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Chemistry of Superheavy FElements — Experimental Achievements and
2 S O 1 Perspectives
(GSI Helmholtzzentrum fiir Schwerionenforschung, Darmstadt, Germanyl, Advanced
Science Research Center, Japan Atomic Energy Agency, Tokai, Japan®)

Matthias Schidel'

Element 104, rutherfordium (Rf), marks the beginning of the transactinide elements. From a nuclear point
of view they are frequently called superheavy elements (SHE). Since decades, they have been in the focus
of very exciting and most challenging nuclear research programs and chemical investigations [1,2].
Ground-breaking atom-at-a-time chemistry experiments with Rf and Db, performed in the gas phase in the
aqueous phase, showed properties typical for a group 4 and a group 5 element, respectively; see [1,2] and
references therein. However, already in the course of these experiments some of the observed chemical
properties clearly deviated from those extrapolated within the respective group of the periodic table.
Experiments performed in the mid 1990's revealed for Sg typical group-6 properties [3]. However, Sg also
exhibited an unexpected behavior in one experiment carried out in the aqueous phase [4]. More and better
studies of the behavior of Sg in aqueous solution are needed for a better understanding of the chemistry of
Sg. Until now, no aqueous phase chemistry experiments have been performed for elements beyond Sg due

to enormous technical difficulties.

In recent years, new technological developments [5] allowed for elaborated and statistically very
impressive chemical studies of the lighter SHE in aqueous solution. They revealed detailed and often
surprising properties of Rf and Db; see e.g. [6-10]. So far, only one gas-phase chemistry experiment has
been performed with Bh [11]. A large number of experiments were carried out to determine and to exploit
the unique properties of HsO, in the gas-phase [12-15]. At first, the observation of a slightly higher
adsorption temperature of HsO4 as compared with the one for OsO,4 in a cryo-thermochromatographic
column came as a surprise. However, most recent fully relativistic density-functional theory calculations
are in excellent agreement [16] with the, by now, statistically very significant experimental result.
Experiment and theory show that physisorption is the crucial process in the HsO, deposition. Fast online
chemical separations with HsO, as the volatile compound were applied as an excellent tool to separate
element 108 for nuclear studies. The discovery and investigation of the deformed doubly-magic *’°Hs and

adjacent *"'Hs were highlights of these studies [14,15].

First gas-phase experiments to obtain decisive chemical information on element 112 (copernicium, Cn) [17]
and on element 114 [18,19] are the most recent highlights in SHE chemistry. All these experiments have
two things in common: (i) obtaining basic chemical knowledge of these elusive elements and establishing
their position in the periodic table and (ii) the quest for the influence of increasingly strong relativistic
effects on chemical properties of SHE. In parallel to the advancement of experimental knowledge, progress

Chemistry of Superheavy Elements — Experimental Achievements and Perspectives
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in modern relativistic quantum theory has provided crucial guidance and understanding [20] in SHE

chemistry.

The enormous progress in SHE chemistry experiments is closely linked to big improvements, and to new
and automated techniques, from target technology to transport systems, chemical separation devices, and
innovative detection system. Most recently, coupling of chemical set-ups to recoil separators begins to open
new fields in SHE chemistry [19,21-23] and it provides great perspectives for the future. Among those are
not only crucial experiments in the element-114 region but also those which, for the first time, will allow

access to a totally new field - the organometallic chemistry of transactinides or superheavy elements.

The TransActinide Separator and Chemistry Apparatus (TASCA) [24,25] is presently the most efficient
gas-filled recoil separator worldwide and it is focusing on the separation and investigation of neutron-rich
transactinide nuclides produced in actinide-target based reactions. TASCA has successfully entered the
SHE region with element 114 experiments [26], including a gas-phase chemistry [19]. In addition, devices
like ROMA and ARCA were successfully coupled to TASCA in Rf experiments [27,28].
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PEREY) DAERL O 72 DI I B TR EAG F DRI IA I 210 T 2 A 5T & Zeun &y 9 BFgE
DOF LMl &2 7~ LT 5,

