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This paper describes advances in isotopic measurements that have been made with an
inductively coupled plasma source magnetic sector multiple collector mass spectrometer
(MC-ICP-MS) and presents results of new experiments aimed at further evaluating the
instrumental capability as well as the correction technique for the mass discrimination

effects.

The ability to correct for the mass discrimination effect using a second element

of similar mass and very high sensitivity for elements that are otherwise difficult to ionize
gives this instrument major advantages over other conventional techniques for isotopic

measurements.

The isotopic data obtained by MC-ICP-MS clearly demonstrate potential as a new
technique to produce precise and reproducible isotopic data for the elements that are dif-
ficult to measure by thermal ionization mass spectrometry (TIMS).
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EEE). X, TIMS KBV TIREHELLA A Y E—L
WELNEVILHEL DAL B, HUWVEBSEOR
BREFrnTO, 2O UEBREBICERLIZONK
SHEBEB T I A<k A4+ YRICHO ICP-MS THh 5.
FRESH D ICP-MS &, KEHEAF v EIHDA
F VM OME (BERRROBEICES 4 £ V7]
HUBE) IThA, ICP-MS DA EXLBETH DL I0E
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AKBFEICH W 72 MC-ICP-MS £ E VG Elemental
%4 Plasma-5¢ TH 5. HESVHICIIILRE —HHEHE
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8§ — RO FEZEFRER 540 mm OFRBIET» 575 5)
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Fig. 1 Schematic mass spectrum showing principle
of correction for mass discrimination effect
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BHER>ICHEZRNT 2) »oEHT S, 2F0, &
Motk EWIERCH 2R ICRMEITT 5 &ick
0, AEREELRE CHEFERCRMEZDRIHET
5., ZONMBWIEEE TIMS ICBEHTE L. &
nid, TIMS TRICEDER - 1 4+ VLB E S ICHERM
TREBI0, SRR EFIERATCEOM THESBIR
ROBENRLZLIDTH S, ZONRBEEIL, HE
HERERR, FMAEESR Z2BET 20BN 20D,
SREESERTELEVIBELEHELTVS.
MC-ICP-MS T, D E=>0®EEOVT NG
BWAWEETH B0, XTI, CNETIKERT—-F»
BonTVHAEERENPHIERICOVT, FAESD
R EBNTHIEICT 5.
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f (F&EUTTIMS) BT B EiITky, 7—7%

OIEFEM %54 L 7.
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Table 1 Isotopic ratio measurements for Ru, Nd, Hf and Os by MC-ICP-MS using internal correction method
a) Ruthenium

Ru %R/ 2Ry 98R W/ 2Ry 100R W/ 102R Yy 101R W/ 192R 104 1/ 102R 4
Average 0.175029 0.0591843 0.399300 0.540708 0.589215
SD(20) +0.000039 +0.0000088 +0.000017 +0.000017 +0.000055
Relative SD (222 ppm) (149 ppm) (42 ppm) (32 ppm) (94 ppm)
Accepted® 0.1757 0.05917 0.3987 0.5405 0.5896
(SIMS) +0.0003 +0.00009 +0.0006 £0.0005 £0.0007

Errors are 20 (=606 Runs). Normalization: **Ru/'°®Ru=0.4042 (Hutcheon et al., 1987)
a) Hutcheon et al. (1987), SIMS: secondary ion mass spectrometry

b) Neodymium

Nd 12N g/ 44N 13N g/ N 145N 4/ Nd 18N /N 1SON /N
Average 1.14186 0.511848 0.348416 0.241577 0.236393
SD(20) +0.00010 +0.000039 +0.000019 +0.000016 +0.000020

Relative SD (89 ppm) (76 ppm) (54 ppm) (68 ppm) (84 ppm)
Acceptedb)
(TIMS) 1.14183 0.51180 0.34842 0.24158 0.23642

Errors are 26 (n=100X6 runs). Normalization: '**Nd/'**Nd=0.7219 (Wasserburg et al., 1981)
b) Wasserburg et al. (1981), TIMS: thermal ionization mass spectrometry

