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Table 1 Irradiation and counting conditions

Irradiation Irradiation Cooling Counting

7-Spectrometry facility time time time Nuclide
Irradiation, without Cd filter
Conventional pneumatic transfer 30s 1~20min  5~17min *Na, Mg, ®Al, *Cl, *Ca,
Y-spectrom. . Sy, 52V, %5Mn, %°Cu, ',
165D
central thimble 5h 4~10d 2~15h 2*Na, K, ?Ga, ®As, %Br,

99MO, gngC, llSCd, 115mIn’
122Sb, 14—0La’ 14-2Pr’ lSﬁSm’
166H0 175Yb 187W 198Au

> > > 5

11—-80d 8~40h 6g¢. S1Qr, °Fe, **Mn, *Co,
%%Co, %°Zn, "*Se, **Rb, *Sr,
QSZI,’ IIOmAg’ IISSn’ 124Sb, 1311’
13405’ lnga, HA’CC, 14—7Nd’
152Eu, 153Gd, 160Tb, ”OTm,
ngYb, 177Lu’ 181Hf, ngTa,
203Hg; 233Pa

Anticoincidence ~pneumatic transfer 30s 1~20min  5~17min **Na, Mg, *Al, **Cl, *Ca,

7—spectr0m. SlTi, SQV, SGMI’I) 660117 1281’
165Dy

central thimble . 5h 4~10h 2~15h 2Na, YK, ?Ga, ®As, ®%Br,

99M0’ 9ngC, HSCC, llSmIn
14

IQZSb, 140La, ZPr, 15381’1’1,

lGGHO : 175Yb 187W 198Au

> E) ) 3

11~80d 8~40h  *Sc, *'Cr, *Fe, **Mn, *Co,
SBCO’ GSZH, 7586, 86Rb, 85Sr’
9521,’ llOmAg, 113Sn’ 124Sb’ \311,
l34—CS’ l3lBa, 14406, l47Nd,
152Eu, 153Gd, IGOTb, 170Tm,
’GQYb, 177Lu, lBle, 182Ta,

203Hg 233P
Coincidence central thimble 5h 14—~80d 8~40h >Se, 13'Ba, '¢'Hf
7-spectrom.
Irradiation, with Cd filter

Conventional F-ring 5h  3~9d 4~15h 2Na, *K, "?Ga, °As, *Br,
}'—spectrom. 99M0’ gngC, 115Cd’ 115mIn’
1225b 140La 142Pr 153Sm
166H0’ 175Yb ’187W 23,9Np ’
10~67d 8~40h  *Sc, °'Cr, *Fe, **Mn, *'Co,
*%Co, ®Zn, "Se, *°Rb, *Sr
952r,”°"‘A,g ”3S,n 12481’) 1311’
. 1340; I3IB;. 144,(:6 131-7Nd,
152Eu’ 153Gd’ 160Tb’ 170Tm’
169Yb’ 177Lu’ 181ygs 132Ta’
233Pa’ ’ ’ ’
Anticoincidence  F-ring 5h 3~9d 4~15h %Na, K, ?Ga, As, *Br,
)’—spectrom. QQMO, gngC, llSCd, llsmln’
122Sb lea 14-2Pr 153Sm
IGSHO’ l75Yb ,187W 23,9Np ’
10~67d 8~40h  *Sc, *'Cr, *°Fe, **Mn, *Co,
%8Co, *Zn, "*Se, *Rb, *Sr,
9szr’1lomA’g 113S’n 124Si) 131
1340’S 1313;l 144’Ce ‘Zde’
152Eu’ 153Gd’ 160Tb’ _170Tm’
lGQYb, 177Lu’ lSlH{‘ ngTa’
233p, ’ ’ >

Coincidence F-ring 5h 17~60d 9~30h ®Se, *'Ba, '*'Hf

Y-spectrom.
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Fig. 1 Correction of deadtime rate for the deter-

mination of Co in JLk-1
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Fig. 2 7-Ray spectra of rock reference sample JLk-1 after 5 h irradiation

(a) conventional 7-spectrometry without Cd filter ; cooling time 9 d, counting time 4.5 h, sample weight 83.4 mg. (b)

conventional 7-spectrometry with Cd filter ; cooling time 9 d, counting time 5.7 h, sample weight 76.2 mg.