L L, RYBFBUA A=V T TIEHED LD ITHEWMERNLITR Y ha Ry oF|
ATRENOI/KTHTLE Y, ZOOELNIBITHBOE SIC XL 0 SN R ) T &
WZ R & fRAT S5 2 L 13D CINEEE 72 %, & 2T, WISHREIDED 2 43D P0 2,
T DX T 2B < UEDO KNP EETE HPEEE ZMAN T, TORE., M ClIHE A
HIKEBESNA T EPBH SN TEEENSILFICELEO KD B O TE-
HEIZRD LW | HEROBEEE RE S BETH LWKIEEREEZ . P10 T, »oE&EMIZH
HNNIT DI ENTE, ZOKERIZHKERN 2T VAT T 7 ¢ FEER D L MR T,
Va2 lb—va TR 20 0T EZPICENE THEE L TWOZKOED 3038 L < IR &
NieKEBEHDD Z L3> 72, 0 O, RO *K oBhE ORIE, “VAERIC KDY
VEED ) AL LTCOEER Y 1ZE AL INE THREN RSN TE W ARV ITEOTE
BN L, £/, v~V F b —P—Z2HWTT LI =0 AFEE FIZB T DR O 53~
OB R ETE 22 EHAHTFmz 720,

[t {bodr] WIS TR DL EE Ny LT 5720, TEOWINENREZBLHIT 5 Z L 13%
DIEENZ D EEREFETHDH, LU, MWW ED&ERSTHEE EDONILIL L TU
HINEWIHEART =X OERITITEA T, 22T, 9. 44 L X OHEHEIHT &2 5k A

New physiological activity of plants revealed by application of radiation and radioisotopes
NAKANIAHI, T.M.

_20 —



e A, BENOTHELEBIRRICTCHEBFEAONREZ—URNHY | AT BBRTHZDOSMIME
A EERE L, WRIZ, TV HAZHWT, ZORBMOEEHORM. £ ToO/MBET
DICHEIRE AT % b odTiE. BIF y Sk 2 O CHRIE L=, ZORE. EERIX
RICEMT L 2L, DU UATEMPESLEL Y QIRERESWI &, I EFICBIT LIz an
NV MIRICESLSER-THZ L EWRENTe, &2 T, YIR% 1 B#E O DR EREE
AT 2 A, BOEWRTIET A I = AN AN ZEE - THAD LTS Z &
O, ANV TN TR MIROWNNIKE LD 2L 0dk L, KLEFa OWIYL
BEZH LT LI ENTE L, BT, (EEPFEINHBRITIE, THEE T Mg IRED 7
L2 ERHL, TEHEHEER T OMIT~ 2 3R SH T,

T, FlREER LW HOAFTFREZ MDA E LT, FLSAMUC A D %o
FOWREZRD, REAEDBAOFEMEZHE T HAEEMZ R L, £&LOZTH
ISR CAEM CTHREMIC X > CTERB SN cROREN R/ D Z L ZH LT L, i
(LS ATIEDR D CTH BN 72 FEHHEILE CTH D Z L 2D TH LM LT,

oM, hL—H—L LTHHAMGERT A Y F—TBFICALRZNT VI =T AT
DNT, TOF L WE N REEEZRET 574 8 BT 2 v TRl 72wl didb
FENTIEDBR LD TE TN D,

(74 Y b —=FA A=V T BEBEEENA A=V T T D010, Y HEALIT
DZEISREEN M ETH DN, IERMONTWAERY b VRO A A —2 0 7 Tli%
DIIFFBEDEERIZTE 2V, £, BHEA A=V 7iEE L UIEXHEN LIS HWLEND
D3, FEICITHRE N LETHH Z L, EatBE CITEENEFICRETCH L Z L LY
NG, AT B EEZ WS A A= T AT LM E TR Lz, B LIz
B, MY EREFILTE S~ n Iy AT AL S HAMEE 2 oE Lae g L RIFHC T A
Vh=TBEENDI /AT LD 2 HETH D, VT L— X OFERE S A E A g
L7zl Z A, w7y AT ATHEH, BEFEHEINTWDIASA A=V 7T L— X050
FENEWVEBENEREIN-, T L TCZOVATLEHNT, HlxiX, 2PHERO Y N L
DX TR S S EERA~TEIZI D0 U TV A A LTI CE D L )17 o7, FF
WZARBHEF DA AN ED X DITIRIZEIL ST & U TV X A A TRLIEITTE 5
Kooz, KIBEET DA AL DX 2D Z &3, ALFEHICE > TUIEDOVDESTH D
%, EEIZIZEOHICHREEZMA, BERHETOMY OAEEREE, b, RE, BER SN
v hE— L TXL LT Ro TS, 783 AT AT, YuA XFXFOF 100w miE
EDORDOF DA A OB ENAFLTED L) RoTz, ~7 8 « 7 uDilif A=Y 7
VAT ATIE, WHO B TH S, ", ¥S, PCa, PP 7 EORIGULIRNT O 72 57,
WCA R PFe R EDA A=V T HARETH D Z EIRENIADTEY . AV AT LDIGHD
TIREMEAN KN T E TR E T,