¢) Hafnium

Hf 174Hf/l77Hf 176Hf/177ch) 178Hf/177Hf 180Hf/l77Hf

Average 0.008548 0.282220 1.467187 1.88631
SD(20) « +0.000036 +0.000041 +0.000052 +0.00011
Relative SD 0.41%) (144 ppm (36 ppm) 60 ppm)

pp pp pp

d)
Af;;i;:; 0.008712 0.27978 1.46710 1.88651

Errors are 20 (n=60X6 runs). Normalization: '"°Hf/'”’Hf=0.7325 (Patchet et al., 1983)
¢) Variable due to radiogenic contribution from '"*Lu.
d) Patchett et al. (1983)

d) Osmium

Os 1840y /192y 186035 /1920y 187035 /192()¢) 189035 /1920y 19005 /1920y

Average 0.000403 0.038869 0.0453709 0.395721 0.643614

SD(20) +0.000014 +0.000012 +0.000011 £0.000016 +0.000019
Relative SD (3.48%) (298 ppm) (245 ppm) (41 ppm) (29 ppm)
Accepted” o 0.03900 0.04026 0.39548 0.64362
(NTIMS) +0.00002 +0.00002 £0.00006 +0.00005

Errors are 20 (n=60X6 runs). Normalization: '®0s/'*?0s=0.3244 (Nier, 1937)
e) Variable due to radiogenic contribution from 187Re.
d) Creaser et al. (1991), NTIMS: negative thermal ionization mass spectrometry

TemEEZ Y —F2RANKOEREZETH 5. '"HY/
YTHE iR onz k52, BEEED KX RRMEKL
I T, Reon FHIEU ZEMARL, Rme. SEEIZ N1 ZRIET BC1E, BESWETNICE T 5 REAEZRIZ
FMUARL, CI3MIERE (FEZERRRGE), 2L 25, HEEEIHOWEDEIRBENLILES LI LD

Reorr = Runeas (14+C) " (1)
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Table 2 Pb isotopic ratios for NIST981 SRM determfned by MC-ICP-MS using Tl-external correction method
Run 208Pb/2O4Pb 206Pb/204Pb 208Pb/206Pb 207Pb/206Pb
Run 1 36.625 16.927 2.1637 0.91433
(n=100) + 0.009 + 0.004 +0.0002 +0.00003
Run | 36.636 16.925 2.1646 0.91431
(n=100) + 0.007 + 0.003 +0.0001 +0.00003
Run 2 36.663 16.937 2.1648 0.91435
(n=100) + 0.009 + 0.004 +0.0001 +0.00003
Run 3 36.645 16.929 2.1646 0.91432
(n=100) + 0.007 + 0.003 +0.0001 +0.00003
Run 4 36.639 16.925 2.1649 0.91431
(n=100) + 0.004 + 0.001 +0.0001 +0.00002
Run 5 36.640 16.927 2.1649 0.91432
(n=100) + 0.004 + 0.002 +0.0001 +0.00002
Run 6 36.644 16.925 2.1649 0.91432
(n=100) + 0.006 + 0.002 +0.0001 +0.00002
Run 7 36.638 16.922 2.1651 0.91434
(n=100) + 0.004 + 0.002 +0.0001 +0.00002
Average 36.642 16.9271 2.16469 0.914325
SD(20) + 0.020 + 0.0090 +0.00086 +0.000028
(0.055%) (0.053%) (0.040% ) (31 ppm)
Andy et al. 36.691 16.937 2.1662 0.91411
(1993) + 0.015 + 0.008 +0.0002 +0.00021
36.721 16.937 2.1681 0.91464
NIST Value + 0.036 + 0.011 +0.0008 +0.00033

t Errors are 20. Normalization: **T1/2®T1=2.3871 (Bievre et al., 1984)

WX ZTBLIDENHL., ZOREICO T, SCHEME
DOEFEEOHFMbLED T, BIERN2HEDH TS,
RHE/YTHE RO OHTHE BB E 4 T
XHEAE (TIMS Ik 281%E) &—FULTH, E#EkE
DOEVWENAE T - BBLINATVNEIEEZRBLTL
5.

F A3 203 0s ORNIETELEE I LB $ 5 (1%Re
DBEEICEBRNMNKMMERZTS) o, ¥0s/
9205 122V T I1E MC-ICP-MS D43 #r i 5 & kil %
kg s tizTEnn., ¥0s/1%0s It VT,
MC-ICP-MS iC k0B sNTF— 5 EXHE (A4
YREEEATMEICLBHHE) OMIKBEELENVIRS
N5, 180s/1%0s IZDOVTE, NT =Y LDBAEER
B, HEEESREQHEE L >TWA I, Rf4AZE
BIBIROHIEICHE) H AN A RBR LT NS, Fh
DA o BALIKLE 7 — #1220 Ti1d, MC-ICP-MS 2 &
%P TEAE & SCEME IR E DO —B &R U 72,

Table 1 IZ/RUiERIE, WIhbNEREEZH
WTRNMAEZERNZ R ZRBELZBEOLDTHS. X
IZ, ICP-MS B\ TH® TERL SN ERHEE%
RAWTHE LS hznRN RS SR ZEN T 5.