(c) anti-

coincidence 7-spectrometry without Cd filter; cooling time 9d, counting time 4.5 h, sample weight 83.4 mg. (d)
coincidence 7-spectrometry without Cd filter ; cooling time 18 d, counting time 22.4 h, sample weight 83.4 mg. @
'»Sm 103 keV, @ ***Pa 312, @ '*’La 487, @ *Sc 889, ® *Fe 1099, ® *Sc 1121, D **Fe 1292, ® *Na 1369, @ *La
1597, @**Np 228, ¥ Np 278, @ >*Mn 835, @ '**Sb 1691, @ ™°Yb 396, @ **K 1525, @ "°Se 265, @ '8"Hf 482, B

1318, 496

WWEBARY MV THB: ARITLT 4 VT —HBYT
W Fig. 2(b) &720, *Sc, **Na /5 & DA RHBERE HS R
DU, BEDNY I T T RS T B PONp,
Sh  EMRH LR ot X, (n, p) RIGTH
K9 % *Mn BRENT E, kK&EnE—-sEUTHENME.
KERAEEREZRVNS a2y 7 vEELICE > TRE
TENY I Ty NEERTHENWTE S, Fig. 2
(¢) D7 4 vF—is LS - KEAKREEZED A7 v
EQ@Q)DART PV EREKT AL, RERBITEETIEN

v 77Ty 0K 1/8 1A LT, 7PYb, PFe, YK
BEDY -7 PRKELEN, REPESITE>TNS.
Fig. 2(d) 137 4 V¥ —7x UK - ERBIEZED 74
AN MVTH S, [FARRIERE T Nal(T1) BRHBO
BHHEEH %= 90~170 keV ICPRTE U 2 RIRE KD 18, 7
AR Fa X M) —lZHRTNy 7755 v FhHY
1/20 ERELSBA U, AR5 — FRIT vy B KR
HREED S B, 130keV I E— 7 % # > 73S,
31Ba, *Hf O KD # 1 £ 1 265keV, 482 keV, 496
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Table 2 Concentrations of elements in JLk-1 by various types of irradiation and Y-spectrometry (ppm)

Conventional  Anticoincidence Coincidence Conventional  Anticoincidence Coincidence
Element j’—spectrom. j’—spcctrom. . Y-spectrom. , Z—Spectrom. 7-spectrom. Y-spectrom.
without Cd filter without Cd filter without Cd filter with Cd filter with Cd filter with Cd filter
Na 7100300 7800 £ 300 71001700 77001400
Mg < 23000 < 23000
Al 88000+ 6000 86000 £ 8000
Cl <190 <210
K 2100012000 21000+ 3000 210002000 19900 £ 1000
Ca 4600+ 700 4800 %600
Sc 15.94+0.6 16.5+1.0 16.3+1.1 15.9%0.7
Ti 3800300 3600 %400
\Y 11411 116+20
Cr 6113 61£3 708 74112
Mn 20001200 19301200 ]
Fe 510002000 52000 %2000 460005000 440006000
Co 17.8£0.7 17.9£0.9 17.9%£0.5 179404
Ni 4213 42+3 36+2 4112
Cu <390 <250
Zn 17216 156+4 149+4 163+4
Ga <25 <27 21%3 <24
As 2611 25%1 2712 262
Se <1.22 <1.59 0.85+0.12 <1.39 <1.59 1.141+0.14
Br 7.8£0.5 7.6X0.7 8.1+0.4 8.0t1.0
Rb 1527 150+9 140x6
Sr <88 706 79£9 76t7
Zr 200130 178%23 190+ 19 168+19
Mo <1.82 <1.78 <1.89 <1.90
Ag <0.28 <0.78 <0.37 <0.89
Cd <0.63 <0.56 <0.78 <0.57
Sn <31 <21 <25 <22
Sb 2.11+0.1 2.0+0.1 2.0%0.1 1.93£0.13
Te <0.74 <0.65 <0.99 <0.98
I 27+3 2512
Cs 12.9%0.7 12.7+0.8 12.3+04 12.24+0.3
Ba 740160 670160 640180 65080 680%50 590+ 30
La 4012 4012 3912 371+2
Ce 94+£5 94+5 82+12 85%38
Pr 76x1.3. 8.41+1.0 7.4%0.5
Nd 40%2 39+3 39+3 372
Sm 8.41+0.6 8.31+0.6 8.510.6 8.31+0.7
Eu 1.351+0.04 1.28£0.04 1.31+0.12 1.2710.08
Gd <8.9 49x19 <10.1
Tb 1.32+0.06 1.31+£0.06 1.19£0.04 1.20£0.10.
Dy 8.3+0.6 7.3+0.8
Ho <1.94 1.5210.40 <1.99 <1.83"
Tm <0.84 0.661£0.04 <0.95 <0.79
Yb 4.410.2 44102 4.34+0.7 4.2+0.8
Lu 0.661£0.06 0.65£0.04 <0.84 <0.90
Hf 4.9+0.2 4.91+0.2 4.91+0.2 4.31+0.3 4.31+0.3 4.210.1
Ta 1.30+0.07 1.29+0.03 1.2430.08 1.31%£0.06
W 2.7+£0.2 2.61+0.2 i 2.84+0.3 2.7+0.4
Au <0.0079 0.0053 +0.0004
Hg <0.38 0.30%+0.12
Th 18.7£0.9 18.5£0.9 16.8%1.0 16.4%1.1
U 3.91+0.2 3.9+0.2 3.9+0.3 4.01+0.5
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Table 3 Concentrations of elements in JLk-1, JLs-1, JDo-1 and JP-1 (ppm)

