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To obtain precise and accurate isotope ratios with a multi-collector ICP-MS, three methods such as inter-
elemental internal calibration, sample-standard bracketing (SSB), and log-log linear regression correction
model were applied to isotope ratio measurement of lead (Pb) and cadmium (Cd) for the correction of instru-
mental mass discrimination. Certified reference materials including NIST SRM 981 (Pb), NIST SRM 3108
(Cd), and BAM 1012 (Cd) were used as reference materials for the isotope ratios of lead and cadmium to com-
pare the corrected results obtained from the respective correction models. The accuracies of lead isotope ratio
measurements were in the range of -0.002 (2°72%Pp) to -0.035 (2%¥2%Ph) % when the inter-elemental
internal calibration applied. The same range of -0.002 (**72%Pb) to -0.035 (**¥2*Pb) % was also found with
the SSB method. The log-log linear regression correction model, on the other hand, showed a different
range of -2.160 (*°7206Pb) to 0.219 (*8204Pb) %. The precisions of lead isotope ratios with these three cor-
rection methods ranged from 0.027 (2%62%Pb) to 0.127 (2%82%4Pp), 0.025 (2%/2%Ph) to 0.124 (2%¥204Ph), and
1.265 (207204pp) t0 1.367 (*72%6Ph), respectively. Therefore, both of the inter-elemental internal calibration
and the SSB method were selected as good methods for mass bias correction of lead isotope ratios. The
e!110Cq values obtained from the application of the three different correction models were -14.5+0.7 (Ag
as an internal standard), -13.0+2.1 (SSB), and -15.2+1.8 (log-log linear regression correction model),
respectively. For £'"¥10Cd values, the inter-elemental internal calibration showed the best precision
among the three correction methods. Isobaric interferences with cadmium were also corrected when cor-
rection coefficients were applied to each isotope of cadmium. The difference of correction coefficients
between the isotope ratios with natural abundances and the empirical ratios in the isobaric interferences
reached up to 11%. The heavier isobaric interferences (1 1% 119P( vs, 1%Pd) were underestimated in the
application of the natural ratios, while the lighter isobaric interferences (1121141165 s, 118Sp and °In vs.
115Tn) were overestimated. In conclusion, the inter-elemental internal calibration and the SSB method can
properly correct the isotope ratios of interest in the isotope ratio measurement using the MC-ICP-MS.
Further research on the isotope ratio analysis of environmental samples should follow to improve precision
and accuracy.
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g3 7lEF 994a EFEES NIST SRM 981
(Pb), NIST SRM 3108 (C)E Z7t o]&agom
BAM 1012 CRM (CdE 7I=F 539194H] 249
AUEE vwel] o2 ETEAE ARSSIGITH 7F Al
B+ 1% HNOpPl 3780 A%s w52 345t &
2519}, 7h=E3 el Fx= ICPMS (Elan DRC-
e, PerkinElmer, USAYS ARE-31993, 72+ 942] 59
4= Multi-collector ICP-MS (Nu plasma I,
Nu Instruments, UK)E ©]&3le] #2319 tH(Table
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9

p

NIST SRM 997 TS 5:1 (Ph:TDE, 7128 59
2H] BEAoMdE &(NIST SRM 978 AgS 2:1
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Table 1. Operating parameters of multi-collector ICP-MS

Instrument settings

RF Power 1300 W
Acceleration voltage 6000 V
Coolant gas flow 13.0 L/min
Auxiliary gas flow 0.8 L/min
Cone .
Ni

(sampler + Skimmer)
Analyzer pressure
Signal intensity
Sample introduction

6.0 x 10 mbar
32 ~ 354 V/ ppm

Desolvation system DSN-100
Nebulizer type GE micromist nebulizer
Nebulizer pressure 30.0 psi
Sample uptake rate 100 pL/min
Spray chamber 110°C
temperature
Membrane temperature 110°C
Hot gas flow 0.3 L/min
Membrane gas flow 2.80 L/min
Mix gas flow (CVG) 0.07 L/min
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Table 2. Faraday cups configuration for Pb, Cd and major interferences

Detector L4 L3 L2 L1 Ax H1

H2 H3 H4 H5 Hé6 H7 HS8

Pb 204 206 207 208

Tl 203 205

Hg 202 204

Cd 106 108 110 111 112 113 114 116

Ag 107 109

Pd 104 105 106 108 110

Sn 112 114 116 118
In 113

(CdAgIZ 77k H7Fsioirt. W s91am] EAo =

TeHa MBS Bole Hge BAe] flsto

Hg%& #4jsle] nAs) F9lom), Cdo] 7% 1A
T+

(Table 2).