33 MAMBHIIT~SNEBHIES

$R 1% 20Ph, 20°PD, 207Pp, 2%Ph & U S PO DR E I
K blsd, ZDH 5, 20pp X7pp, 8py FENEN
28y, U, P2Th OREHEZL I & 5 RN E S,
HABOERRTY T RO M) 7 LAOEFEEEIZG U TH
MATFEENELT 5. -7, FAMNEGFEEENIEE L
ORI 2P DB &Y, NIEERIERTE L
V. ICP-MS i, WA vikiEzHEo ey, ERDIT
REFRICA A (LT 5 ENTRETH S, 22T,
DEDICHEEESBEHATE L OBEITOVTIE, B
FEBRBERmOR DeE (SMEREITTHR) Z0ML, SERE
TCHRD O RN AEERRFRE 2K, HFiE (22T
W3R ICEATAARERBOBEENTESB. T hES
BRI LMY, SADGE, HEEV IV S ) v Azt
BHEITTRE UTIRINT 5. ARRIERIE, Wbid, Bl
FTNANL 7BETHBHEVZ LS. SERIEE RS
U T R TCDILRICOVWTHARTH 0, HICLER
MENZDOUDFELZVILE @23 F9 4, Ko
V, AVITL, R, ANV ARE) R, REEE
ENEHL2VEMESZOLTchdTE Bl i<
TAT T L) KOVWTERERMES T E2IT> ET
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BELHIERE LS.

SEORE T, FNEIT 2T smEmic, 59
LEFIML, WRIHEVIRITB I 5 RREZERIZR % 5
E¥ 5. :

207Pb 203 ™907™" 906
( 2OGP'b )mcas ( 205Tl )meas mzog_MZO5
207Pb = 203Tl ( 2 )
( 206Pb )truc ( 205T1 )truc
ZIT, mRBENENORNEDOERZRYT. ZOAT

1%, SRR AE (meas.) EEDE (true) @
s, BADREBHNT-0 DS ) Yy ARMEOBEEEE
DE (XEE) OHIZELWELTHIEEZ{T-TWV5
(FMERHEIERR) .

NIST » 5B S W T WV B EREMAERERR (NIST
SRM981) 122\ T1E 5 N IR RS ASER % Table
2IRY. ZOGHTIE, SMBKEEZ lppm & L,
RNAZ RS ROMIED - DIZERIMU Iz 5 ) 7 A DEE
1% 0.3 ppm THb. thFEMNEEZ B ZERBIEIIB W
THEHELLS 2Pp/*Ph il T, XEMEE Lh—
HERLTOVDIENSPSE. UL, SEE MR
PET— 7 2EHMICRTH B E, WTNORIMNET—F
b OCEE & B L CREICEC BBl T B T &8
B, i, $REF ) T ATIEDLT L TIEDH S HE
NARZRISIROBEN RS BTSRRI N 5.

# T, NIST 981 @ 27pp/2%py 7 HHETE %84
B I BRMEENHRE, UYL LEHEINSHE
UAAZERZRE A2 KB U TA 7 (Fig. 2). Fig. 2 ic7a v
FENTNBETF =13, KL omEiet (B, -
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5 1

= Sample : NIST981 v

s Loz} . ]

g ot

o 7

& ‘0// 00 |

= Lolof JPRAEN _

-8 & |

£ v

g - - ]

£ Lok bﬁ ]

S 27

S Loos - . | (Errors lare 26) ]
1.006  1.008 1.010 1.012 1.014

Mass discrimination factor for Pb(Cpy)

Fig. 2 Correlation of observed correction factors
for mass discrimination effects of Tl and Pb

)Y LPEE, TVITYHAKRE, 2774 F -0k
¥, ¥V v ra-y, MBEBELSENRELS) ITh
WTEMNELDTHS., 7Tay PINIAEIT 45 BED
fHE2&H->THY, A&7 ) 7 LIRS N B ENEZER
MEPEH L TOBE I ENSL B, L, SR
T5E, IRTOAT1: 1 D45 EDT A v & 0FZH
Bizkiw7ay bExhTBY, SREF YT 2IB0VT
RIMAZERISIROANGPRIL > TN ENTN 5.
ZOREBMBDLEFHRB DI, BOPDILEIZD
W T B ARZERIZIR 2 AFANCH N T A 72 (Table 3).