Element JLk-1 JLs-1 JDo-1 JP-1
Na 73001400 14.7+1.2 <170 <360
Mg <23000 41001300 120000 = 4000 280000 10000
Al 870007000 142+ 11 96+5 2900500
Cl <190 <64 <39 92+ 14
K 210002000 62113 <39 <29
Ca 4700£700 390000 == 10000 23000010000 '3700£500
Sc 16.0£0.7 0.031+0.003 0.138+0.006 7.41+0.3
Ti 3700400 <20 <38 <159
A% 115+16 3.2%0.2 3.3+0.2 2312
Cr 6314 3.210.2 7.4%£0.6 2600%100
Mn 2000 %200 15.7+0.9 4916 840+40
Fe 50000 = 3000 136 £8 1617 64000+ 2000
Co 17.940.7 0.063+0.004 0.149£0.009 115+4
Ni 401£2 0.4710.09 3.3+0.2 2500200
Cu <250 <9.2 <10.2 <37
Zn 159+4 42106 36+2 49+5
Ga 21+£3 <0.195 <0.57 <0.76
As 26t1 0.138+0.005 0.109+0.006 0.261:0.03
Se 0.88+0.13 <0.018 0.050%+0.004 <0.078
Br 7.9%0.5 0.127+0.031 0.56+0.07 0.36£0.11
Rb 14918 0.163+0.029 <0.118 <0.59
Sr 72+6 32020 125£5 <8.0
Zr 180£22 <3.3 <6.6 <13.3
Mo <1.78 <0.189 <0.32 0.101+0.019
Ag <0.28 <0.0165 <0.028 <0.20
Cd <0.56 0.159+0.039 0.65%+0.10 <0.34
Sn <21 <1.39 <5.7 <7.6
Sb 2.0£0.1 0.0163+0.0008 0.035+0.002 0.0350.003
Te <0.65 <0.31 <0.34 <0.27
I - 25%2 <1.95 <1.98 <5.1
Cs 12.440.5 0.021£0.002 <0.0053 0.059+0.011
Ba 640+ 70 520+40 6.0+0.4 13.7+1.2
La 40+2 0.118+0.016 76104 0.025%0.003
Ce 93+6 0.23+0.09 2.21+0.3 <0.99
Pr 8.1£1.0 <0.042 1.1740.17 <0.23
Nd 39+3 0.133+0.036 4.81+0.6 <0.72
Sm 8.3+0.6 0.02740.007 0.85+0.05 0.0093 1:0.0008
Eu 1.30£0.05 0.0058+0.0003 0.16810.009 <0.0155
Gd 49%1.9 <0.132 <0.97 <0.52
Tb 1.30£0.06 0.0038+0.0013 0.129£0.009 <0.021
Dy 7.810.7 <0.118 0.8110.07 <0.27
Ho 1.52+0.40 <0.0084 0.158+0.010 <0.0115
Tm 0.66+0.04 <0.0060 0.059:0.007 <0.0126
Yb 44103 0.0162£0.0012 0.35%+0.02 0.020%0.09
Lu 0.6510.05 <0.0027 0.046+0.002 <0.0049
Hf 4.8+0.2 0.0074£0.0011 0.0166 +0.0036 0.148+0.011
Ta - 1.29+0.06 <0.0025 <0.0033 <0.0177
w 2.7%0.2 0.2010.02 0.25+0.02 0.91+0.07
Au 0.0053 +0.0004 <0.00012 <0.00018 <0.00029
Hg 0.30£0.12 <0.0176 0.048%£0.019 <0.093
Th 18.3+0.9 0.020+0.003 0.0450.002 <0.023 |
U 3.910.3 1.74£0.10 0.83+0.05 0.0093 +0.0020
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Mgt - FRAERICEY 3 THRY, WRITLATAL
F—HE - yBRANT bux b)) =iz k0 30 TR,
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FI—TEBTELD»-12 8 TLHEDS 5, Sr, Cd, Ho,
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Sn, Te i3 Y#ARY bux b)) — k0 KEEHEED
2 TEBRAMEL 5o 12,

