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Fig. 1 Depth profiles of dissolved cadmium and phosphate in the

Pacific Ocean ( data from reference [5])
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from reference [ 17])
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Fig.3  Cadmium isotopic ratios & ('* Cd/"°Cd) of exirater-

restrial matter in the universe

(data from reference [13,19])
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HEC A B 5 3 (4 45 5 2% b DX R 5 G 1 R Bk
Pio Gao 25 R4 T rp B AL VT U VLA [0 8 i 37T
FUW,2 AL F Pb — Zn 17 BT A TR B4 4 ) 437 R
{5 8" Cd/"Cd) 4391k +0. 31, +0. 35 (hREVE I
A Spex Cd,Lot;CL 3 —82CD, %5 —#} Nancy Spex Cd
VAW ALY B R R L E 8 (M Cd/ " Cd) Y
ARALIEE A —0. 11 ~ +0.07, Shiel 25" S HfF55 T
v EAEHR AR AL Ph  Zn B [R5 25 4318 A 1 450, X6
A7 L AHANR Y B i 7= ) A T4 ) 6 22 2 i
FE o HH AR FEE YR ZnS0,) R IR R H
S Cd/MCd) AEILTE I - 0. 13 ~ +0. 18 (frifE
VWK PC IGR -1 Cd #1 PC IGR -2 Cd) , &3 & ik
b e = AR R R4 8 Cd/ M Cd) Sy +0.05,
Mk 4 (EZ Y A Zn0) 1 8('"Cd/"Cd) Ry
—0.52, 4y (M Cd/"Cd) B +0.31 £0.07,
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+0.46 0. 08, Shiel 2 I 15111 42 K P #5451 25
RS A4S A 455 (g e ) 437 22 8 (M Cd/ M0 Cd) AR
FBIEHE A -0.69 ~ —0.09 (kR N PCIGR -~ 1
Cd) , 87~ A 16 T /K b s 4 g el b R
HZK LI RIER)Z S 200, R B AS R R EE Tl
HERTS A, 1 38 [ 2R 06 52 10 305 25 1) i ) o7
FH s Cd/"Cd) LTI R - 1.2 ~ - 0. 54,
FUA B o AR A s AR AR R R 6 R R, 2 Y
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TEfE ] MC - ICP — MS I 5 A i i 5 [R) 7 &= LA
i, 5 AT e 22 b o A [ [R) 62 28 9 LU AL, AR DR T
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3.2 GRIRINIEbSER

H T, E bR F3A g — R AR AR g AR
P I B S S N R R AR R AT 5 ] 3 3R %L
P, FEOR RS2 50 % 0BG A B W] e, E4E
HIsR E Z bR ifEA Johnson Mattey Company ( JMC)
H PRI ERTATR \Metuchen NJ USA A= 7= Spex Cd &
WL M BAM - 1012 Cd 7 (3 1), Wombacher
LTS IMC Cd Miinster 790 b i RUE 5 1 R
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Table 1

analytical techniques

b BRI A AR AR ) 4 [ 407 28 4, AR50 5L A A
AR BEE . T A A R AL YR A Alfa Aesar/JMC
B R R A = [ A e B B 22 5 [ Tl o 3%
He(™Cd/"Cd) WL HEZE 0.0 £0.5 ~46.5 =
0.5], L, R IMC 28 5] A 7= (1 S An i 7 T AE Ry
[ 4R [ L AR MEAEAE — A 2. 5 TMC 4@
FRAEZSARL, AN [F) 2B F=HE YR 1) Spex Cd 1981 [F 3 25
AURFIREAEAE B 22 57 [ R R AH e (M Cd/Cd)
WMVEEAE -0.5+1.2 ~ +0.1 1.2, FEEBEFA)E
MR BAM - 1012 Cd 1 [F) v 2 AR UE- 5 Ak R £6 b 5k
1R )57 28 A A 22 KR, BEANIE B AR i R R
FruEfii A . e WFFE B, NIST SRM 3108 455
TRV LE AR IR AR R .

