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Fig. 1 (a) The volume of applied literature published annually

on Cd isotopes; (b) The volume of literature published

annually on Cd isotopes in research areas
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R 4 T A 1 b B 22 i Cd % 18] i SR A1, T
T 0 i A BTV IR R AE i Cd 4 [T A6 L iR 42
Wik o Park 26020 W 1 AR ] i A4 [ 437 25 00
BB K Cd IR, R BURE B A B3 12 1 e
SR B 2 R R TR 2 IR B, Cd iR ok T
80% F) R Ak HE 7 3 ALk B PR RE A, T 57 25 A
SR . N, Park 1 3 Y FREEAE B
RTAbFE Y Cd [0 3R AT 80% B, A RE MR I 532 1
FRARL R HUAE
1.2 #isr etk itk

Cd M aife 50 B TA R LBR AT R (A
T 2 SR T B R AR IR 5L 2240 0 3K 1 5
Wi, FERR R RS I, AMTHESE T A kR
JECRE G M K RE S % R B AR S B 4 B Al Ak Oy
(1), JEAERTE S IFR T A5 & WU I BREE RE
i AEIRE T R AR IRE S Cd 43 B Ak 7 R AY



514

UG A5 BARRE R R AT TS BE

5540 &

Pallavicini 251 % F 2mL AG MP — IM #} J§ %) & &
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254 0. 25 ~0. 4¢Cd/amu, Horner 253 "' Cd
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PSS 1K ) 0. 038%0, 3 J2 H HIR HERE & 1Y B 1
KEIE . 222 B T 4ROk A A R B F 58 Hr
AR BKERE WO Cd =" Cd F1M Cd - Cd AU B
TRZ A" Cd =" Cd XU B FIMA 2 B DR 1
L ARGk T Sn Al Pd X Cd F1MCAZE T RY
g, XFF'Cd - " Cd XU R R 275 HoA B i
HEFA, H AT SIS I JCA A E .

2 RN AE s R A

MR, Cd MU B IROUR, B lir A W R
WO S R rh e 7 A B S A [ 62 3R 2048 IR, 5
I3 2R TP 8 FR U R PR M L 7
G RS R B, 2K TR R
S Cd PRI 32 R R, 5 i k] il R ) Cd
Y RE R0 2R A8 Ak « 322 Tk K B TR] 437 28 21 102 A 4
K, Cd YR BEBARPRE i, 47 A3 3R OB B, i R =
gk Cd 5 i By A R 07 3R 2H B A = B A
e BOI R T RW, BRAE IR RSN K IRIR A
Cd oM A S A LA & Cd SENR WA
Wi Cd FEMHEK GRS, S BORLEIEIR A Cd S
TR 2R AR RAFAE S

KA G XK D Cd 55 5 5 R 2R 6 R
FEMWI L . Yang %1 BF 5% S PG HF 52 R 2 Ik
BRIZ KA Cd RILFAE R Z [BIAFFAELRPE R,
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Table 2 Measurement methods of Cd isotope analysis and their

accuracy
s . - +25D
SRR FEIE Ty i e .
(eCd/amu)
Wombacher % Ag-,Sh- MC - ICP - MS 0.2~08
(2003) 144 normalization T o
Wombacher 4§
(2004) 117 SSB MC-ICP-MS  1.0~1.5
Cloquet Z(2005) 143 SSB MC-ICP-MS  0.1~0.5
Schediwy %:(2006) 53] 190 - 11cd DS TIMS 2.0
Lacan %(2006) 1**) Ag normalization ~ MC - ICP - MS 0.8
Ripperger and
Ripperger(2007) [0 0cd-"¢d DS MC-ICP-MS  0.2~0.3
Gao 2£(2008) (40! SSB MC-ICP-MS  0.2~0.3
Schimitt 2£(2009) (31 190 - 19%¢d DS TIMS 0.07
Shiel 4 (2009) 26 Ag normalization  MC-ICP-MS  0.2~0.8
Homer 2(2010) () "Wcd-'8cd DS MC-ICP-MS  0.2~0.3
Xue %(2012) %) Mgg-13¢dps  MC-ICP-MS  0.13~0.2
Pallavicini 2:(2014) ) Ag normalization ~ MC - ICP - MS 0.2~1
Wen 4(2015) 57 SSB MC - ICP - MS 0.2
Chrastny %5 (2015) (2] 1%cq -1cd DS MC-ICP-MS  0.05~0.2
Martinkova %(2016) [*') 1'¢d - 3¢d DS MC -1CP - MS 0.15
Zhang %(2018) 481 Mg -'B3¢d DS MC-ICP -MS 0.1
Tan %(2020) (26 Med -Mcdps  MC-ICP-MS 0.1
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(Cd:0.1 ~0.25nmol/kg;&""°Cd =5.5 +0.5) ik
A B FHRA XS Cd e B2 SR 3R
HB A T W H Z M (Cd: 0. 02 ~ 0. 46nmol/kg;
g"MCd = 1.4 ~5.7) UMK A 2200 2 K
(A B B8 — R 5 o PG {1 1) ST TR] ] 7K R i 4L
Kalix J[V KA (""Cd = =3.8 +1.0) A%
KES, FHI R A Cd 052w A & 1) X 3548
AR . 53 —TJ7 T, Bridgestock 25 fF 57 44