DL 7, WHO BRRHEREZ VAR EIHDOY TVE A DA A=V TV AT
AlF, AFETELHBEINTE WD, RRIEHOFE L2 O AT AR HRA A
— U I LWDEEZ WO TIER N EBAL TN D,

(B VIZ)] TEOHWEBRLRITIII 7 apBHIET LR LTH LN, MWEHRTEZ X5
[ZH R D701, &2 ORIECHRE D 15 5N D IFE 2 IR OIREhIFITICER S Z &
NEHETHDH, TOEDIIEIZ7anb~7 af TOMIRICRE 2 KEERE-TT A4V b—
TORERE ETHD, FRCA A= ZICONTE, WA A= T ORDNER SR
BLTHDIN, TA Y b= R EHND A A= T 2005 OREH OB Lg%
MABEBERY =L THHZ L ER LT,

BRI EHED DI DTV . H AR SIWFFE B SEAE 70 & QN R I R A iF 20T
RESL DFOEMDNTZER S - T-2 & BT AT,

New physiological activity of plants revealed by application of radiation and radioisotopes
NAKANIAHI, T.M.
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K101

[ITU®ic]

METRIITE L L COPHETFHIHE 2T DR E

(BRKEEE ) OHATAR

FE A BRI, BRSO RE DTS ERBEZRZALX =Dy fRE WD Z & bilkl~
MY w7 2052 TIT K, WL DD EKIGR y MO ER DV R EOMEIZH LB DD,
BN & B SICENTMEBETTROERIETH D, RS, FEMIEZ SLRIFIRF AT A3 FRE 7 2R
PEFHEHE o HTIE (INAA) 1, BEAERGUEHIRT L, B e OB RCIG YOI & 72 2 50RO 53 iF -
SRR D LB 72 < ASHEMED EWVERDBAIRETH D, I HIT, ki (biEZ vz INAA TiE, ke
WATHEZ WD Z & 7o KB Ie R OIEMERRIRE &N FRETH Y, /A O EPEITIN 2 CiENE
CAFRAPEME S RICa B L, OISR IEIIZRVENTRREZA L TWD,

ARG TUE, A O AT > TE 2 ko INAA OIEFEVEREAM & REIZIERL T D 5341 ~D 3 A #il[1, 2]
BRI L, METLEDOEREL LTO INAA [ZOWCTHEAHE L2V,

(€279

FEAEY) ' . NIST SRM1633a (Coal Fly Ash), NIST
SRM2783 (Air Particulate on Filter Media) , NIES CRM No.8

(Vehicle Exhaust Particulates), HEF+E=%— :Zr &

(Nilaco), 0.1%Au-Al 54 (IRMM-530RB), Au =2 /"L
— % :10-50 pg Au F A IEMK, TMET-H4 - JRR-3 PN-3, JRR-4
PN (2T 30-90 s, JRR-3 PN-1 C 20 min, JRR-4 T-B T 40 min,
T HHER OHEIE « 241Am, 109Cd, 57Co %5 % HIV T v #ROMHIhH
V=7 = VIR ERE Lz, v SRHEE - RO -
ZHEE L, BEREMNET, BH% 3 min 725 20 dIZ#E->T
BE Lz, SHENE CREE & BICHE L7 Au 2231 —
255N AuAl 54852 HIE LT,