A1 58 B A BT B IR A 25 SRR S 2 b R SRR R 2 (1 €/ Cd)

Summary of Cd isotopic ratios &('"*Cd"""®Cd) obtained for various internal calibration standards by different laboratories and

W IE T (Bl FA S ) BAM -1012 Cd Cd Miinster Alfa Cd Ziirich ~ MPI JMC Cd  Nancy Spex Cd pygins Sl
Ag-n (MC -ICP - MS) -10.8 £1.5 +46.5 +0.5 - - - [28]
SSB (MC - ICP - MS) - +44.3 +0.4 - - -0.5+1.2 [29]
Ag-n (MC-1ICP - MS) - +44.3 2.0 - - - [17]
DS (MC - ICP - MS) -12.4 1.1 +46.4 +1.2 0.0+0.5 - - [30]
Ag-n (MC -ICP - MS) -11.4 1.5 +46.0x1.5 - - - [30]

DS (TIMS) -12.3+0.3 +44.8 £0.2 - +2.2+0.2 0.0+0.4 [21,31]
SSB (MC - ICP - MS) -12.0x1.2 +45.9+1.2 - - +0.1+1.2 [32]
Ag-n (MC -ICP - MS) -13.7 2.5 +45.0+0.3 - - - [33]
DS (MC - ICP - MS) - - +0.5+0.4 +2.6+0.4 - [24]

T BIEARMERCN IMC Cd Minster, £1EJ71% : Ag - n 4 Ag SMik, SSB Jubnifl — #Eahik , DS MU REIE o A TIMS Jy e B B

3.3 EEDEFEAR I B RL

HARF R A 22 Bk . RIZ KPS
AT 2 0. 001 nmol/ L, i 75 1 ¥ FRI6 AL P 14
APy, B A T K 400 pg/g o PRI, 7
TAHI 5 ORI RE A o B0 4 E AT R AR (B0 ) 3
HUARRY YL N, DAARAS e tE o A &5 2R . AR AT,
lOGPd Xfrl()ﬁ Cd\lOS Pd XTJ_IOS Cd\llo Pd X‘j‘ llOCd\IIZ Sn Xj‘
llZCd\lBInXd,lB Cd\114 Sn XdJM Cd\llﬁ Sl’l X‘_J.llﬁ Cd %F
AR AR T, 0 Zn, Ga Ge S 0K 5 70T (X
R AOE R 2o Art T Ga™ ArT
"G Art Z 58 F DL K Ze Mo %5 I8 R Y LY
PZr0" Mo O SR B TR S R IR 3R A 4G
M Y. BTLL, S 1 DR 1R 3 20038 23 BT 9
KL, % FR AR A2t AT 0 B 5 ' SR A AL B

TET 5 W A R R T, 2000 R DL =A%
7Oy 5 W A T 3R A IR AR LR 5 LA

e ;03 B 5 & Ak B b CRIERE P B SR AR 2k [
PSR BT 2 QM A, TSGR AT T 90%

FR A 23 85 5 S 07k Je B 1SS i JZ i
i, B FORSLAR SR B B 2 1 Sc 4 A L i St
JEAYERERI N R—CH,N " (CH, ) 50 TEERIRA BTHR,
Cd .Cu.Fe Zn 3 TR U AR & FIEXS
R T RAESS TE B4 B B W M AE A4 g
b AR BTSSR iR 2 R RN ) R 2 e, ok
PEIE F IR MR BE K g 8 — e, IR By
S AERH ., Wombacher 25 Rl AG 1 — X8 T ft
JI§ 5 Eichrom TRU Spec BIF JIg #E47 70 85 5 & He 45
Yo FEMF AG 1 - X8 BRI ARET, 1 S5 FAS [ vk
JER AR VE I HEAR T R, B4 ] 0.5 mol/ L. fil§
fiz = 0. 1 mol/L Z IR IR A PRIEN TR Zn, i)5
HALANA 2 mol/L A RSN H) 28 5 W) 25 40 KAk A
o X — P PRARTG B FRUCEE W P AT A7 A A 7R 3 Sn,
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WA 75 ] Eichrom TRU Spec BUR 5 LA 3t — 25
ZF% Sn, Ripperger F Rehkﬁmperm] % [ K
BRI BEARAR LA B IR T R 2 A 00, % 13k Jr ik
AT T . HACP PO M AG 1 - X8 BRIk
N A #RAE )5 il g Eichrom TRU Spec BRI HE, 3%
— DGR S S B T AR T K P R T 6L 2R AR
Cloquet %' JF W S WU M AG — MP — 1 BRI
PR 08 5 W AR T AR . TEVR SR 0 ey T,
EG T 2RI A T, ASUfel A [ Aef B2 e 32 1 R iR
R BR 2 HABTTR LLARTH5R , R AR IR B AR LR 1 73 25
SESERER . Gao % fE Cloquet 2™ {5 3k
filt b, AHRIZEELT) AG — MP — IM BIREAR LKA [F]
B REME A ER BB — VIR JT R, 70 Bl BER ) Pb Al
Cd, S8 7 RERL  Ph 5 Cd AL R HERRIN & o 9K
SPINEL S 36t B S8 B BT 15 1 i ARG A i)
RO, A B - 58 e 1k A Y AR RO £
fdrEg TSR IR B AL Cd By I3k 51 99. 82%
SEAF I E TRR IR R TR
3.4 FRIRINLE D HTEOR B AR B B I

