9508 BEPDS B/ A FHLIZFTIF/ A4 FRRDEE
BymRBISeAE - K ek (BEEXRE BIHH)

FRBEE MM FmF (EEXRF)

FIEPOMBERISITO—RE LT, BEPOF ¥ /)4 FxT#H (s7La~71Lu ; Ln)
W b Y T h (s0Th) +UF2 (s2U) OEEERARTZ, HRE LIZEEREHT FA
Y Stassfurt O ZBACICIER SN BEEH bEREINEZLOTH DB, £72, EBELLT
VT RIHE ST E A A Uiz, HETFRINCE D, TREMTREZEGEL, &3t
R WTIFBE LR DO R A BT 5 20 8RR AT I 2 66 L7, Fodhi e
DMBEITNAI =LAWL TH D, T2bL, BEEHERICER CRRARE S
XARL, SNCREARBZER L) %, TAI=0bzkMx, FHEMETAEET V
S=ULELEIE, Ln o Th - URZhicfiib+ 2372, BIRAICED TEH b5
RS2 2 e TE D, PHEFMI LMl - GHRM%ZE, B - ERICFIA LB
PEEZER LRE Lic, WS OREZEMOBFAICIT, @FOMPETFIC X 5D
Iz EAS 12 B I b R A T,

A ORI 3 T AV IS WA AR L7305y (WEARERSY) B L TIX, RARICHEET S
14Llndoh, 7T~8EEMNERTE, Th - UIRTRTOBRBESICBVTERT
o, ERMEE, Ln - Th - UL b I T ppb DL_AThHot, 14LnDdL, +C
DREHZOWTERTEDOIFTF 2 (La) , BV TA (Ce), <~V TA (Sm) ,
agob s (Eu) OD4xBEThot, Wi, E2LRMTELR2 7= HEIL, S A
YA (Pr), #KV=2, (Gd) , ANVIZ A (Ho) , T)AED A (EBr) O4xH
Tholc, TDH3H, Pr&Erid, ID»LREERLALNo7-, Gd 2< 3THE TP
BB LRI (DA —F—) |, —fRIZCABFROFETIEY 7 ppb LA TOER
CHEELV, GABERTE 2Dk, BN LK Gd BEOMBHEORMBEE VS L1 i,
YyRANRY NV ETE—7 OEARDEZANRGFEL TWEED THEEEILND, #
DEMORIE L 2K T B HENS % OBETh 5, FERBSICELTHE, &0
AREHZFB W T Ce, Sm, YAXFov oA (Dy), Th, UDHNERIN, {hoRAAR
o T2 RINEnehotz, BIEMIIY 7 ppm LV TH o722 Eh b, APFE
THRMLET A I =0 b2 ML, REORMLIMIESL LTERL TV EASM 5,

AP O Ln #[% & Leedey chondrite S AT BT L THKIL L THE BN D Ln /34 —
VIERESIFICH D ERVICE S PITE YR Ln BRPPEHE LEELN VD LD TH 7~
AT, REEMIZIZ I0FRERNL OO, MAKOKRREREICH LTRSS /85—
EHEEIL TV,
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1. BREW

Eﬁ®ﬁﬁ?ﬂ%%,ﬁMTFUﬁA@%ﬁﬁﬁ%BiU%¥®ﬁ%ﬁiwiﬁﬁig
REOLHAbN TV, LAL, kT M) o AOFEME L, HAEDOZHRILENETIC
o, HERAEPOMETLERINMOLBEMRBERIIFE > T35, FEFORMYOEEIC
L Tix, BAMKESR, YLk - FA 22RO BEOHW L mtERE] » Zio ik
MWHDN, TLWDRWITRGEL, TNORROEREOHENINEE NS,