[R5 & B

Table 112 ko-INAA (2 & % NIST SRM1633a O /3 #1471
T WIFEREROS (27Al(n, p)2Mg) DN R LTz Mg &%,
JRR-3 & JRR-4 Z W EREIT L —H L7, 17 LR
AEHE(SD 2 VIIB B SR 3 WA TH Y, 37 RN ERE
T&7z, ISHELT, 7o —trxzT7H 77— AN TK
WIRN D REGIRLF R H L CA L T L7 4 4 — ki
L, ko INAAIZHEL7-, BERHRD Na, Mg, Cl O, V,
Mn, Fe, Co, Zn, Br, In, Sb, La, Sm 72 & 31 tHRNE=R
T&E7z, T, INAA OEEZHIRIZONTEZ D,
[, FHAE, R, L, KR 431k, 55,689 (2006).
RIEHE, R, Bro, BRI, Ak KRS - HRER T
v H AR, B2 5, 130 (2007).

Table 1 Analytical Results of NIST SRM1633a
Element Found/ugg' %RSD N  %Dev.’

Na 1700 1.9 16 02
Mg 4650 42 2 23
Al 144 000 23 16 09
K 18 700 25 15 -05
Ca 1080 7.1 11 3.1
Sc 398 41 13 -04
Ti 8 100 2.8 16 13
\ 308 2.7 16 3.7
Cr 199 2.6 13 16
Mn 180 6.5 16 0.6
Fe 93 000 3.1 13 -1l
Co 448 24 13 -26
Zn 234 48 2 64
Ga 57.6 7.6 13 -0.6
As 140 3.0 10 -3.4
Br 258 179 5 -
Rb 136 41 12 37
Sr 820 4.0 10 -13
Zr 572 9.8 50 -

In 0.198 13.1 7 -
Sb 671 33 13 -14
Cs 104 40 13 5.1
Ba 1480 73 10 -1.1
La 80.7 3.6 10 -
Ce 179 3.1 13 -05
Nd 83.3 8.1 10 -
Sm 160 38 10 -
Eu 377 64 13 -5.6
Tb 255 95 10 -
Dy 149 54 10 -
Yb 776 2.3 10 -
Hf 783 3.0 13 21
Ta 191 76 10 -
W 646 92 8

Ir 9.2 58.0 8 -
Th 247 27 1301
U 981 7.0 12 -38

a) %Deviation from certified (reference) value.

Role of neutron activation analysis in trace element analytical methods

IMURA, H.
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K102 BEMEER FHEF BEHE ST O BB —5a - BT OB ER LR
DEEZFIZLT
(E#RBEEE L) OZEHUFIL D0 KA, MER T

[iIzewiz]

S0 1 B 4387 (Radiochemical neutron activation analysis; RNAA) (% H 1R
FHZITE & H TR 2 B L PRS0 R - R C y BEZ T2 E&NITETH 5,
SHTTHY . BB IR IAL 3 BE AT 5 T2 DT OBRITE WD | IiE LR =& 0T
v U w7 ATRERVEES ZENTEDDTHREDEWGIBITZ D, DOt
S 53HT (Instrumental neutron activation analysis; INAA) <°% OO 5HT1E (B &)
TIHHETHZ LD TERVBMEL LD TLETHLEENAETH D,

Z ZCIE A - BREA R o EA TR OCE O E & & T, Ay TFEICHE  (Rare earth elements;
REEs) [ZHER « FHLFANCEE R TE I N—TD—D>TH Y, —HDEA - BBA T Tl
R LTV D, D X9 723BHI % L CIL RNAA 2 bIFEMED S W iTiE L 7 b,

(E79

A AAREYERUELES I ON Allende FEAA 45 70 mg & A 9B 12BN U v HE TR O PR HERUR &
& B B AR A I ZEBE FEAERE ORF LT JRR-3 (2T 24 BRI TP M+ FRET 217 - 72, RNAA D4y
B /EIX Minowa and Ebihara (2003) [1]1#5IC L TR Y . ZidkEibys - 7 (b ibEA
e Z oD T AGEENORER SN D, ALFICRITFHERS 77 A~ R L0k
Wic, £72 U OFIKERDTZD REEs L IXRARD5T7 T 7 a UnbRiENY 7 L& ER L,
2350 DRy SRy (140Ba, 140La) O&ENMD UEE 2RO 7=,

