J A

[4 =] So far, there is no established mass spectrometric method for simultaneous
determination of these hard-to-measure >**Pu, >*Pu, *°Pu and **'Pu in environmental mediums.
In this study, we developed an advanced mass spectrometry method for simultaneous analysis
of important Pu isotopes (?3%23%240241py) ysing triple quadrupole ICP-MS/MS by employing the
ion-molecule reaction separate 2*8U and 2*®Pu, which was previously difficult to be measured.
By introducing a desolvation sample introduction system, we succeeded in increasing 10 times
the sensitivity of Pu isotopes and suppressing the production of uranium hydride, we achieved
the detection limit of fg level in on-mass mode. We have developed a new low-temperature
fusion method for environmental and nuclear decommissioning samples. By combining these
new sample preparation techniques with the developed ICP-MS/MS detection, rapid Pu isotope
mass spectrometry methods for environmental samples and decommissioning related waste
samples were established. Pu, PO, U, UO
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100000 -

[52B&] In this study, the ICP-MS/MS (Agilent
8800) combined with an APEX-Q high efficiency
sample introduction system was used for the
analysis of Pu isotopes (***Pu,?°Pu, *°Pu and
241Py). An established chemical separation method 10
involving low-temperature fusion using NH4HF» 1
[1], CaF,/LaFs; co-precipitation and extraction ’ ” S ” mo
chromatography separation was used for the o ..o .. o 238, Q2 238
separation of Pu from U, Th and other  mass-shift mode:Q1 239..242; Q2 (PuO*)
interferences in sediment and concrete samples.
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Figure 1. Effects of CO, flow rate on intensities of U and
Pu, and the formation of UO* and PuO*.

[ 5] We combined the APEX-Q sample introduction to the ICP-MS/MS to optimize the in-
situ ion-gas molecule reaction technique to resolve U/Pu. As shown in Fig. 1, the signal
intensity of #*®U decreased four orders of magnitudes with the increase of CO, gas flow rate.
This ion-gas molecule reaction almost eliminated the interference of 2**U for the detection of
238py using on-mass mode, that is setting both Q1 and Q2 to m/z = 238, when 2**U concentration
is less than 20 ppt. Since the signal intensity of PuO™ is higher than Pu", the mass-shift mode
could be employed for the detection of 2¥-240241.242py jgotopes. For ***Pu, a detection limit of
3.7 fg/ml was obtained under on-mass mode detection; for 2**Pu, 2*°Pu and ?*!'Pu, detection
limits of 1.4 fg/ml, 2.9 fg/ml and 1.1 fg/ml, respectively, were achieved under mass-shift mode
detection. For the purpose of just analysis of 2*°Pu, 2*°Pu and ?*'Pu in samples, the APEX-ICP-
MS/MS without using reaction gas achieved much lower detection limits of 0.29 fg/ml, 0.09
fg/ml, and 0.05 fg/ml, respectively. These detection limits are ca. one order of magnitude lower
than those obtained with using CO; reaction gas, and comparable to the SF-ICP-MS analysis.
By combining to the developed chemical separation method involving low-temperature fusion
using NH4HF», the applicability of the developed APEX-ICP-MS/MS analytical system for the
determination of Pu isotopes in environmental and nuclear decommissioning samples was
demonstrated by the analysis of soil/sediments and concrete samples. High recovery of 83-87%
of 2?Pu and high dissolution rate of added »**Pu (97-98%) were obtained.

[1] H. Wang, Y. Ni, J. Zheng et al., Anal. Chim. Acta, 1050 (2019) 71-79.
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Development of mass spectrometric method for simultaneous determination of hard-to-

measure Pu isotopes in environmental and reactor decommissioning waste samples
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(] HEFE - FREERICL > TR SN BAMEDE ORIz, KICRETT A BE
RO EHERL - DIFEDNRE SR TS [1], 216 O R 113 P4Cs R ¥7Cs 2 5
ATEY, JEFNTERLELO LB X B, HEHER 1 O MR 04 i e % i 1
THIELET, FHIFOFNRNMIFICHEL TE D EHHFINTWD, SR 1T K
XL 2MHEIZHTOND T ENMOLNTEY [2]. P4Cs/VCs BRI TR ST B
TWo, A7 Bk, B+ ~8E pm & KE L RER T B4Cs/1¥Cs FLhne 2y 0.93 2
EDH 1 SHERERTHLEEZLNTND [2], T TARIFETIE, A7 B DK
FHERL T OIRERIC X D 20 ATV, b Y PV EBRGE S 77 X~ BB/ (L
T ICP-QQQ-MS) IZ X 5L iR E‘RIIT 2 AT,