IDXI7, FREPOWMERSOERIZETIERREZERE LT, XWX, WFEXS
ELTHEEBEEZRY, ThODPIIHERN E L THFETDHIZENTFRENDS VE /A R
JuFE (s1La~7n1ln) BEUBMYTA (saTh) , Y52 (s2U) ZPUFHEILOITIE
EFHWTERT DI L, WRICZOEERFEZHSITHZ L2 BRNE LT,

PSP EE, BREOEDOVLESTHY, RFICEEOTE*EET D Z
LBAERTH D, £z, MEDT ¥ /A FEEDOTEEEDOVD LS TH BN EFRIEIC
B, EEREEISD OO0, BERMEN—MELPR2WITHEICLEATED &0 ) 8
MEREO,

2. HRIE
2.1 EIEFE

AR THWIZEEREE, FAY - Stassfurt (ZBWT _ERICEREN-E2ER LY
FRINZLO 7THEETHDY, REHIL 1 BELL 7THEDOEEL ST 20, BED/JEWN
bOIFELEOHE, TRbL, FRICHLVRAETH 5,

22 PYEFRORES BT
221 7 —%

Table 1 12, AWFFRIZHIT DB CEEZICFIA LEBEROET —4 2 % LT,
FUE A FTRIILEMTISEH DD, BREREDOFELRZNNT O AF T A (61 Pm)
RS MM TRBRRIZGET S, WTNOT %) A4 FaRbBiHes i cRliTcx 3%
BEOGS %F28, AR CTHALEZREZWTNRS (0, y) RISTH2, $72bb,
(n, v) BUSTERT 2, EEIVEERO 1T RE 2B B RET 2
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ICHEH s 2 y BEROERORE - BMTROEEICHA LTS, —F, Th, UT
i, ENEN Th, PPUMDL (n,y) RKISTETZEME (***Th, **°U) 28 K
BUTET S Pa, ""Np2S, SHICH METIRICHIEND vy BEFIALCER
ZfTH->TW5H,

222 BEHAREOHAR

BEFDOTEZ VA FPTERBECR NI UL - 05 DEHEIL ppt ~ ppb LI Th 5
TENTFRENTLD, REEFLES L THIESTT 5 2 &, T b bIERIERHE
S, BARFRTHASI EEX bR, 22T, FEAMTELZEHEL, +HEIcsT
DYETLKROBLZR O T 70, BT 23 2 M 2512, {76 2 ORATAERAHS 2
Lled, AMRETIE, REEZ—BRBKICHEBLEZE, 5074 FEEBEIBRNY 94
T U T VEKBAET NI =0 AOWLBICHILEE B LW FE (TAI =g AftkE )
T, TOBEMEERTDHZ L ELE,

EHERAEZ 2 mm AREE THFL, 140°CT2 BMBIRE S, =06 1.6 kg & &
U, AEK 6dm  ICIEARS Y, ZHICHEER: 6 om *INX 72, —SORE (REH1, 3, 4,
5, 6) TIEHREBZMATHLETRZWVESNH om0, = O % FEMES & L,
TEME ST 5B%, IRI6, BR, BRAEL, BB L EMICRIAREE Li-, +4b
L, TSI L T, T/ I=0 AfEELER LTV, BRI IZ OV T,
TWI =T LERBT VI =T LOPbTMRTE (TAI=0 8L LT60~120mg) |,
TrE=7/KTHIML, KBELTNI =0 LDLBEEB, 244 RTEBLIVG Y
ThUT R CEEL, EEAICIRYAEND, —F, TAB VLR, ~ab T
REFBEERWIRY, 05 ) A FERBEVCRN) Ub - 9o nbNlans, hEs
AHHIL, FoEEE, Kb, BF, BAELT, BEAREE Lz, —SoB2EREIZON
T, THAI=0 LML E, BEAEKICERL, AFIA Y TFAT ok V-G
fRHIZ LY, 8k (Fe) BLXUTUFE (Sb) OKRELRLT, ZOBREICIE, HELH
MET VI =0 AEEBEITY, K1k, B, BA%, BEAREL LE.