[RER - B2

7 H¥Hoc3% 10 6% (La, Ce, Nd, Sm, Eu Gd, Tb, Tm, Yb, Lu) N E® TX 72, AJLE Tl La, Ce,
Nd OEEIZIE "La, "'Ce, "'Nd Z V2528, 25 ORI 7358y 235U (n, f) @
AR E LTHAERRSND, (E->TID 3 mEDEMREREL D 72DITIE 85U b O
Bn#icls%w 5% ELL ALY, fMETHA2XLERDD, ZOHFGOEEWE UREE
IZE D E7Y | Allende [BA D X 5 ITHMERWIGEITF G 1%UA N ERDN, BT 8mD
E IR E WG AL, FRIZ Ce, Nd T 10% L, EOFERH V| A B% 525, La®
LAIX WLa LV ZOHBETH D 1490Ba O FHINE L, DBElc LD Ba #fETE 5
728 Ce, Nd |2t _EFHEN/NEL 72D,

25U O FC LD FHOREL D O, F—Enb0 UERE BT, E&EIITEE
Gy S Rl R 140Ba, 140La & T2, AR T L723Et o Tl s U IR O Allende
fEf7 (16 ppb) TH 14Ba, WLa D EHLLEHAWTE U EETDHZ ENTER, F—E
2o UREEZEETHZLICEY, EMRBERFIIE DT 52RKRDD T ENAHEICZ/R Y La,
Ce, Nd DLV EMRERMEHGLZENTE DL IITRoT,

AL TR IND L DI RNAA I EAGD 7054« IRAFEHF ORE L~ L DRV TR O E &
(CHRERTETH D, £72 RNAA TIHERBEDOIEERINE NI LB RER[BHUTHL, Z
D £ 912 RNAA 1T INAA MO GHTIE L IZR R 2EN - A2 K-> TR, ZOEEMEITI I
NHELEDbLRNWEEDbRD,

[1] H. Minowa and M. Ebihara, Anal. Chim. Acta 498 (2003) 25.

Importance of radiochemical neutron activation analysis — in case of the determination of

ultra-trace rare earth elements in rock and meteorite samples
ATHARA, H., OURA, Y., EBIHARA, M.
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K103 Ay B B 5 B 0T B T UL BT D
(PERORFEHEESE ' JR 7 DkRE D) O=Jifh ', BAET . sRJIEaL Y,
TH#e— AEME. BILHEH?

ERMED S VIREDE 2T 2720121, FEROSIENLE TH D, B LG ERET
RTINS SINT 5 [EERE B L EaWE EHNZES (CCQM) 10 HTED 22 )Tl b bk S
MEWIHTE E L C—RIEEERIEE 2 ER LT, ERELLTITRT,

—WRAERER LT, REOFH RN EEZLD, ZOBEEER2ICGE L O TX, 58
BRSO SI LI HESWTREH TEL T ETHS.

—RIEREE L, FICEOEREEZ BRI 52 LR RMOMEEE T 52N Al GE/R LT
H5b.