[EER) HURVERL %2 ~ A 7 m MR LT A, 7 v b/KFEEE 2 mL & AEEE 3 mL & 0
2T, ~A 7 amE (130°C10 45, 175°C60 43) (2 K » CThfit ik iz, 10 18 o it
PERL T~ 2 3 i 1E B7Cs DULEN 82.6~102.4 %L @ oT=Z LD KE D BN oS-,
SRR DIRIE &2 B L 2 %R ERICIAME S8 T, ICP-QQQ-MS (2 L 5% 5% « [FAL IR
ExIT T, ZONMRIKIZ L DEINERITFRVER 6 ELHE (Cr, Mo, W) 72 & —#rH
ZERWTIEIZ 100% TH o 7=, 7 A BIZOWTIIRHERALLT & 2o 70, 0 L7 it
PERL DT RE R IT, BuEN S EEN DV Em S, EFREHIEARMIZ T
BELH TR VWECTHDH EEZXDHND, SEM/EDS i/ EnbEohTng Y —4
FIRAT T AL BZBEZTFERWVERTH D, ICP-QQQ-MS TIL ek 70 LBt #H T
bOHTAFEROBELEDNTTHZENTERY, £7o. ALK, Zn 2 EDOIuHE b KN
WO 2EKBER/DLZ ENTE RV, £ 2 T4AENT SEM/EDS OfER LA bHH Ca
THHILL CEELRENOWMELEEI TCOEREToT2, TRTOBHA AL ITHONT
B THEET L ENREL THREELRDDLZETEERBET LN LI, Si LoD
MR ZFRD L2 < OIEFIZIEOFHEZ L DM, As, Se, Ag, Cd, Sn, Sb, Cs, Ba, Pb, U 72
EOTEDOMBEBENEL 2oz, BT RET1BCs T, yBRAENLLDEL N
BiCs LD ERDDH LT ORFDHH 6 A, U OFMEFFHFEESHAERLTH D
1 &0, BURPER FICEEND BCs O REBHNEFHEFETH L LHEN S -,
UIZOoWTIHEENDEDN 1.0X1073 — 4.6 ng EIEFITIESL >N KELENT, I
4.6 ng s LIRFI3 ORI FICEERT 10 - 100515 Z<EENTEBY 7T L O%
bt Z&ATOWATREMEZ R LTz, 5 57z h 1 O & oo B O s F 0> bR 1A K
DBEEHRNT D LICHEGET L2 HMEET 5,

[1] K. Adachi, M. Kajino, Y. Zaizen, Y. Igarashi, Sci. Rep., 2013, 3, 2554.
[2] Y. Satou, et al., Geochem. J, 2018, 52, 137-143.

Trace element composition of radioactive particles
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(#E]) 2011 % 3 AHOHR B ARBERIZHEWERAELZEES —H - HREFOFEKICLY,
BRI B DR E - NBREE P~ S Sz, TO—TERETH D S Cs & Ak 1
(CsMP:radiocesium-bearing microparticles) D95, JF3E 2 B H K72 B SiuD Type A IE
#1Bq D ¥7Cs 25 e EAE um OFRL - THD D, ZIVHIT I B AR LIRISHRHLL, AKIZx LT
IR THDHD, BEPT CTEHMNREELZ LT Z L ABREIND, BB LB O A
2B, CsMP %1l 5y - IR IZ R E - B 1 FTRR 72 B S AR AT R Thh D, AMFFETIE Type A @
CsMP 2 FF O SR 1 KL L~V TRHIEIL, 2D ERZ X o hbifli T oLEb12,
BRYL I~ 05 CEDAREME IS DWW TRGEL T2,

[EER] FHYIFICIO um L FORGMEBEZHEL TWZSPMEH T — 7 A D55, HHAK
A HIT 2011 4E 3 A 15 HICHESNZL O 5, Type A O CsMP 43 BEL7=, 20 CsMP %
Z GBI R ER T (KR A eR) D=ar A A=V T IR ~FHIA R,
2%t b B EE (Nikon AIRMP) IZED 0 o r &2l L7z, AR E IR EL T
4 FEIHOL—W— (JZE 405, 488, 561, 640 nm) ZHEHH L TW\D, BT, KA &6 5%
SPring-8 (f& Ji W= HAR) D23 e — A7 4 BL37XU IZBWTC, v/ —A X %
F 2 CsMP D8 56 X #i (XRF) 43 #7365 KOV X R W LS i 3T 5 48 38 (XANES) i b1 % FEht L 7=,
i Doy BT HE B X O S EBR OFE NI T2 S a0 2,