T U URENE LT, FEREK 2 dm CIZ BB O B ARER A M L 7= 0> & [FAE o 4L ER
ELTELNELDER W, -, STROBMEL AU LA T 87-1%, KOS5
SR LDOEFUEREL & LTV, 75 0 7808, EHEakEl & b R & R 7
B AT 72,

223 TR

ULED J 5 I LB ARE L b — B2 AL GEF, —BORIHIH 10 mg 12
B, PHETFIRE LT, SEKEOMEMATIE (VA Mak I, HH 100 kW) %0
RALT, PHEFBREZT o, SExBcxt+ 2B R4, EHEAE OV RENICHER L7
RO EZ ZE LT, Table2 DX HITHRE Lz, —RENIITHIHE S s < VWikfE
EERPMETREE CTRFEBHTILENH S, FIALZREEFIIFY v 0 F a—

-141-



Table 2 Irradiation sites, cooling times and target elements

Irradi- Irradi- Cd cover Thermal neutron Cooling Target

ation ation flux density, time elements

site time cm %s”!

F ring” 12 h wi thout L7x10% 1w, 2w, La, Ce, Nd, Sm,
1 mon, 2 mon Eu, Gd, Tb, Tm,

Yb, Lu, Th, U

F ring 6 h with 1L7x10"% 1w, 2w, La, Ce, Nd, Sm,
1 mon, 2 mon Tb, Yb, Th, U

RSRY 6 h with 5.1x10"  1d Ho

Pn® 5 min. __ without 1.5x10” 3 h Dy

9 F ring tube.
b) Rotary specimen rack.

© Pneumatic tube.

7 (Frng) , BEREHN (RSR) , KEE (Pn) O35y THD, BPEFREEN
A, ZRFNLIx10 P em s, 510x10 em Cs B ITISxI0 P em TPs T T

HD, Table 2ITIHELRELERAEZHTEDORFOEELX B LIt Z R LD,

BELEBBOBEEMIZFY V7 Fa—TIBNTH FI T LH "~/ LT 12 FERBE L
WILDTHD, EEFESOES IR EVEREIZOWTIX (Table 1 28) , Ak %
HRI=ZTLAHN—TEIZEILLY, BPEFICLBE RN, BYPHEFICED
B L RL -, SEFRXERBMOBNOZDORBETHHN, AFETHI AT oy
2 (Dy) BMHBERICHAWEZ, 28, &/ vs (Ho) OBRMICHEEEREHTOHRA
DRI R EFRE LT,

Table 2 BB 5 LI, AMRTHET VZ /A FEREOPRTTI8FY L (Pr) &
TAE YA (Br) OEEBEFRLAL-7, T, e DBEOHIERLRENIDL, ppt L
~)DPr & Er DEEDN, AR TEAL TWSHE (PHEFRESMES) CIIRETH
55 L LI TH D, ppt L TOIND RO ERIEOTE XA % ORITR
OV EDTH B,

224 v REH ,

FIRIHHELDRENS > %, EY A2 AEIER (Table 2 BFE : SEOME TIE, 3 B,
1H, 1V#ERM, 28, 178, 2,-rA%2RELE) Ok, yHEREITok, FHANT,
RB LERERTATFRFICENT, FHME Ge HEERIHE & 409 F ¥ RNV E &S
WrEEZER L CiTok, FHURRIILRE, WHRERIZL > THRA 2 TH D2, —RICIBEIRE
MAEWVIEEY, ERPETREOENSVITY, EL<THLENH D, SEOERTIL,
200 ~ 43200 ;¥ TH o 7=,
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225 T — X iR

