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Abstract: Accurate and high-precision analysis of Cd isotope composition in geological and environmental samples is of great
significance for the study of marine primary productivity, paleoenvironmental changes, traceability of heavy metal Cd pollution,
genesis of sulfide deposits, and marine Cd cycles. However, the low Cd content and complex matrix of environmental and
geological samples pose challenges to high-precision Cd isotope analysis. For geological and environmental samples, this study
developed an efficient and reliable two-column Cd chromatographic separation procedure and a high-precision Cd isotope
determination method. In the first column of AG-MP-1M anion exchange resin, a large amount of the matrix, including =99 %
ratio of Sn, was removed first, then Cd and a small amount of Sn were rapidly eluted using 4 mL of 1M HNO, solution. Unlike
the traditional second-column separation of Cd using TRU, Spec, UTVEA and BPHA extraction resins, in addition to Mo, Sn
and Zr elements, TOPO resin can further separate other potential residual matrix elements such as Mg, Fe, Pb, Ti, V, Ag, Cu
and Zn, etc., without causing problems with resin-derived organic matter. Cadmium isotope ratio was conducted on Neptune Plus
MC-CP-MS, using double spike method ("'Cd-""Cd) for instrumental mass discrimination correction. The long-term external
reproducibility for two standard solutions (NIST SRM 3108 and Spex Cd) was better than +0.05%, (2SD). Geological and
environmental standard samples processed by the presented two-column Cd chromatographic separation procedure and then
determined the 8"*"Cdysy 05 values are consistent with the values reported in the literature within uncertainty, confirming the
accuracy, reliability and efficiency of this method. Furthermore, the Cd isotope compositions of the domestic geological standard
samples GSR-2 and GSR-3, and soil standard sample GSS-6a are reported for the first time, which are beneficially for evaluating
the analytical capabilities between different laboratories and data quality control. Overall, this study will provide efficient and

convenient new technique for the accurate and high-precision Cd isotope analysis of geological and environmental samples.
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Table 1 TIsobars and molecular interfering ions for Cd isotopic measurements (Wombacher ez al., 2003)
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Table 2 The two-column chromatographic separation procedure of Cd

O A PARBU(mL)
H—kE: AG-MP-IM (2 mL)

- i 2 M HCI. 10
1k 2 M HCL 2~3

MMk (Mg, Ca, Ni, Fe, Ga, Ge, Ag, Zr, etc.) 2 M HCL 6
4K (Mo, In, Pb) 2M HCI+3 M HF 16
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F{k(Sn, In) 0.015 M HCI 8

BRI AR 1 M HNO, 2

Bl Cd 1 M HNO, 3

% H: TOPOMAE(0.2 mL)

- i 1M HCI 2
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BR A AR 1M HCI40.1 M HNO, 3

il Cd 1M HCI+0.5 M HNO, 0.8

®3 MC-ICP-MSUXERHMARUBESH
Table 3 Typical instrumental setup during Neptune Plus
MC-ICP-MS analysis
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HNO s 1Y ¥ B #2252 56 3% 1F 86 5 28 1k 8 ik % 1
FEIR#ES) 4 hm &0 S B3 W H 2% HNO,
i B J5 A6 ICP-MS L2 . ot R 1 43 e R 30 (K,)
HIE Younes er al. (2020) 89 L5, AR .
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BE RS K, Zn . Cd Fl Mo 1 43 Bt 72 B0 386 K, 0 2
Cd A1 Mo, Bt 7E TOPO B B I 11 0 B BE 77 N Wy 34
3% AE HCIAY R, Sn7E TOPO M i _E 1 53 Bt £ %L
He K HAEBF 55 (0 HCLY Bl N 2 A AR K A9 28 16 (&
1b). 45 & HNO, fl HCI % 4 F TOPO # Jig X} Cd .
Sn Ml Zn i 7R A [6] 9 W B BE T, AR BIF 5T SCREAR T
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FEE € 2 1 M HCI, 32 87 18 K HNO, 19 % B (530 4
0.05.0.1.0.2.0.4.0.8 M) .HNO, Fl HC1 IR 4 B2 1%