—IRAEHELL SRIE IS, (R C BRI 3T DR MBI O L2 WE T 5 51EThD. T OEIEIL,
HEFRRUCL > TRAICTDEISN AT IUT R B,

CCQM [T — VR A% HEH 274 |2 B 505 (Gravimetry, Gravimetric analysis)., B &0 T (Coulometry),
I5E[E il T V£ (Freezing point depression)?s, — URARVE L SRIEIZRINAR A VE & 54115 (Isotope
dilution mass spectrometry: IDMS) . i iE ¥ (Titrimetry) 23 Z N Z DO EFRICHE T D E AR LT,
HEYEY)E B I B9 5 [E RS ISO Guide 35 (ICB W T, fEHEYE ORGHEA R ET D720
DHTEE U T—IREERERIEEOBEANFIR SN TS, YT BN G EE g Ear & LT
E BRI A LB EME OB R 217> TRV, JFAIE LT RIERERIEEZ & E
BOFECL > TRIHMEZIRET 52 & & LTVW5H,2007 4E1C CCQM X 72 I thilikIic X B
W B0 BT s (Neutron Activation Analysis: NAA) 28 —IRIEHELL RIEDO ER A W23 2
EIZOWTERELEZEEHLMNC L, ZHUE NAA D FEEMIC IS TnD Z &
Mz, CCQM TEHHE S N7 BE DO E R CREN ST IDMS LY KE Wb DD L O RLT
RAERNE LN TV FEENM SN DO TH D, 2D X 92 NAA ITHHE S 23 @ W oTiE
ELTERDLNTWAEN, EHANTHME LT D72 O k1R 23 T & 2 a2 B AR
JEF- JI0IFE B SR & ORI AR SEBRTICERE SN TWD T & 2B 25 &, NAA ZEHEYH
BIROEOOEE R R ot LUEATZ 813, BERNLHERTER#ETHD L0
FERICE o7z, —FH. NAA DY, TEMTIEE LTEL AN BTV S ICP Lo #HTik<e ICP
BHEOIE L ZRENER D HIETH D 2 & WRAHITIE L1387 0 BIRSHTE 72 O CTIEAK
BEAMAAREZR Z & FMAR AN EHA CEX e WH RO TR 2 BiEICERE LI WEE
ICZEDOMREROIEETHIENTELHI LEB 2, NAA ICHE L2 R ICFHME L TREDOH
FEALZATO 2N TH D LD b oNT, HTxIXZ DX D 2BLAICLE, NAA D&
WAL LT (1) #EomEsetrh oot 2) RMAAFIENSEHN TERWE MO
FOFEMER M) 22BN UTo, KEHE TIE LIS T D [Tt ) NZ A AR O
OFEDIEME72 BRI ZEEEMEBRICEIT 2 TS HriE OIS B O BUR & LT
WET 5,

FaRtib
1. T. Miura, H. Matsue, T. Kuroiwa, K. Chiba, Anal. Sci. 25, 881-885, 2009..
2. T. Miura, H. Matsue, T. Kuroiwa, J. Radioanal. Nucl. Chem., 282, 49-52, 2009.

3. T. Miura, K. Chiba, T. Kuroiwa, T. Narukawa, A. Hioki, H. Matsue, Talanta, in press.

The role of neutron activation analysis in the development of certified reference material
MIURA, T., KUROIWA, T., NARUKAWA, T., CHIBA, K., HIOKI A., MATSUE, H.
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K104 HIEREZER THBEOF v a g Ry bY =<y 7] ic#kir INAA
GEREK - FEREEE ) Ol @'

[HERfE X & 1x]  GEL NP FEomR CHRSERBNT, W, (b5, A8, B0 4 58
b, MEOFHRS ZoWEE, (b, AW, HRices LB SRS, MBI, S -
PHEE - SR CHIEOWEIGEREH O L, MAEMITE AR T 2AMERE, #EKIT
EARSOWEHE - Wi PHURE R AR LI b O EAESIT DD, Tk, HE LR E R
FTHIIMTH A H 0?2 TABHEKILZER TH D,

[FE]  /hERRITECEzoHO TR EED, M@@M”ﬁﬁﬁ Z DEIKE DAL A
m%ﬁiﬁékﬁﬁﬁoﬁﬁ&ﬂ%m%lfi BEE 1~2km® 2 1 B EIOEIS, JRIKX T
1% 100km* 1 1 BB ED D, LFoHTITIE, ﬁﬁmg&@&i@ﬁﬂb#mw%ﬂﬁw
@T,ﬁﬂﬁﬁﬁ%f1%um@%%ﬁLqé%u%WLTﬁg@%ﬁbé EDOTRB72ES N
%o BERUGH T UNZ LTI ZHELTY, EBOBEEZ O T 5 E LT, WK
HERE AR ORI - ZERIMNREMEEZ BRI L2, 727 8V U —giMic k95 Ti, Th <° REE
&ai3o%%ﬁiéﬁﬁﬁ&%ﬂ5:k%%éo
[53#7]  ATCIEZ ORI O L O R Z oI k2 FIENEEND, BHZ VDT
O XM L ICP-MSTH 5, HE S DI N —F Tk, XL 7 >l (A%
y HEZEERY) INNMZHWTW S, INAAE, £9100mg D AR A L0FUE 2 5 A 1 R (JB-
la) CE&JE. As, Se, SbZR EDIRATILL & BT, JRR-3, ~ADXEE THo M, 5H%
HHTRAEE, A EBRFRIZ L —CHEEZIT O, Z5 OO HETRE OIS fifiH
RN DOT, HoMRIEmICEENLE RO IELSERBEINDIONEATH D, JTLRAIEE
D% F 0 — RIERAR 72 TR O HER(L TR ZEE 2, BT REOEREZ R TIEE L 2 b,