yRARY PVORRITE, BFOa Y Ea—s T as T xRN T, MBICE
&, ETERBOLETE (KM Lo%, vy#RAXI Mo —sEEEZEIHEL, €
INLFUTFRRKTROY -7 BRYENT 2, ZOERIITOREPOZEDORICL
BT a2 b0 THD, RFROHELFERBTOETRIZOVTHITY, Zo0OMmKL &R
ERBPOTFEEAELY»D, REFORRRELZHMNT D, 77 7RAEHZ OV THE
BOHELXT, ERBCOERMENLT L 7 RBPOERELZ LV E b0, &
R EREE Lz, 28, ZRE, 770 7RBOEEEL RO ZBEICIE, SEOYE
BRICHTHIHELITo TS, DEQORBIIOWTHEEOE— 7 DO RBEMNFHETE
DEAE, EEBOGEAEZELELLT, yHEEEORED/ NSVWE—I PDELN
57— FRAIEMEE LTEAT O —KFEA & LTz,
2.3 Z Do 53t
PHEFHRIHESITICE 2T 7 A Rk - Y UL - 0T OEEDMIZ, ICP-AES,
AF a2 T 7%, REREESICLY, FRERBFOEHRSOEEZTo T,
E72, BERABR IO TRE AR HAYNOBBICTRARE D0 H 558 1L E OREAEE
SITOEHR X BEF 21TV, EFEHOREEZRLTZ, EbIZ, REOEFHEMES
Brx1To7,

3. MIRARRLER

Table 3(a) I F A BERABOER S EEMEE TR LIz, T Table 2b43h5 X 1L, BREHHE
TNa'& Cl LSO DB K E N, ZHIETBEBLRE/R S NTZEEL, ~FA4 b
(NaCl) BORICE RN MOGEHERER ENTNDIOHEEZX BILD, HR X #HE
WORETIT (Table 3(b) BRR) , ~NTA boflic, K3, 4, 5, 6 THAE
(CaSO4) 728, 1, 2, TTAHEORIANTA b (K2Ca2Mg(SO4)42H:20) DIFFE
NHERENT, £, TRBESOBEXRETH»OIIEREELAE (CaS042H20)
BRI &S, 220, AEBHAREORUOEKME CAER LM LH Y, TDE
HRENZEENTWIENE I NEITHATH B,

Table 4 IZIEMREZICONWTDTH /A Rk, PV Ub, U DEBRBREZEL
Wi, T8 /)4 FEFBICEL T, EEARAA71 2% (La, Ce, Nd, Sm, Eu,
Gd, Tb, Dy, Ho, Tm, Yb, Lu) ¥, 7~8x#EHIHY¥ 7 ppb LN TEEEINT,
PO A, 5B L TIRTRTORENZBNT, RV 7 ppb VXAV TERINI,
—RRIZ, PV UL UT U IHEEES T TEAR ) BRETERTE 2RTGEFTHY, &
SMEAHICE LR THD LV R D,

Table 4 TND (notdetected) &HDHLDITIL, yHBRART MV ET, 723428
BENZPobOIENY T, E—J BRI hEbOD, FERRENKESWIZDE
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Table 3(a) Contents of major components in the rock salt samples examined in ppm

Component Sample No.

1 2 3 4 5 6 7
Na® 345000 372000 367000 361000 372000 386000 391000
K 12300 2030 300 530 300> 300> 1300
Mg 3690 293 27.17 86. 4 19.7 13.9 270
Ca? 8820 962 7320 10300 3600 2100 1150
cl” 558000 595000 555000 554000 576000 593000 604000
8042_ 50500 6060 20300 29800 10400 7100 7240
Table 3(b) Results of powder X-ray diffraction
Mineral Sample No.
identified 1 2 3 4 5 6 7
Anhydrite o O O O
Polyhalite @) O @)