[(#58] LD W O E, Type A D CsMP I3 E 405 nm DL —H — 2RI 5L T,
520 nm i % Dfk e DENEECDHIENHLINEIR ST, Type A O CsMP 137 A BRI T T A%
~hNIZREL, BB U BLOZEOE R AR IZIRBESNSEILHE, ZLTHFM B XD
TLREEG T, S EBRNSNIZE X, PIATICEB LS RAL L HOVIEIL R A4 1
L0 EB 2N, FEEOHITIEEL TREDENEZRTHTAFOAA LT, M2 e
U0 N ITbiND, £ZT, ZNODAF 2 G TAOMKREHEL, CsMP LFRICSEHT
MELIZEZA, U0 & H AT AT 2k 0w a2 AT T20, Mn> & H AT AL 405 nm
V=P —ORH TITHEEEZECRWIERH LN RS, L EXY, RAFZE TR S L
Type A @ CsMP Ofk i K 1x UOX I THH A REMEN E VY, ZO Al REMEZ IR GE T 5720,
WO AR LTZ CSMP IZ DWW T XRF AT &2 FEIE L7224, /N eRH U O LR Sz,
E51T, U-Ls WL S XANES fif 112 &> T CsMP 1D U DAL Z20R B2 3 7= 56 0, & IR
ELTHIELT. U0 & B T AL XANES AV MNLOTGHR NI —E L, w6 & OfE B
AT bz, AR THEITRE IO B EZ<AFET L0, EEEBIOR K EE
RETHZELICLST, FFEDHENME DA% TIRWICFEETHIEL AR THD, RHFSET
15072572 Type A D CsMP 238 D a0 R M3, CsMP &l 2 D i (8 1250 Bfe - [ 5%
FWMF ORI DT NHEMRFLTZ W,

1) Y. Igarashi et al.: J. Environ. Radioact. 205-206, 101-118 (2019).

2) Y. Abe et al.: Anal. Chem. 86, 8521-8525 (2014).

Fluorescence property of radiocesium-bearing microparticles emitted from Fukushima Daiichi Nuclear
Accident

ABE Y., ONOZAKI S., ISHIKAWA M., NAKAI I., KITA K., IGARASHI Y., OURAY.,

TSURUTA H., MORIGUCHI Y.
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[(BE] WEE —JREFHIT L > TRATITHREB LB E D 5 B, ik Cs Hoki +
(CsMP: radiocaesium-bearing microparticles) & FEIEAL D REMEDORLF N FAET D 2 & 350
HITND[1], T ORAIFERNICIEE LB TICBER R A5 LT 2720
fEFE~D LD HERRERENBREIN TS, FRKIPO=T vy )VRFI3E DOHE
2D e MROEWNERTOIRE DS KIBICEE S D[2], BEHEO =T v VK132 D B
AREEICER T 2B MG L TAFEFET S Z <‘: DI SN TWAH[3]728%, CsMP
DR B 2 IEFE N T 2 72 OIIZZ O EIRBIZOWVWT OO DT T 2 H0E R H 5,
L L7Zen b, EEREE T D bERE S AL 7R 1 < @afﬂéﬂiﬁa}’ﬁﬁﬁ?—ﬂi%{ﬁﬂﬂi@”E) FHEIT
RIEFLENTE LT, &0 DT EROREEH R FHHROR A2 HO>WTHIE L7z
BliE7evy, & Z TAMSE TIL, KPFM (Kelvin Probe Force Microscopy) 4% VN CTh1 @
KB ZHET D FIEL ML L, CsMP OFE 72 ERHFEZ B O T 52 L 2 BEY
L7z,

[5EEX] KPFM |% SPM (Scanning Probe Microscopy) DHIEE— RO 1 FTHY , 7'rn—T7 %R
I ERNoEEL, REOHESC L 2REEH O {bE KT 22 LT B O
Mg &L REENEBR ARG T2 2 LN TELHHELETH DH[4]. ABFZE TIXEERUE
Frid SPM-9700 @ KPFM E— R&ZFH L, B> FL/3—|ZlIn | a)
W R—"7"2Y 22 (Nanoworld, EFM) ZfiH L7=, B L 72 ’
CsMP I 7 AEMR LD I —R o7 —FIEE Lic, 72,
BRI O 2RI E 572D, 1 % NaCl 7k{4§{1527%”*é“?§
WEIHTR - E2HET ORI OT T v o N—NTHiE
SEME L,