514

UG A5 BARRE R R AT TS BE

5540 &

WRPPER R RS R 4R R T - 1.9
~ + 1.9 ZIA], 452 F R MK W] B AR L I SR
VAR (4 B A\ T R S B R K FU . LA, Yang
2LV BIF Y s B ] i 90 9 )2 1 A 88 ) A7 25 20 A
ORI, 42 1 AT Rl R R VA R o K Zn
FI Mn JEZ 40 T 320K IR s Cd g
W, SEERRGZ AW MBI R . B, 221K
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VEW TR 22 5 0 K 8 [ (37 2 2R R A W
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PEABRIERER E0 4 5%, BB 2 77 % A L 1T 5 T
KIS | X & /K 19 3 B 8255 5 1B J7 2, Janssen
44 T VRIFFE S BRTE AR AL AT 0 S b 7 o g B e 4
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137 2% 4 R AE AR , 45 A0F 8 T 7 350 087 7K A 5 B
48, Janssen %' AEBF T 2R A6 K B K ) T I
R B TR Ay 2 AR 7 1 K P R, 22
KA TUR I Ve 2 1 R AR I T i X, T
1085 25 U 0 N\ R K RS TR 37 LR

2017 ARG , AT R BLA L S50 Cd 2
(932 2 18 K B4R R A B AR A % E K.
Xie 2" EF 0 R PI SR 2K Cd ¥ 5 1A {3 &
LRI S e F B R TR R K B LA 53—
A] RS A DL 5 B A, O B R R i
FIUFG , A USRI B RCRAR , (15 1K S R R B R 3
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412V H George 257 43 BIBFSE T P AL A2 FIT 5
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R OL 2R B Tl BB A AR A4 T BE W] e

TEMCEERE b, 2235 T AR R SE PRt S A T 9T IR
M LT e PRI PR BE (5 K. John &7
WFFE T AR W g P2 BRI BRI I S 0E =
P ) A [l 2R A BB AR I O, R R4 )2 =
AR IR 28 41 B bE < R4 B ke B 1 i 2 3 Ml
2y 2, ik RIUVGRIA O RAESS dbad B R 4 T BUMY
I3, SRR A = AR U, 35 R
HED S 2 SR ) — 300 T A 207 ) 8 ) 37 26 2K
AR AR . 5 X e R R E K 2 A
PV E RS2 & SR AR, DO M A oA dsk T
HARRIMIZ HFE, Hohl %™ 7R 58 4E B G 10
IS WA TR] ) TR, R AR s 3R B i U R [ o7 25 5%
ZAHBRAL AR PR BE VR A BRI  TEHL
TR R TVE FNHFVERI A 7= 1 TR 2O i R ko Hhl
SR (] 8 28 B0 Y 52 ) o 32 1) THI A 5% 114 7y T K
e"MOCAd N -3.96 ~ +2.97 ZHEH NN IX F
ST AR YRS A A2 ), (H H A W A 5 B0 R 4or
ZAMm N R BT E i H % )8, Viehman 257 fif
58T BRIl R Z SRR AE RS R A 0 &
i R TC R MR R AU, KIS R E)Z A
RN RA M (e"""Cd = -1.15 ~ -0.34) 5 E K
il b7 BEAS— 2, WL Cd SRR T KB KALE T,
(B i = = A O A TR VA W W C A SN
(e""Cd = -6.98 ~ +6.86) , H 4R K21k
HCdMU TR FREMNMEIE, 5 Mn fl Ce TTRE
TEAHDG , KX 265 )2 A1 T BT AN [ml oy B2k 9 4 Ak
WD AR BE I I A 3 W i O 2 R ) 57 2R B8
BT TR P B b R 5 A Bk R0 A A
TGS KWk F7 . Hohl 257 SR 140 45 kg 1 77
KIBHE R+ & R YES A & A LT DTS A kiR
ERAH A HUTT A A A AR R AR 2L 53, T 2

j‘j 8114/110Cd%@%+ﬁ - _ 8 52 - 1 31 ,8“4/110 Cdﬁmﬂi —
+0.26 ~ +5.75,&"" Cd gy = +1.17 ~ +6.34,
A P A DU - R I PR PO g 4R
Y ER AL R ALK, Y6 TR A Y s R 2 K Y A%
%, STV B A HILIST 2H 53 A X 4R e W)
2. Dickson 25 % i 2 1 Kimmeridge B22{ 71 A&
it AR 2P i Posidonia 5T 25 44 1 R LA &
APLBIE AT N L, A A LB FGE 1k
RS FEIRR AT Cd Zn Fil Mo [RIf R K&
W AR, ik 1w A LB A e A 1 (A 7 22 R Ak
A DA R G il DORRE B (B B T AL GE 1k
WSS A 5488 A LK (TOC) HLEHE K, 7E
i Fx I hnmT, 5 5 UL E R 52 ma . BRI 5T