Distribution coefficients of Cd, Zn, Sn and Mo in TOPO resin under different acid media
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R DL b S 80 25 5, A IF oY 24 3% H A A bR AR
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SRR SE Z W LIE 1 M HCL. 1 M HCI+0.05 M
HNO, 11 M HCI+0.1 M HNO, % # & 14 F 48 Je 9t
Ve . BE S, Cd B /b &L B Zn B 1 M OHCLH-
0.8 M HNO, % P, 111 Mo 1 Sn A5 8 44 ¥ 76 44 i
b TF R EARRE SR R Zn/ Cd R HE S 1K 500 4%
Pib, FIRZE R EH TOPO MHIS AN A ] T8k i i
4388 Cd RIS G WU SRR v A 5 A, P T e Rk
B Cd 5 Mo . Sn%5 ot & LT FAYES IR AN SE8
M TIRA R TP HCLHTHNO, B 3 B LU AT B3 85 Cd
5 7Zn, IBICE WA AR (Cd: Zn: Mo: Sn=1:5:5:
20)VE N SEERAE i, TOPO B IR %4 0.2 mL. 4n &l 2b
Bk, B PIAERYIR A2 1 M HC1+0.5 M HNO, % )
(0.8 mL) AT LAPEE £ 99 % /9 Cd, B A7 Zn B PE B 5 &
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I+ . 5 BPHA (Zhong et al., 2023a) . TRU Spec #f
I (Wombacher ez al., 2003; Peng et al., 2021;
Guo et al., 2022) M1 UTEVA (Zhang et al., 2024 )
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£ Cloquet et al. (2005) F1 Zhong et al
(2023b) Jy ¥k B il b, 7258 — #F 19 AG-MP-1M
JE o, K& A Sn S ffi HH 2 M HCI+3 M HF %
JE, Zn 0l 8% A 0 B A (K VR B 1 HCL &
B s fx J5 Cd 5 20 5 5% 4y Sn I 1 M HNO, % i R

BROVE B (&L 3) .Cd ¥ W Hh 5%k 4x 1Y Sn K Al v 7E
1 IR 2 3 K H TOPO B fig itf — 25 L Bk (& 2b).
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Wi RE A DL A M 4k M BRORT 3R BT RE &L Y Cd.
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PR ol mT DL i K & Y 3E 1R (Garcon er al.,
2017) . A S B % M A AR Cd 25 11 Cd i WU
T TR 1k 1 . AR T i B B 26 Cd TR) o 2
f) Cd 25 F 4 78 0.03~0.07 ng Z 8] , 2 5 {3 3 25
FE b i (29 30 ng Cd) B 0.2%. X % B 4 i 72
1 Cd =5 [ X Cd [\ 457 R 43 # (4 5% el 7] LA 22 0
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Fl Se I 8 3 1 B B ALY ALY A ALY 2
JiL - A = A A4 B TR 4 (Wombacher er al.
2003; Liu et al., 2020; Tan et al., 2020). K T ¥F
A B 09 W AT Cd 3l 0 B R SR R = Tt
R IR, ik 5 0 TR PR BE AR A o Cd AT 4R
JGE W5 5 ICP-MS #4722 . Bk T P/Cd fl
Zn/Cd 8 7E 0.000 1~0.000 15 Z [ , 4 1k iy Cd
W Ga/Cd | Ge/Cd , Zr/Cd . Nb/Cd . Mo/Cd A
Ag/Cd HAE K F 0.000 1( & 4), 3 W X 2+ 4 oo
EAKRAR ™4 Z R FHE M T (Liv es al.,
2020; Tan ez al., 2020). [A¥¢ , 78 4l fk (1) Cd k¢ &
' Pd/Cd. In/Cd #l Sn/Cd I {8 4> 9 1€ T
0.000 003, 0.000 006 F1 0.000 008, 4 & T ] &E 5]
L[] o S TP A9 7KSF (Liu ez al., 20205 Tan et al.,
2020; Peng et al., 2021). i & 4% B3 B A Bf 5% 2 7
B AE Cd €385 3 55 5 22838 F T b 52 /0 BF 555 4 o
Cd 7o & 19 4l Ak 1 Cd 8] 17 2R He AR 1Y w5 K 52 23 A
24 CARMIZEMRAZENERESEHN N

£ MC-ICP-MS il i i 72 Cd [’z R o 7 o,
AW 5% K2 B 43 B NIST SRM 3108 I W ( 5 A
FE) F1 Spex CAd( 2 S % bkt ) LhITPAG AL A% (19 F2
PEFIE B P NIST SRM 3108 % Wi i Wi 4F N 19 °F
7032 45 R R —0.001%0 40.043%, (3""°Cd st 105 »
2SD, n=>500) (&l 5a). 76 M £ f Cd [6] 7 2 1 1t
P ep B0 4 S BE 5 S R4S 2 Spex Cd.Spex