D Tdentified

Ay EREE LTRA Lo bDbEEND, RAIL LT, FHERRED 20% &k
ZDbDETFT—FZELTEAMLEY, —HTHEHDOT Z /A4 FRREAF—VEE2ER
LT, 7—4 L LTEALELDLH D,
TRTOREIZOWTEETE T F /A FERIET ¥ (La), U T A (Ce),
H=U 7L (Sm), =—OE UL (Eu) THhd, ZNOTELIRITPETHEELIITIC
LOEENESRTHETHD, WL, EEXZRLTICLEDLLT, TRXTOREBVTE
BETC&hrolom®lL, YRU=UL (Gd), LHo Thol=, HoldERHOMBK K2
FELEICLELOTRIETE 22 o7, GAIZOWTIE, BETOHMAZET D, Gd ik
HICHAWTWAE—2 2 Sm DFENEEAL D (F£IC 1032 keV ; Table 1 BH) , LaL,
Sm & Gd TN KES B2 5720 (4708 & 242 8) , ZOBVWEFATS LM
EEAEETDHIENTED, SmOEEME LTI 1EMD 2 VX 2 BREGBHORED v 7
AT MAPLELNIZLOEMAVE, ZORKATIE Gl DREBITFERECEENTL
FORETHY, BRETED, 1 AULOGHALIMZBL &, SmOE—7 ZEEL,
EEILERBIORVGIAEETED L HICRD, LL, SEORETH, 1,AMLE
OBHBIFM D%, 103.2keV OMLBIZE—7 BERISNZRE b H -T2 bDD, 20 b
HESNOIEEENEE (BREICKEV) Tholicdh, BRIEITTND THd & LK,
RADHEZBOC— 7 PEZ> TV DAEENRE VD, TOREIITE> TV AR, F
& DBEDOERTIE, BHHMEZ 6 »r ALLMDEEELGIOERBEE2TT LIS
TEMNHY, SEORETHLAHBME S HIZEID & Gd DEBENTRE & 72 D WTHEM
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Table 4 Contents (ppt) of lanthanoids, thorium and uranium

in the soluble parts of the rock salt samples examined

Element Sample No. ‘

1 2 3 4 5 6 7
La 11020 360 = 20 500+ 50 23020 98050 130+ 50 110*20
Ce 23020 930 £ 30 930%x 20 740%£30 1620*30 630%= 20 300+30
Pr ND ND ND ND ND ND ND
Nd 23040 500 =210 530+140 61090 ND 330150 20050
Sm 30609 88 =+ 3 330 10 122* 4  256=%= 7 339+ 8 108=%= 5
Eu bk 0.3 18 £ 1 26k 1 26k 2 2721 24+ 1 7+ 1
Gd ND ND ND ND ND ND ND
Tb 17+ 2 80 =£ 30 11+ 1 16 2 26k 2 13x 1 ND
Dy 58+ 4 110 £ 3 111 5 81% 3 ND ND 27+ 4
Ho ND ND ND ND ND ND ND
Er ND ND ND ND ND ND ND
Tm ND ND ND - ND 12+ 2 ND ND
Yb 42+ 5 ND ND 38+ 5 86+ 6 34+ 5 24+ 4
Lu ND 1.4 0.8 ND ND ND ND
Th 56+ 2 122 * 4 B4x 3 49% 2 60t 2 103k 3 49=% 2

-+

U 268030 161 6 1330k 30 197x 5 80010 800* 20 614%* 8

ND: Not detected.

= :Errors in gamma-ray counting

BhHD, 2L, FHAIMEZ 1 ARERD LENSH D,

R T, RE4ICBWTOR, Th & U, BEUVT ¥ /A FILE T Ce,
Sm, Dy ®3xREDHIKH SN, EREMEILENEh, 250 £40 ppb, 420 %50 ppb,
960 =90 ppb, 130 %10 ppb, 64 £ 10ppb Thotz, T b DEEEILEME ST
DD 10° (% (Table 4 BE) ThHH, —F, thoRE (1, 3, 5, 6) TETh, U
EEODT UL I)AR T IF ) A FRRREBHENRD» o7, ERESICERTS v
Z /A FEENERE THFETDICHEDL L TRILTREDBIEIZ D e oD, TiE
FRER S DG EETITo12/lod THhH EEX LIS, EETEEAHPOL, TEEE
LT D0, RAMBICLALEEZREL, HO0r LT ¥ )4 FTREZBREL,