[(BR-EE] AlICHEIEL NaCl K70 KPFM JIERRZXK 1 ——am—  coxiooom
IR, HES U T ORMEMIL, R E TR LNICR T R
o Tz, FRRIC, WERORE S e ZL R 2
DREEAT>72& 25, KPFM I XD REEM & EHKOM o= - -
IC—E OB RSN DRE L oo tz, AHRITZOREL : o
CsMP [ZHEIRE T 2 720 DR 217 9, = 3§‘4HW
[1] Igarashi, Y. et al. (2019) J. Environ. Radioact., 205-206, 101-118 | 2 H ‘
[2] Cohen, B.S. et al. (1998) Health Phys., 74, 554-560 T s mexiesum
[3] Gensdarmes, F. et al. (2001) J. Aerosol Sci., 32, 1437-1458 X 1 RHFERI D KPFM HIE
[4] Nonnenmacher, M. et al. (1991) Appl. Phys. Lett., 58, 2921-2923 e (am SR, bAENLR)

Application of Kelvin Probe Force Microscopy to the measurement of surface potential of

radiocaesium-bearing microparticles
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(E] BEE R HREBEFOERICIY, =7 0V i Eia g Tl e
W INTEEBZ N TSR, FFIZ, B um 258 E pm O K E I DKL AR
PR REHERCRL 1 (LUF . REEMEMRL 1) DERETOLLZHERBEAIN TS, ZOFR
WYEBORL TIIKRCBRIC RIE TH D Z & n, MHEORELZ H HRER LI £ $RE
FIZEELTWAEEZLND, LENR-S T, ZiOBEET O REMMR T OME %
LSRN ZLICEY, TOAERBIOHMHBRIZOWTOEHRSIHE L, 0N T
XENDNER LEFESEOR FFARNOBRREICOVWTOHERN GO D EMFEIND,
RIEVERL - O EHC AR IBRR I TTR e E &2 b LIk A2 RHEEN 2 STV D 08,
WRTTR R ENPDLOHETH Y . MEMNZRLMITIGE O TRy, RIEEMEL 08
BFCAMGERREZ P O M T 2720101, EWOSITOHTIEZRL , HESNLDMELZ
b EATAREMERORL - 2 B ISR L, EOBII R 2 HFE T2 080 EL D,
ABFFETIE, FHFEOFR RN 24 E Lok & 22 55 R0 X 0 SIS ok - &2 &Rk L,
PEEEMORL - & B O RN PEMORL 1 D LR F 21T 5 2 & T, AN PEMORL 1 o0 A plos 2
RHWEEOFNEREOMPAZ B L, AR, &58 BT FEORE S 7 5 EE
SENTARRPEMRI 290 L. HEE SN 2 INEUEal-+ 2 2 812 X - TR SRk
TEARL, TNO OB EZ1T > T2,

(SRER) R LV BA SN RIEEME T (Wb 2 TypeBhi -, LAFRL) @
EAE - HMSE (SEM) I K28R B L0 2L X—08M X #o%iE (EDS) (12
LD BN EAT o7, FTo. RIEEMEWORI 7 OB & U THER L 72 BE#E - K OB K 72
Ex BRI TME L CHRIEIRL T D ER Z1T - 72, BTk 1 IRME % SEM-EDS
XV, BRET DR LS RIEMK T & R RE L7,

[#ER & EE] RNRMEMRLF O EDS 5472006 Km0 HEAMK I 0, Si, Na 2 1A
THO., ZTOM Ca, ALMg 2 E 2 &L Z RN o 7-, £/, SEMBIZRICL Y, B
DORRL T OEHE D 0.1~1 pm FZE DO RO W= IERN R s’ (Fig. 1), #MElB X
OHE N D, ZOWKRITERLETHDE L E XL, REEMB OB O —2 L H#iE
L7z, 7o, — AR LIX SIO N EMRSTTHY , NalIETHLZ L b, Hiik
FiCz, Naz& L GhilKemBo—>LH#E LT, RN R
EEE L R OV Tk 2 B L C A3 & N 7 BRI T 0 EDS 42 [ N o
Brms & BERRL 7 O il O e FFKIX O, Si, Na WEERTH Y |
ZDfh Mg, Al, Ca, Fe 2 E 2 B Z L3 inoiz, Thbb,
RVEVERCRL 1 & M 6D TUTWFRER O BN - N Bk S vz, — D
ORH L LT, FHEEMONOB TR FIFNICHEELERE ¥ £ 3
B WA ERMBES L, VPR OB TR 2Ty L5 200m
AL TREMERL TR L7 B2 D ZENTE S, okt ' )
FHZ X DT bIT o 72O T, FEMITARIC TRET S,

[1]Y. Igarashi ef al., J. Environ. Radioact., 205-206, 101 (2019).
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Analysis and simulated generation of the radioactive particles emitted from the Fukushima nuclear

accident
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