0.05 M HC1

30
e A B (mL)
59 F S e il i 1) Cd Ak 2% 43 il £k
Fig.3 Chemical separation curve of Cd using anion exchange resin AG-MP-1M
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CA MR 8 Cd s H R —2.122%, +0.039%,
(2SD, n=30) (¥ 5b), 5 Li et al. (2018) Fl1 Tan
et al.(2020) it 38 19 45 R — B . A Cd [ 07 & b5
Y TR B A B M T £0.05%0 (2SD) .
E2 S 5 TR S N ) o < I e B T I VA= IS oy -
DL AT RS B R Cd TRl 2 & 4 AT
2.5 HURFIIRIEFRHEN CAdRMLREK ST

T Sk R A By Cd [/ R 438 7 i 5 HE A A
AT EE M AR 5T 22 O I ST U AR B L 2 IS
FEL R Cd, IO I Cd [z 38 20 B . BAK 9 53 B 45
RVEW E 4 FE 6. % 1A GSR-2 fI L i # GSR-3
19 Cd [F] 37 3 2H B2 1 R B4l . %2 1l s GSR-2
FE Y 3" Clgisy s T 0.080%0 +0.037%, (2SD,
n="6) , 5 SCHRHZIHE 1Y) 36 [ H T R A )=y (USGS) % 1L
EFREE AGV-2(0.080%, 4 0.05%0~0.21%, 4 0.04%: )
W -2(0.027%,+0.046%,) (Liu e al., 2020; Tan
et al., 2020; Pickard et al., 2022; Zhong et al.,
2023a) {y Cd Al i F& 21 AR £z 3 . 2R A GSR-3 1l
FE Y 0" Cl st aios TH N 0.155%:+0.066%, (2SD),
n=6). % L R A FER Cd A7 Z 4 5 USGS 1y
BHVO-2( —0.031%,£0.077%,~0.15%, £ 0.03%0) .
BCR - 2 ( —0.03%,40.06%,~0.10%,+0.02%,) #
BIR - 1a (0.03%0 4 0.05%,~0.17%:40.09%,) (Liu ez
al., 2020; Tan et al., 2020; Pickard ez al., 2022;
Zhong et al., 2023a; Chang et al., 2023; Devos et al.,
2024) WA —8 . 1A GSR-2 ML i A GSR-3 1
IMMOCd s ool ELT EHAEERR 2 HIER (— 0.06 % +0.03%0,
BSE) FIR R L #7E(0.03%0+0.10%: ) &A W& 12 5%
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Fig.4 The efficiency of the Cd chromatographic separation protocols in separating the matrix
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( Schmitt ez al., 2009 ; Pickard er al., 2022 ) .
ARBFFEALSTHT T A4 FEMTTRIARFE b GSS-
6a iy Cd [ 7 2 2 e i s K RUTEY GSD-3a
52 19 8™ Cisrsnos T A —0.085%, 4+ 0.061%:(2SD,
n=6) , 5 Peng ez al. (2021) ( —0.08%,+0.04%,) #i
Zhong et al. (2023b) ( —0.095%, 40.055%:) iz 18 19
MM Cd st HIRMI G K RVIEW) GSD-5a23 4 Cd
[ BN 0.056%0 4 0.047%0(2SD, n=17) , %2 Ll
PSSR 8 Cd i 10l E—35(0.01%, +0.02%,~
0.062%0+0.046%0) (Tan et al., 2020; Peng et al.,
2021; Zhong et al., 2023b). + HE GSS - 1a 4 #1 1
S MC s 10 B — 0.060% £0.058%0(2SD, n=6) ,
Y5 Zhong et al. (2023b) )43 Hr 45 RARFEIT (—0.078%,
+0.050%). SUHY GSD-3a.GSD-5a Fl 3 GSS-
la #E & (1 Cd R A7 28 41 AR 8], I 5 19 GSS - 6a 1
MMCd gsr o M — 0.303%0 +0.052%0(2SD, n=38),
T8 /N T AR E R 5 b 3RO K BT B 52 (Schmitt ez al,
2009; Pickard et al., 2022).Tan et al.(2020) % T P4
JNZEHb R 3 R E I R 2 & B X B