EALFRELXEBTOLENHS I,

SEIDBBDOEMEICOVTORREZRABDHA ) LB L THD, KEETIE
AWFGE L ARSI HIEC LD, T2 )4 FRRCHL 10~ 11 TRAEETETEHY,
AEOFERICBENEETE LIRS 3THERESL Y (Th, URKBLTRWThOXHEE
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7 9 3

REHIZBWTHLERESNLTVD) » yBRAXNI M ELBRLTAS L, SEIOHEDES
DHEBEEHICEERBMNTREDOE— 7 [ZB~AEHNC Ny 7 75 0 FOREEN KX <
RoTHEY, GWEXTEFORENKAEDOLE LIV R+SThol-TRENSTRENS, K
AEORERRIZBW T RKABICIMY ATNIMBETE LY, SEERERIZBVTEE
KBV AENDMETHROFHE - BEE LV LRESHIHRBINDN, TR
SNEFERERSTWD, 5%, BEPOIVEL OTEELEERL, REEE R LY
DT, AR FELZRRTILNERDD, £, EXRELBELTORMELITO =
LYEERBETHD, B, BEOIKHSE, RAEFTOT LS )4 FeRoREE
ppb LA TH Y, SEIOEEP LY 0ERER. bS5 EIOERTERID 220
STEREBRBHOVES2THAD,

Fig. 112, W< 22DRBHIOWT, BIRESFOT ¥ ) A4 FoRBELXIGT S
Leedey chondrite P DIREE" » TR L TH LN D HEREE 2 FFEE D/ S WIEICIE

=-={4.=-- Sample 2
—aA—— Sample 3
~=-3--- Sample 4
1x107 -~ sample 5

© .

= ® Evaporated residue

- of seawater

RN Qe

o 1x10

P

q) ............

= e BN T R T e

O

O

-4

S Ix10  F

o C

S i

<

195 B

1X10-5 I | I | | | I ! L ! L | |

La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
Element

Fig 1 Lanthanoid patterns of the selected rock salt
samples and evaporated residue of seawater
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NIEFREFBIEFLTT ey bLZbD, Thbb, S04 )4 Nk NF— %, #K
DERBEEICHHBEIND NF— LHITRT, EEBEOCMELH Y, WADOERIEESE
DHEITENMMABH L <, e, REMOZLLT LS N bOn, 2EMIZH
DHERORELEND OWKOERBEEDHEE L LIPS — (BT 5 )4 FTEIE
R RRRAE L TV D) BELN, MAKRTOT V& ) A FIRoOMBEs e iFERR % t
BRICRFELTWVWD EWVWR D, 7220, BEMIZITBKDEREEDFE D 10 (E1RE
Lo T3,

4. K&

AR THOLNTREREABHICE L DD LRDL DR S,

1) PHEFHEEEOTEIC I VB DS % )4 FE%E, PV UL, U5 DEERR
Bl RRIZHFET DI VF /A R1LATRERT~8RRNERTE 2, iz, MY UL,
UI TN TOEERE TEETE L, BEFWTNLLY 7 ppb LV TH o1,

Q) ZvF A4 FILENANF =, 2EOIKRT V¥ )4 FTRICEAT, RELENY
D% LTWie, SEIOEERENL, % /)4 FuRICE L T, #KP TOEFEERD
R L BRTFEL TV,
4.1 5% DFRRA