J— 5 N
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SERBE— AL IR ER A M = A 1 B 2R TR IR
e o AU IUE T A HLTH 0 AR AR AT
T HI AR S, 6 TR A2 3R nT R 0L 3 B AL
H o

375 10, i [l 23 0 T ot W ) A
PG . Georgiev 457 Sy A 1 LU HE 3 19 AN 7] 18
TR 15 Cd & R Rl L s AR 6 &% L 32 4
TR TR B SR W SR ) R A 7 ) 5% 2R B = R AT RE AR
B ARE RPN — I T1iH B e T A R
Wi — WG J1E S AR S IR Y IR - 4
BT AR, Georgiev %57 IE B 5%
T IARAE B 22 MR R i 2 v 38— 2 W P v 4 T
A R AR G RRAR S B SF DU AL S 4
PR /R RS B 22 5 O B SR AN B TR B AL R,
AR B B L TR A SR AR PR T R 6 R
AR A LA VI A 56, W o8 B 2 A A
R W5 7 HonT LURE T T 48 78 2 J2 WK 37 70 1 A
FHAR Sl MR DU S I8 D45 b A0 4 R 7 2% i
ARAY, w DUHEDN Y & R A A T T R
PF AR PERI A 7 T ISR Y o Zhang 5570 %) =
B — =B SRR IR R B R A R A
WA TIFSE , R Bt )2 & Cd {E i H.2E
PB/IN, F WG — B 20 T R ) A 7 0 v O AR,
SE MR ARZRAL & Cd LI 2 3 9/ N D8 B ol i
PG IIAE R T o BRI P - T K 4
FAF AT BB IR T MR S A 7 R EEAE TS . Hohl
BT FE 2 T B 1 T 1 o S G 40 2 B S 4L

3 YRR R ERIR R B
Table 3  Cd isotope data of lead — zinc deposits

B AL U AN R AH T BIF 5T, & BURK R £6 AH 11 54
[l R AUN 5 42 B Lk (TOC) Fi1 67 C,, 5 Al
KRR, I 5 AR I U TT R A Y075 4 8 Tt
RUWIE B R A, R i1 & R IE R R AR
FMAFAEE FACE T AR L 7 S S . £
5 AT P A AR U A 9 3k 1T
(F = F) b5 &) i i 5 ) 67 R I AE9% , &R BUAEF - F
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Research Progress of Cadmium Stable Isotopes

LI Hai - tao, YANG Xin, LEI Hua —ji, YANG Yan, JIN Lan —lan, HU Sheng — hong "
(State Key Laboratory of Biogeology and Environmental Geology, School of Earth Sciences, China University of
Geosciences ( Wuhan) , Wuhan 430074, China)

HIGHLIGHTS

(1) Recent advances in digestion, chemical separation of organic matter — rich samples and high — precision
analytical technique with double spikes were reviewed.

(2) The application of Cd isotopes in marine science, geoscience, environmental science and agricultural science
were summarized.

(3) Investigationof the Cd isotope fractionation mechanism and its controlling factors, which will be conducive to

establishing the tracer system of Cd isotope biogeochemistry fractionation.
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ABSTRACT

BACKGROUND: Cadmium is a volatile element with chalcophile affinity. In the marine environment, Cd is a
micronutrient element, while in the ecological environment and agricultural soil environment, Cd is a toxic
element. Therefore, Cd isotopes have been used in marine science, earth science, environmental science, and
agricultural scientific research, and show great application potential.

OBJECTIVES: To summarize the high — precision analytical technology and applications of Cd isotopes in different
research fields.

METHODS ; The recent research progress in digestion methods, separation and purification of Cd, and double —
spikes calibration methods for organic matter — rich environmental samples, plant samples and biological samples
were summarized.

RESULTS:: For organic matter — rich samples including environmental, plant and biological samples, microwave
digestion, high — pressure ashing and perchloric acid digestion can eliminate the influence of organic matter in Cd
isotope analysis. Combined AG MP — 1 (M) resin with hydrochloric acid leaching system can effectively separate
the matrix and interfering elements, which will not result in Cd isotope fractionation. The precision of Cd isotope
with ""'Cd = " Cd isotope double — spike correction was around 0. 1£Cd/amu. The application of Cd isotopes in
marine science, geoscience, environmental science, and agricultural science were also summarized in this paper.
Cadmium isotopes were used successfully for building marine biological geochemistiry cycles, inversion of ancient
marine environments and primary productivity change. In sulfide deposits, Cd isotopes were used to trace the
evolution of ore fluids and the source of ore metals, and to discriminate different deposit types. In environmental
systems, Cd isotopes were applied to distinguish Cd pollution sources, and to investigate Cd sources, migration,
circulation and storage mechanisms in agricultural sciences.

CONCLUSIONS:; The research of the high — precision Cd isotope analytical method and Cd isotope fractionation
mechanism and model, will promote to establishment the tracer system of Cd isotope biogeochemistry fractionation

and innovative development of non — traditional stable isotope geochemistry.

KEY WORDS: Cd isotope; double spike correction; isotopic fractionation effect; isotope tracer;

paleoenvironmental evolution; discrimination of pollution source