2.2. g2t 718 Y MY =¥

w3t These] AR W nA e vasy] 9
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W0Cd 2h(-1332+£043)2 71Fo2, & Wi E583d
zq7]- BAHPAS} log regression line EAWES 2§

S w A7 -145+0.7, -152+1.8% Z+Z+ 8.9%,
14.1% 9] #olE HP O, SSB HAWHLS -13.0+
212 24% Aol Hehl 7MY adHos BAEE
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£ Pbole gE], Cde B A4 5o &5 93t
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Table 3. Pb isotope ratios of NIST SRM 981 (Pb), the mass bias of which was corrected by TI spike correction, SSB

correction and log regression line correction

Isotope ratio TI spike SSB Log regression

mean + 26 36.6623 + 0.0466 36.6623 + 0.0455 36.7554 + 0.4780
208/204py, accuracy (%) -0.035 -0.035 0.219
precision (%) 0.127 0.124 1.300

mean + 26 15.4818 + 0.0099 15.481 = 0.0093 15.3968 + 0.1948
207/204py, accuracy (%) -0.021 -0.020 -0.570
precision (%) 0.064 0.060 1.265

mean + 26 16.9286 + 0.0045 16.9286 + 0.0043 16.7000 + 0.2158
206/204py, accuracy (%) -0.020 -0.020 -1.370
precision (%) 0.027 0.025 1.292

mean + 26 2.1657 + 0.0022 2.1657 + 0.0022 2.1361 £ 0.0278
208/206py, accuracy (%) -0.023 -0.023 -1.388
precision (%) 0.103 0.101 1.303

mean + 26 0.9145 + 0.0003 0.9145 + 0.0003 0.8948 + 0.0122
207/206py, accuracy (%) -0.002 -0.002 -2.160
precision (%) 0.038 0.037 1.367
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Fig. 1. Pb isotope ratios of NIST SRM 981 (Pb) corrected by internal standard spike, SSB, and log regression line
correction. Dashed lines represent mean Pb isotope ratios of NIST SRM 981 reported by Cocherie and Robert

(2007)19,

Table 4. Cd isotope ratios(e'Cd) and £/iCd/amu values of BAM 1012 related to NIST SRM 3108 Cd SRM corrected by
internal standard spike, SSB and log regression line (empirical) correction

Inter-elemental internal Log-log linear Re.
o . ) SSB method 8-108 (Abouchami
. calibration with Ag spike regression model
Isotope ratio et al.)
mean i mean i mean i mean
@ 20) e"Cd/amu @ 20) e"Cd/amu @ 20) eCd/amu @ 20)
-21.2 -19.1 -12.6
116/110 -
€ Cd @ 3.5 354 @ 5.0) 3.18 @ 154) 2.10
-145 -13.0 -15.2 -13.32
114/110
e Cd @ 0.7) 3.62 @ 2.1) 3.26 @ 18) 3.80 @ 043)
-10.9 -9.9 -11.9
113/110 i
€ Cd @ 1.0) 3.64 @ 12) 3.28 @ 2.6) 3.98
, -73 -6.6 -9.8
112/110 ,
€ Cd @ 0.8) 3.67 @ 1.0) 3.29 @ 5.0) 4.89
-3.6 -3.2 -4.3
111/110 -
€ Cd @« 0.7 3.58 @ 0.3) 3.22 @ 1.9) 432
A4 H7E AR =] Wil 7t 5994 & (sotope FE AL Hl(eCdamu) w2 €k 2 AF
paine] EANIE Aol MAPTHD, W TE £ od E43 BAM 1012 Eagole] ©928% % Cd
e A (U6 14 18 12 MA0CGe FAG weld 919X e 7 RAWEEE 354 ~ 367 eCd
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Fig. 2. Cd isotope ratios of BAM 1012 related to NIST SRM 3108 Cd SRM corrected by internal standard spike, SSB
and log regression line (empirical) correction. Dotted line and dash-dot lines represent €'¥'°Cd values

(mean + 2sd) reported by Abouchami et al. (2012)'?.