Table 3 Summary of mass discrimination factors for Rb, Sr, Nd, Hf, Re, Tl and Pb obtained by MC-ICPMS

Rubidium Strontium Neodymium Hafnium Rhenium Thallium Lead
BRB/A'RL  Bias  Sc/%Sr  Bias  'SNd/"™Nd  Bias  HYHf  Bias  '®Re/®"'Re  Bias  TV™®TI  Bias  P’Pb/*®Pb  Bias
24713 10243 0.11373 10245  0.74541 10161 0.74992 10118 0.58369 10117 243644 1.0103 092374 1.0099
(0.007%) (0.009%) (0.006%) (0.011%) (0.003%) (0.004%) (0.006%)
24715 10242 0.11381 10241 0.74556 1.0162  0.74902 10112 0.58369 10117 2492464 10079 092150 1.0075
(0.007%) (0.004%) (0.004%) (0.007%) (0.004%) (0.018%) (0.010%)
24712 10243 0.11385 10239 0.74552 1.0162  0.74966 10116 0.58365 10117 242075 10071  0.92079 1.0067
(0.006%) (0.005%) (0.004%) (0.008%) (0.003%) (0.007%) (0.004%)
24710 1.0244  0.11390 10236 0.74537 10161 0.74968 1.0116  0.58361 10117 241906 1.0067  0.92044 1.0063
(0.005%) (0.009%) (0.004%) (0.013%) (0.004%) (0.007%) (0.005%)
24720 10241 0.1139 10234 0.74522 1.0160  0.74968 1.0116  0.58365 10117 243363 10079 0.92320 1.0093
(0.005%) (0.011%) (0.004%) (0.016%) (0.002%) (0.011%) (0.006%)
Accepted! 10243 Accepted’ 10239 Accepted! 10161  Accepted’ 10116 Accepted! 10117 Accepted’ 10083 Accepted’ 10080
=25027 £00002 =0.1194 00012 =07219 00002 =07325 *0000¢ =0.5974 00001 =2387] 00032 =091464 00032

Errors are 20.

+ Data Source for Normalization Value: Rb (Catanzaro et al., 1969), Sr (NIST Certified Value), Ru (Hutcheon et al,
1987), Nd (Wasserburg et al., 1981), Hf (Patchet, 1983), Re (Gramlich et al., 1973), Os (Nier, 1937), Th (Bievre et al,

1984), Pb (NIST certified Value).
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Table 4 Summary of the Pb isotopic data for NIST981 and NIST982 SRMs determined by MC-ICP-MS using a newly
developed “mass corrected” external correction method

208Pb /204Pb 206Pb /204-Pb 208Pb /206Pb 207Pb /206Pb

Average 36.680 16.9311 2.16636 0.914623

SD(20) +0.021 +0.0090 +0.00082 £0.000037

NIST981 Relative SD (0.058%) (0.053%) (0.038%) (40 ppm)
NIST value 36.721 16.937 2.1681 0.91464

+0.036 +0.011 +0.0008 +0.00033

Average 36.707 36.712 0.99986 0.46703

SD(20) +0.024 +0.027 +0.00008 +0.00005

NIST982 Relative SD (0.066% ) (0.074%) (80 ppm) (105 ppm)
36.745 36.739 1.00016 0.46707

NIST value +0.039 +0.036 +0.00036 £0.00020

Errors are 20. Normalisation: *®TI1/*®*T1=2.3871 (Bievre et al., 1984)

SmE, BIELLILEIE, VEYI A AburFy
Ly AX Vb, NTZUA, LI A, FYI A, AT
Hb. TNENDILHRY HEIE XN 5 RNEZEFZRE
EREAEZZE, VEYVIARUTZA PO VFI LD
1.03 BE» S HEHSEMT 212201 THRHEITH A
U, ZUTLBRURITBENT 1.0l BEIZKE TS
LW s. 22T, RNRERNREITFEE ST
ROBEEBH (£=5 - URNAKOEERDOTH5HE, #
2, FU Y L5 25T/ o FRLEERZR %
FELUc), HEBELTWMEDOTYE, >£0 204
ThaEUl) kLT 7ay bLTHZ (Fig. 3).
Fig. 3 2 A5 L HEBERNNRVSIMITCROEEIIWH LT
BRESBEREZH>TVWA I ENSLSE. ORI, 8
F)YLATIEEDEOYH S0, BEICIHEDH
MEZERNDHRIE R UV EERRBRLTWVS, OF
0, ) LZAVTHROENMNEZNDRZHIET 512
HITWE, TV T LD SEHESNRMEZERZRMIER
Wz “HEWHE §50EBP H5. 22T, Fig. 3 ICR
SN TN AZERZIROE BTN (Fig. 3 DEFIEK
RERN_FECLOEBLLLD) KHESE, 70U
L7 5RD AR ZE RS R IERE 2801 “EBH
E” LT, snRpRKEEISHL .