[ fi#Ar] Mg & Feld, FHATHE O FIER & HEHICIRE O R W DN ALND, Z OHkIC
1%, ZUPERBE LA B2 EOESREAEN MY D, FEE(LTFRS @%<i Z O itk D HIE
BTS2 ML, R () MITHE, MgbFedpAifEm i, MEIIFE T 5, KO

(E)@u%%@%w%%ﬂX$yFﬁu“ﬁ?éﬂ\%;;Mi§<&<,ﬁ%g%®
DA DBHON TR, FREE L ORI G, SROZWHSIE, IATHICHIET D &
NbhhoT-, XOPEMITFe DU VS TiIMneCrd £y, Mg&FelMné CrO RO A E T
ANZBVERIZK B FeDEIROENEZFR L TWD,

Aub AsD A Z g LTz, W Lotk b B ARSFUTIIMME L 2MF E L7220 23, INAA T
BERSERETES, WOKEGE) FOADEL WAL, HEOE L (BEIZER ELTh D,
BOUKMILR TIE, AulAsESDARWHEAZ RT EEDLN TV O HEBFEY, ZZTH 30H
3D TRV Z F£F > THMd 5, SLILE TOT 0 OREEZ T I RHEREYIX, MR
1000ppb TV AuE £xEHppm DAsBIRH &N TV 5, Lo LAsiE, D 7a< & L rFELSORIEN
&éht%%@&mﬁm%ﬁ%kﬁmk®£5%L“ﬁb,%MET;@mwﬁg%mﬁm
REZFET D, ZOHIRIZILL AT DAsiE, AuDFEIKTH D L [RIRFIC, BRILICEEFBRL T
WRWHRR DNy 7 7T 00 RTIERNES I D,

INAA attempting to get a fruitful national inventory map “Geochemical Map”
TANAKAT.
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BEs T T LT R L S ERR T V<RI X 2 RERE D
K105 ESE Ly

CRECRBER G ' 1 b ° eIER’) ORIz ' INEJIBR

PR W 2L R RSESL . AR L AR B KRB ERE . g’

1. IIC®HIC

RERBITICER SN TEETEL, TONMEZHLMCTSZ &%, REEADOR
RambdETH, RBOEPN TEARELZHEMET L2 ECOLEBERFELEEZIOND, K
FHE S HTIER, ZcBR R TEON N TEERTZ0, £ < OILHEDONH ERAIIHIETT 5
DIZEBIRHIEL 2D, Fxlx o x Tlo, BETHAEHME I EINAA) & i+
FREANFE N o~ O ECPGA) Z T A 2 Lick v, MTOESCTEOEEIZ SN T,
30 SLHEOEEAM OGS &2 £l L C& 7=, F7o, mEEEEEREREY IS OV Tk, HERE Y Iy
OEMEREZETT A2 2 HNE LT, ZEANBEY V< BONTIEMPGA)Z i M L.
2 ORI EIT- 72D T, TORRZIETHET S,