Table 3 i 4 ARORH - FIEFEFOEEMEE £ &
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52 CRDOERZHRS T JLs-1 T 32 THK, JDo-1 T
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DRUFOBESENLZDTH B, FiZ JP-1 TRIMDER
BHIHAT Cr & Co SEBED 2, b bHER
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52 THRDOEERIT-12. JLs-1 RBOE TR EDE
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Table 4 IZ7R"Y. COEBTIEBEDOHFETHBZ 7 4V
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H - MEERIT-> 1235 05, EEBEFS 1.5 FLLETHY
BICHEM 14 JtHF dH - 2. K, Fe, Zn, Rb, Sr, Cd, Ce,
Nd iE7 4 vy -7 LRS- RERAEET, Se, Ba,
HE W7 4 v —75 LIS - ARSRIEET, Ca lds R 3
TAETANE RS yBARST ba A MY —T, Ni
Mo dh K3 L7 4 vy —RE - REFAIEETEN
ENEBERAVRBICELS o2, ZOEPITHLT 4NV
g -z LIRS - REFIEERES —FERETH 5 THEH
BEL Btz fo>T, FIARICE->TEVHS 2
2, EHTRICE > TRE - MEEZERI N, £V
REERDWWTEBEERS.

BlE, INAA IZ & - THEGEERBFD 4~24 TFH
DEEBTE., BEDT7 4NV~ URE - yiRA~Y
Fax b)) —CKEFOTRPERTE DL, KERE
EEE, ERBIESR, A NITAT74 VY —BRERALS
DEBHIET, BILEDREATRTHIENTE
fe. X, BIERRICAE U2 AR OMIE R CHERRIG
DWIE#T 5 LTIV ERLEIB SN,
MO, ARERLZTIICHY, FRICHN L THL
TR EBICEBEELEY.

1989 £ 6 A, 5 50 EoOH L
HBRICHBNT—HRE

Table 4 Best combination of irradiation and 7-spectrometry for determination of various elements in JLs-1

Irradiation

7-Spectrometry

Without Cd filter

With Cd filter

Conventional Na, Al, Cl, Ca, Sc, Mn, Co, Br, Ag, Cs, La, Eu, Gd, Ga, Sb, U
7-spectrom. Tb, Dy, Lu, Ta
Anticoincidence Mg, K, Ti, V, Cr, Fe, Cu, Zn, As, Rb, Sr, Zr, Cd, Ni, Mo
7-spectrom. Sn, Te, I, Ce, Pr, Nd, Sm, Ho, Tm, Yb, W, Au, Hg,
Th
Coincidence Se, Ba, Hf

Y-spectrom.
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Determination of multielements in rock reference
samples, JLk-1, JLs-1, JDo-1 and JP-1 by in-
strumental neutron activation analysis. Shogo
Suzuki, Natsuko Katsuract and Shoji Hirar (Atomic
Energy Research Laboratory, Musashi Institute of Tech-
nology, 971, Ohzenji, Asao-ku, Kawasaki-shi, Kanagawa
215)

Multielements in rock reference samples, JLk-1 (Lake
sediment), JLs-1 (Lime stone), JDo-1 (Dolomite) and

1

Vol. 39 (1990)

JP-1 (Peridotite) prepared by the Geological Survey of
Japan (GSJ) were determined by instrumental neutron
activation analysis (INAA). The GSJ rock reference
samples (ca. 66~88 mg) were irradiated for either a short
time (30s) or a long time (5h) at Musashi Institute of
Technology Research Reactor (MITRR). The samples
were irradiated by two methods; thermal neutron irra-
diation without cadmium filter and epithermal neutron
irradiation ~ with cadmium filter. The activated
samples were measured by three methods ; conventinal 7-
ray spectrometry using a coaxial Ge detector, anticoinci-
dence counting spectrometry and coincidence counting
spectrometry using a coaxial Ge detector and a well type
Nal(Tl) detector. 7-Ray spectra obtained were ana-
lyzed by a peak-fitting procedure using a GAMA system.
Concentrations of 44 elements in JLk-1, 32 elements in
JLs-1, 35 elements in JDo-1 and 24 elements in JP-1
were determined by the combination of these irradiation
and counting methods with correction for deadtime and
interfering nuclear reactions.
(Received July 24, 1989)

Keyword phrases
determination of multielements in rock; instrumental
NAA; GSJ rock reference sample; 7-ray spec-
trometry.
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