HEBWHEZT-125 )7 ARNMEERGREIEFREZ
AWTEE L/ NIST 981 ®# (Common Pb) KT
NIST 982 DA (Equal Atom) D RELIKL 77— 5 %
Table 4 IZ7RT. ERDOIPHIEEIC L VE SN FRL
f£7°—% (Table 2) MBI 2L, HFBEEICONT
TR BV E W DD, NIST HERE & o—FtE 1k
HopilmELTWAEZ EBSh 5.

TR UREBENMROERKEMNE X, SERHHIE
BAREHTALTCEETH S, IMBREERITH DO

1.03 b

1.02

1.01

Mass discrimination effect/C

1 1 1 1 1 ] 1

75 100 125 150 175 200 225
Mass number/Dalton

Fig. 3 Dependence of the mass discrimination
effects on mass

TLFRIL, BEBVTEARISWITREELLTVS
EWEFELVY, BYULTREITFELLEVES, doh
U RIMAEZERZIROE BT 2 BF ICRET 5 2 &
BTETOIE, PREEBEIEEN TR 2 EETREE
UCHWAZENTES., Zhi3, NEIEEOEER
G INY RN
4 SREROFE

SEoGHTTcHVW R INTEREBTH 5. &
BHEEACHWII T I ABMIF 230 3 v 32754 H—
X, RELEAX Y E—20Boh, RMESVISHEL
RATIAF—THBENZBH, #DXE, ARBN
FHFENZ L, 04~06mimin~! IKET B, BITD
MC-ICP-MS Z R Wz RSESHTIZB O T, S
BOBRREISBLZ 1ppm BESLETH 510
(DT BRNEOFEEE L DB ITREEIIKRES
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%), 1 BOBEMESHTTHEEINHAEREIL 10pg I
LRREENHE (HU, BEAEAT I/ —%2H
VB EILD 10 EREEOEREDR LEFTRE). 0
BB DORE X, BITO MC-ICP-MS 250 » 2 2R AD
MESTHD EEAS. RRLEKRFETIE, BITO MC-
ICP-MS DRBEZEHHENT, BE( vF—Tx2—A
DUEROH UV EBRERHBOBRRICEFLTHY,
CRITOSEEEL T 100 50 | UTORBE THE
DORMNESTREENBONE Y AT LOBEZEIRLT
W5, EESDOPE S IV— 7 H, MC-ICP-MS O F R
EBitzBigIRkbd A E LEHIL, MC-ICP-MS &L —
=TT L—2aVviEbLDfAHELEIIHHEERS.
BEAHEREIE R 5 BHEE, T E, 50T EY
(inclusion) Z &RBEENARER NS L, HB AR
CELBEELHRERRBEICOVWTHENZMRAE2E5
h, &UEECHBREIFNERSTRRE LS. KEI Y
BV REDINV—T1E, LY =TT -3 g kil
HEDHHE I MC-ICP-MS 12XV, &< #H L WIIKEE
BHAREZBLEICKLO2DH DY), 20RT V¥
Y NVDES EEMT .

Afetbya izl EftT (LERFRES
£FEF) ROHEP REL (BHBRYEFER) SHLD

Vol. 45 (1996)
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t3

=

TNFAL I —2HFT S ICP BESWE (MC-ICP-MS) #2HVIZEMESITEZENTE. K
LTI, BEERMESTCE O THES 5 2RMAEEZERNRE ZOMEEII OV THENS, &
S DILEORNRERZ BHEOICEIET 5 2 EI1I2E 0, MCICP-MS KR 515 RMERZRZh RS
EREDS, IMTEOBELHIG U TIEDCHEEZ DI EXFr o2, X, COREERIALZHLL
NEHEEZBERL, Bon5T7 - OHE (TIMS »5D3h) 2 lLd5ILPTE.
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