amu(2 WHF BEFE2 #H71), 3.18~3.29 eCd/amu

(SSB), 2.10~4.89 eCd/amu(log regression) ©]%lomH,
D50 2 B4 HAE ZH2F 0.0524 €Cd/amu(
o Yr FFE2Z H7P, 00474 £Cd/amu(SSB),
1.0481 eCd/amu(log regression)®-Z e}, SSB H
Aol F91dae] Adagle] I8 e 7= A
o2 FRIsT) 53], 16Cde] @) AHAd Fo9h
H)7} 318 eCdamuz THE F994 H|AU-14Cq .
3.22~3.26)° W3l ztel7t vergdth. ol M5Cd 59
QA0] AAZANN 7} 749%2 THE F919%0) BlE) F
7] wZe] e g 74 Hapt & o= Azkd
T} H6Cde] F9ldA BE AL Ag, o] Ay
Cd 5992 vE= Z2t 3.63+0.03 eCd/amu(> W+
¥FEZ #7b, 3.2620.03 eCd/amu(SSB), 4.25+0.48
(log regression)®.=, 7} 9 SSB HAWHS 283
< o 097%2] 7P A& 24 xS eI &

3k SSB ®AMMAES 283k 7390 Abouchami et al.
(2012)2] Ax2HE Akl BAM 10129] @A 39
Cd 599¢4 ¥|(3.33 eCdamuw)et 7F4 2AEE 73

HERA AT

34. 7I1=EE S9lAH| BAMo| SHY ZHMala &
A ME

7h=go] BAY 7 T4 %Pd, 1%pd, 10Pd,
13, 112Gn, 1MSn)e} o]o] thdt 24 F19a(%Pd,
1, 18Gn)o] Rzt o 2RE FAF 7] 2AAS
E AEeglon RE RZ=19 AAAFE Bt
(Table 5). Pd, In, Sn®] AFAZA U ZRE 2=3 B
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Table 5. Comparison of isobaric interference correction coefficients calculated by natural ratios and empirical ratios. The
natural ratios lead to over/under estimations of isobaric interferences, compared with the empirical ratios

Natural ratios Empirical ratios Over/under
Interference . . A
correction correction estimation

T06pq 105pq * 1.2239 105pq * 1.2476 (R*=1.0000) 98 %

1%pq 1%pd * 1.1850 1pg * 1.2623 (R*=1.0000) 94 %

10pq 105pq * (5249 105pq * 0.5806 (R%=1.0000) 90 %

125y 18Sy * (.0402 18gy * 0.0361 (R?=1.0000) 111 %

4Gy H8sy * 0.0272 H8gy * 0.0256 (R?=1.0000) 106 %

118Sn 18Sn * 0.6001 18Sn * 0.5841 (R*=1.0000) 103 %

131y 5T * (.0448 151 * 0.0435 (R?=1.0000) 103 %
He A (PPNE HAEYYLZ AMSER= v SSB RAW o] 71 2o AHIEE Btk 92 1
In(*®In)z} Sn(*2Sn, 14Sp, 16Sn)e FAL UL of, Wt V=8 THLH] B4 A 6 nys
(B, 18502 BAFIDALE ARREEZ MCICP-  918le] Yi E¥FEd 3o SSB WHHS o]&dle] B
MS EX3ye] A Aoz 9lg FAF 7HIFH Aalde w o gE g S 4S F S h 2
94 F FAS 989 el ¥ A= A4S Hu, AR} o] B4 A] vfjde] gife] A
& = U f9) o] FEE 7HddAe] A7 T g e A, S v ojn] YR EFEHE
2 HASE Hols 3% U2 AL Uisk A JrrE QA0 23tEY e A9 UlE 15 EE
AT el AFHl WHS Bl e »AGAS Hrhdyelut SSB BAWHe HdskA] kg 4 Atk
9] 2k=2o] HQ3kS Ho] Frf wEhA, Alge] AR B4 wEt H-e By Wi
Agsta, d8 A 5o AR AAE] PHE =Y
4. & = o=24 F o Al Agst A3E IS 5 Utk 2
4% 3 BEE AR e 9@ Jl=E
H A= MC-ICP-MSE o|&3le] AR T 24 B U2 mAUe 485 e vjE) &
3l S55 459 FHYME BAske Ao AR A veidEd, ol thE W vk 9
A sl A HEF S BAS] 8, 710 o] 71719] obgAdel o 2 &S W97] WEe R

Hue yWREFEd A7 iy, 358248 wx & FAHEnh

A B oy 2048 3R 2AHE d3t FI=R BAM T8 AEslorst Fadael ¢
FIEEY 994 46 H83 A54E v|wsts st 7 aE BASP] fEiA HEs e AA
o}, 2 A 2AHY w2 NIST SRM 981 (Pb) EA|e} AA 7171238 Bl 42 vE&S ARESlo
9] Ph &99&H B4 A¥ees YR 555D HvE HAASFE AES A, BAReEREH AEE 52

HA3 SSB HAWM oz WA AL 0002 @7
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