2. WM HIKRE X OCTFROEEOBHNILOHT

AMEE LT, BRI ET I2AETEOEEZEE AR L, Sonizi
50cm O =27 ZBIHIT 3em T EICEIV T, AR <O Ny HIZE A L, 3BHT N,
ZRWTEINEIEEIC L0 BEBRAKZERYBRE, AZANT T —HJEICHWZ, EO%, BT
AL, DDA THIELE 2L 02 BEHEAITIC V-, INAA, PGA JEIZ &
V. 30 BoEOEENMEHDLZENTEL, RERLAAETEEL 2 7 38 SK 25cm
FTCHRE CTENLUEPWDE L 72> THBY, ZOZR BT TFBEONENHEOSLToHNEZ &
L BEBELEZOND, BONETROEESMDOLL B 25em A TELLTED,
ZDOEDFFBIZHE ST 4 OO N—TIT3ITFHIENTEZ, ITNHDOT—XIZX LT
FRR oA LR, KEORKENE IR D & IKET ORI A 4 RET
RO GEMPOMERENENL, Ty, FxoBESRVIHIM E L THET 52
ENGIoTle, ZORERIZ, AARANRTT =GB L > TR LT/, T4 R (FeS,) DEH
e K< —F L7z,

3. MPGA B XU PGA IEIZ X 1B EHEEY Y O K/Ti Lo REt

TEPEPEVEPEHERE ) T HERE R E SR O TEB W0, DT ecm FRED 27 TH oKW —
MK A 7 VB RBR LR 2155 Z LN T D, AHAE Tl KEEED HEREL 72
HRW (2 7 & 30cm)%Z VT, MPGA B X PGA (2 & » TH ST mFE N E D B el
Tl Wy DHEFETR D % 5-(KUTi b)) 2 sk 7=, K/Ti Feld K 23 Kk 2 fEpk 4 % illite I2% < &
FAL, WIZ Ti (X basalt O X 5 REHRMEICZEENDIZEEZFHAL TS, ThbBX
et B O F 5N 5 & KT i ERT 5, 2 OHERMEFERFEIE A MPGA % H
THAEBEICHDIZENTEXL0MERESIME LI L L TR EIT o7, £ ORGSR, HEf
Yy, fEUESEME L 612 MPGA 1 PGA & BW—E & R L, EESBYE IOV CIMERE
ENDRD LN O EREEOFH T —HK L7z, 20O &5 MPGA Ex W =%tk
NI IIER D FIE L RIERICEACE 5 2 L 2R LT-, 5%1F. MPGA Btz E &7
L~ M) 7 2R OMETLHEOE R EZ A, HEKLFIBEICEAT 5 PETH D,

Multi-element analysis of environmental samples by instrumental neutron activation
analysis and multiple prompt gamma-ray analysis.

MATSUO, M., SHOZUGAWA, K., TOH, Y., MURAKAMI, Y., FURUTAKA, K., KIMURA, A.,
OSHIMA, M., KOIZUMI, M.

_26 —



K106 BB S BB B B L STk oF
“BHAAEYNORHB IS EEEB N S —

(IR RFREED)  TEP A

ASH. BREGIEWE L L TEREL DILEMDRMLILTWAE R, i TH A e 7 b E
WA RN 22 8 CAEWICEMEE A RIFT Z LD S, BERICBT 2010, X8
FOVEWIZERIT H2EMEBERBIZE L T oMM TN T VD, FRCE N irA
AT DN . RIEBFBENC X - THIERHIAE CIEENIER L TV D A8 e
A EY 12 FED R YA TG Ye'E (Persistent Organic Pollutants: POPs) & LT, A b
v 7 35V LEKIGIFR POPs 5569, 2001 FFE-R)CTY A b7 v 7S, EHEMEHO b & Rl -
RO, BEHOBEE, & 522 d 12 MOLEW % & TeBEIEY O EALBS 438 L Ci5
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Applications of neutron activation analysis in environmental chemistry. —Presence of
extractable organohalogens (EOX) in wildlife.
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What can you know from trace elements in old iron?
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Development of MPGA in JRR-3 and J-PARC
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Promotion of utilization for neutron activation analysis at JAEA
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Targeted radionuclide therapy — Current status and a perspective
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Application of RI Imaging in Pharmacological Sciences.
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Therapeutic effects for bone metastases using o-emitting radionuclides, **’Th, **Th, ***Ra in rats
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RI production in RIKEN for medical and pharmacological studies.
KANAYAMA, Y., HABA, H., ENOMOTO, S.
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Global Medical Isotope Crisis threatens Nuclear Medicine Diagnoses (*"Tc)
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Radiochemistry and medical radioisotopes produced by accelerator neutrons
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