HLLE 20 {42 70 4E4X, Rosman Fil de Laeter' -
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Yo TIMS B30k i HL B RETT R (19 HE B ORI 43 52
1A AR P T1] ) J5 R ) AT, A4 0 a4 2R 1R 22
IR, Tk LA S5 R ARE o 11 % [ o7 2R 2L 8, — B2 PR Al
T TIMS FESR AR il i i o — ey i
FI'Cd =" Cd QORI , TIMS 0 A 5 1) )
FAWR G F R EBAE(LN 2 (eCd/amu, 207)
UEAER , Bl TIMS {3 RE 1) e 0 o i IS A8
A RREE SR FH TIMS S A 00 50 o 4 5% [7) o 2R 4
SRS T RLAFREE L, 40 Schmitt 255 g4 Cd
=" Cd Y RBURE B A5 FH TIMS 030 & A 4 [ 437
LRI, B TR R Y e R R A BOs i i
AL ER, kA 1 A B30I A 3R B 7 A= B Jo o 18 5
Wi AR T AE 4 1k b i B 0. 07 (eCd/
amu,20) , MC —1CP — MS (%t} B 22 Bhy =4 [
LR M R T T AR Z —. H HE TIMS, MC -
ICP - MS IR AV B 18, RO i 1 L Bk
R, R SCRA ARG S M A A BVRE 2 A e
MR GE , PRk 1 05 5O 1 ok 2% B R
J&, By Hrink ) JeL, A & D (73 MC - 1CP - MS
= el SR TN VA 0 A Tl R W o 3573
AT R 2 RS BE K £ 7E 0.2 ~ 0.3
(eCd/amu,20°) , %5 TIMS W] #2555 — P .

2 G T A% S A I E SR ) A R
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Table 2 Reproducibility of Cd isotope standard solutions

measured by various laboratories

BEE T % RGeS 20 (eCd/amu) SCHRSE IR
LS IRrS TIMS 8 ~16 [22,36]
6cd -Med TIMS <4 [36]
SSB MC - ICP - MS 1.0~1.5 [14]
Ag-,Sh-n  MC-ICP-MS 0.2~0.8 [19]
SSB MC - ICP - MS 0.1~0.5 [29]
g -1ed TIMS 2 [11]
Ag-n MC - ICP - MS 0.1~0.5 [17]
Ag-n MC - ICP - MS 0.4 [30]
ocq-1cd  MC-ICP-MS 0.2~0.3 [30]
SSB MC - ICP - MS 0.2~0.3 [32]
6 ¢cd - 1%¢cd TIMS 0.07 [31]
Ag-n MC - ICP - MS 0.2~0.8 [33]
Med-"¢cd MC-ICP-MS 0.2~0.3 [24]
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A Review of the Isotope System of Cadmium and Its Applications in
Geosciences and Environmental Sciences

WANG Dan-ni' , JIN Lan-lan', CHEN Bin®, XIE Xian-jun', HU Sheng-hong'"

(1. State Key Laboratory of Biogeology and Environmental Geology, China University of Geosciences ( Wuhan) ,
Wuhan 430074, China;

2. China National Environmental Monitoring Centre, Beijing 100012, China)

Abstract; Cadmium is a typical chalcophile element which occurs in various sulfide deposits. In the environmental
system, cadmium as the nutritional requirement is utilized for the growth of microorganisms, and its cycle is greatly
affected by the biological process. Several recent publications have shown that mass differences between Cd isotopes
result in isotopic fractionation during the evaporation/condensation processes, biological and inorganic processes.
These results demonstrate that Cd isotopes can be used as a tracer in geosciences and environmental sciences. The
Multiple Collector-Inductively Coupled Plasma-Mass Spectrometry ( MC-ICP-MS) has successfully been used for
high-precision measurements of cadmium isotopic compositions in the geological samples, which makes a rapid
advance in the geochemical research of the cadmium isotope. In this paper, based on current publications, a review
of the cadmium isotopic system is provided in detail, with emphasis on the geochemical behaviour of cadmium and
its isotope fractionation mechanism, the distribution characteristics in the natural reservoirs, its applications in the
geosciences and environmental sciences, and analytical techniques. The geochemical research of the cadmium
isotope is just in its infancy; conducting an investigation into the cadmium isotope fractionation mechanism, the
distribution characteristics in natural reservoirs and a unified cadmium isotope standard calibration system could
promote the application of the cadmium isotope in geosciences and environmental sciences.
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