ZIHE(GSS-5) R P B LA KA WAL £ (GSS-4) 1y
Cd [ 28 4L, 34 - HERE Y 01 C s s TH 53
A R —0.111%,40.044%, . —0.308%,+0.016%, #i
—0.694%,+£0.010%,. Wl B £ % L B K & W £ 4
J& X ATV R L A K A AR SR S
AW 2 )80 X A G GSS-6a( ] &K
BHEES LGS LB X)H D E 7 ERR
M Cd Al & & 4, X 5k o s & + B
A AR B b 8 Cd 4 4 i S el R R, i
B A R B AR IR % Cd R 4> B9 4 8 T 1 — B
(Zhang et al., 2016 ; Zhu et al., 2018) . [a] B , ¥
A 0T W R BRI B Ak i KUAR 7 o xE B OBR X
b3k B b B Ak ) AR R A R B R
(Zhu et al., 2018). [ U0 = /M & 4 W4} 5 0 X
VT R HE A 0N Cdyisy 5108 TH AT F —0.10%,
£0.03%~ —0.39%,£0.02%, , & &~ i % K Cd
M A7 2 % fiE H A % K 48 4k 8 # ( Zhang
et al., 2016 ) . KW itk , & J8 &7 X + ¢ GSS-la
il GSS-6a 1y Cd [F] i & 4 W 2 5 7 fig 52
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Table 4 Cd isotopic composition of reference materials
EATYE €d(10°%) SMICA er 410 2SD n B ok IR
GSR-2(GBWO07104)/ 4 11 % 0.056 0.088 0.046 2 W5
0.065 0.024 2 W5
0.079 0.017 2 A
0.080 0.037 6 FEHEM=3)
GSR-3(GBWO07105)/ % i 0.070 0.106 0.029 2 ENIE
0.173 0.017 2 ENIE
0.165 0.025 2 ARWFFE
0.155 0.066 6 EHEM=3)
GSD-3a(GBW07303a)/ VL i 0.509 —0.091 0.033 2 AR5
—0.054 0.032 2 BN
—0.111 0.052 2 BN
—0.085 0.061 6 FHEM=3)
—0.08 0.04 Peng et al. (2021)
—0.095 0.055 Zhong et al. (2023b)
GSD-5a(GBW07305a)/ 7L 1.52 0.039 0.015 2 A5
0.042 0.042 2 ENEN
0.076 0.065 3 BN
0.056 0.047 7 FHEM=3)
0.036 0.064 Tan et al. (2020)
0.01 0.02 Peng et al. (2021)
0.062 0.046 Zhong et al. (2023b)
GSS-1a(GBW07401a)/ + 1 2.98 —0.079 0.048 2 AW
—0.062 0.040 2 AW
—0.040 0.057 2 W5
—0.060 0.058 6 FEEM=3)
—0.078 0.050 Zhong et al. (2023b)
GSS-6a(GBW07406a)/ 1 0.340 —0.284 0.064 3 AR5
—0.316 0.036 3 ENIEN
—0.311 0.017 2 ENIE
—0.303 0.052 8 EHEM=3)

T A SCRISCHR A Cd R A7 2508 #72 LA NIST SRM 3108 bR Rl b BE i 5 48 500 1 Y B0 ; MAR FEARRE b <7 114 A U 8 5 2SD 2 WA s i Al 22

B (0 XUAR 77 90 R IR AR BT R BE B S e T AR

A ALY G Jm A Y AL T R B Cd R A7 3R o 18 A
i, b2 &m0 Y A R 2B A A 09
(FE B VBRI #h 5 55 ) B9 0 18 i ik A e it — 20
WFICBRE . 25 bR IR AR5 4 i P AL Y Cd W)
137 28 73 B 7 3 73 B M 50 R BR B8 AR A B9 Cd [R] 37 3%
A Bk 3R 00 a1 R 25V L — B, R X
7 W5 B AR AR EHE TR R R Ca
o AN UT ALY ) B B RS Cd TR A 3R

3 45ig

ABE G SL T — Bl AL S B AR Cd &

T4y B TR L RS Cd 5 AR T R W m AL
) B i H i Cd el e 5% Cd % B K L R
AG-MP-1M B & + 3¢ e 1 fig 08 56 25 B Sn 45 £ %
SARTTE I, Cd % Wb Y 8% A Sn S H il 5 4k T
LW H TOPO # g #F 17 #F — 25 43 8 M L A% 5t
9 M 20 B Cd 9 TRU. Spec.UTVEA 5 BPHA
WU R, TOPO M4 fig AT LA 2 B 08 2208 16 1 3%
B AR T Mo . Sn il Zr, H AN A#E 5 A Bl
I .Cd 7] {37 Z H A f# FH Neptune Plus MC-CP-MS
BE A Cd /1 SR B 7 2 (M'Cd-"Cd) #E 17 4r #r.Cd
7] {37 2 bk #E 35 W (NIST SRM 3108 Fl Spex Cd) K
1143 M B9 S0 RS BE A T 0.05%, . i FH B i Cd W)
1 43 M O % Ak B Ml S RN R B AR AR S S L
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FE B Cd [F] A7 28 4 R e 15 22 30 Fl N 5 SOk ik 18 H
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