RRIZFET DI F /A FER UEON, EE*RAB oK EEDT, £ED
RE LRI TX 2o 7=m#EIL, Pr, Gd, Ho, Er®47%E#ETHho7-, Pr, Ho,
Er OV vy 10 RfAT# S8 <, AR TERAL TV A HE TR EE Lt
RTHD, L2L, LVEPHEFEERN, SHHYMENCTRETE 2AE8ESEH D,
T, BEFRME'C OBEALEZLNE S, GIOBRHTIRANYM L 1 FRELEL
BT ETROREN DR, EETZDMREELH S (2L, ppt VULDOE
ETREREEHELV 2L LARZY) o WFhICLTOWIETRLREL THLENH B,
Lo, EFMRILELT, RAEDRAIIBRNTHELRENE L, AILEBEDOX LD
WERMPERIND, FIZIE, PHEFBITESIT CREOR WA VYU ADBREZIT) &
YBRANRT PNV ETNRy 7 750 RRTRY, FHEGRENHE - T, RBTHEISEZ 50
RSB, £, VIVENEETOILE, VI VOBSERISOREL bRFT S
LiZ2Y, A4 FERODERBIITAENTHA 5,

AW THEM Lo AEREHE, R4 Y GSF-Forschungszentrum, IfT 0 Gies 3% L v 12t
LTWRnwi, £/, vy AROFFMICHRBETERZRFAMEFTOMBZZFA STV
iEE, OB, RBFFEET O RR By BUIR & AL BEHAIO TR 2 Z T2, 22T,
UEDT 212 LREIOEEZR LET,
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Determination of lanthanoids and actinoids in rock salts

Takao OI
Department of Chemistry, Faculty of Science and Technology, Sophia University

Summary

Lanthanoids (Ln’s; s7;La - 7,Lu), thorium (50Th) and uranium (o,U) in seven rock salts
samples from Stassfurt, Germany, were determined by the neutron activation analysis (NAA).
In the preparation of samples for neutron irradiation, incorporated was a coprecipitation
process (aluminium coprecipitation) in which aluminium was used as a collector of Ln’s, Th and
U afier dissolving the salt samples in dilute hydrochloric acid, in order to enhance
concentrations of those elements and to reduce amounts of interfering nuclides in gamma-ray
spectra in advance of neutron irradiation. Two kinds of neutron activation were attempted,
i.e., activation by thermal neutrons and activation by epithermal neutrons; the latter is effective
for the detection of such nuclides as **Sm and **U whose resonance activation integrals are
large.

Seven or eight elements out of fourteen naturally occurring Ln’s (promethium does not
occur in nature) were determined at sub ppb levels in the soluble-in-dilute hydrochloric acid
parts (soluble parts) of the rock salt samples. Th and U were also determined at sub ppb levels
in all the soluble parts.  Among the fourteen Ln’s, lanthanum, cerium, samarium and europium
were determined in all the samples. Thus, they are elements suitable for the determination by
NAA. Contrary to these elements, praseodymium (Pr), gadolinium (Gd), holmium (Ho) and
erbium (Er) were not detected in any of the samples. The half lives of the Pr, Ho and Er
nuclides used for the determination are relatively short, which is a reason for those elements
being not detected by the present method. In order to determine Gd, it will be necessary to
identify the interfering nuclide whose peak overlaps with that of the Gd nuclide in gamma-ray
spectra and to correct for its amount. Although their concentrations were at sub ppm level,
only a very small number of the target elements were determined for the insoluble-in dilute
hydrochloric acid parts of the rock salt samples, for which the coprecipitation process was not
adopted. This fact strongly suggests that the aluminium coprecipitation in the irradiation
sample preparation is quite effective for the determination of Ln’s, Th and U by NAA.

The lanthanoid abundance patterns (Ln patterns) of the rock salt samples obtained by
normalization with the Ln contents of Leedey chondrites resembled each other as a whole,
showing a relative enrichment of the light Ln’s and negative slopes. They also resembled
roughly the Ln pattern expected for the evaporated residue of seawater (Ers), although Ln
contents of the rock salt samples were about ten times higher than that of Ers.
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