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Abstract: With the revolutionary breakthrough of high-precision mass spectrometry represented by multiple-collector inductively
coupled plasma mass spectrometry(MC-ICP-MS), the research on stable isotopes has been developed by leaps and bounds. Heavy

metal stable isotopes have become an effective tool to trace the circulation of heavy metals in soils, showing great application
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potential in identifying pollution sources, analyzing key processes, and tracking environmental behaviors. Based on the basic
concept of isotopes, this paper systematically introduces the applications in using heavy metal stable isotopes to trace the source
and fate of heavy metals in the soil environment, the transport and transformation of heavy metals in soil-plant system, and the
environmental behaviors of metal nanoparticles. Processes influencing heavy metal stable isotope fractionation, such as redox,
precipitation, dissolution, adsorption and desorption, complexation reaction, and biological action, are further summarized.
Finally, the research outlook for the applications of tracing heavy metal environmental behavior by heavy metal stable isotopes is
proposed, which plays a significantly important role in the prevention, control, and remediation of metal contamination in soil.

Key words: Heavy metal stable isotope; Environmental processes; Soil-plant system; Metal nanoparticles; Isotope fractionation
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Fig. 1 Schematic diagram of heavy metal stable isotope to trace the environmental behavior of heavy metals in soils
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Fig. 2 Tracer of heavy metal transport and transformation process in soil-plant system
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& B FRACHUUTE 2 K A R R i, — IBDise
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CuS UIEE 5 & & “Cul™, FFELAMET Zn BB
YU vE L ISR IR A AE ,  RIDUTIE HH X 5 W 5
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Zn A A BB, #E— DA A R m Ak
UUTE AR B AR Y, SR KB, 4 Ja
I ULVE 1 8l ) 2 20 55 [ VRORE 1) - 43188 ] BB A7 AE
NI, B0 1203 V8 AU & SRR A &,
A AR AR R R i, AR DY BRI
Ve AR R WG 7 sh S E e L, T
§°°Fe IR Fe™ iz, Wi J A 2# & R = M f &
O DUVE A R A, 2RI WIE AR (FeS)
AT by & 4 Fe IR . BRBLILHITTTES
MR AR AU BRRER T iiEY | &R Ak
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SZLES Y, 2B LR, W RS A A AR AR N
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SR 48 A R 8 B2 45 BB 22 5 DL i
VRO S 4 ] o AR L B AR 2N TR, mT 40k &2 Ja ()
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e R Ao BAFEBENTE. &RA kR
Xt Cu (1) A9 IR BRE23 T2 1 ek Rl ¢ 5 0 L 4T o7 i 5
DO AR P IR SR, AT SR A R,z
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A) WU RN N R RS EY), AR Zn B
AR (HmEls W EE Cu BRME, X
JE RO R YR Cu (H,0) & AWt
TS MY, 28 pH AR ai LB R S Zn MRS
RS AR BOE &, B, R ) W Zn 2 [
MR, mEE R AR RS AR IS S mR0h
1 Zn** (H,0) ¢ I PUIRBLA, ff Zn-O S B4
SERETE SR, UL eR b Zn EFEM R, @
Yy A AL S 4 R W B RS TR R
SR ARAL, AT R B 4 R 7E - S A AL
il B A A T AL 2 AT
34 BHEE
AR Cu 3 UURY . WA
WEHRRG RN EZEWATES . W5 & IR TE R
KA EE CoEFEME, H pH X4 G R0
WM, &R 5EPUE REFI 4 A ROV T 300 [
PR A A2 RE RN, GRS
RMFESHBER 225 Fujil 2575 i % B 72 pR ELIE AN
PALEFBBE T ZnCly/ e BEAR 22 0 318 2 o TR 437
RZME A A e S IE . AR
AN o WA YA N AR BT T 99.6% L F 1Y
Cu ZUKABIEETY, FHEE “Cu, ZIMBEBLMK
JHFFEAE pH A 4.1~5.1 IH4R R 10T HLIR B fig
MR KA ELE “Cul”, Fujii F Albareédel”®@ 1t
S — PR R AT B BRI R % A Zn R, S
RIBRW %A Zn BFEINIER, MrERS S Zn 74

W[ 28 A1 pH Bl IE 0 T AR k. AEP R ER A 2'-
BAZRR (DMA) FILEMEMYE Zn %5
SRR Zn AR, B REE 5 %6 F0E % EUE
ST, AN, AR RS AR R R 4
e s & A IR N T [ S O R A T E A= U
W Cd MR ERY, ik, A PLRSE AR 4%
A IR T A ML PR E B R S E
B G RII¥ES
3.5 EWMER

W2 E &Rk S 5EYIRR £ E ariE 3T
IR R0, AR Bk 2 ER iR
W BRI . 28 RO SR BRI VA OG . LR G BLA B
98, EAEAEY . PRI AN Y A0 v A LR X
& JE W 1E AR LR RIS . = S5
Witz E g En, KRy IR SRR
IK# ( Oryza sativa ), T ( Lactuca sativa ) F4E 3
( Lycopersicon esculentum ) %t Zn FIWZ U5 5315 52 56
FW], MY AR 5w E R R, MAE
B Zn [0 R 2 %, LI ) b R
= R A R A S G2 3 NPE R (i o
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il SR I SRR AN, () w R R P
22 TG PH P TR A 22 IR A el Cu B2 (Rl
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FRAE, ©Cu 28402 1A I e B AR B,
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Table 1 Heavy metal isotope fractionation under different environmental processes

FE I I3 R S 451 PRI ERE S EZ PG
Main process Example Result of fractionation Reference
FIRT Cu™ B 5k Cu’ ) ) [56]
LR AMSEERERNME,
Fe’ @ ALIE W Fe* ) ) [57]
Oxidation-reduction Y TR
SEAbAg A i AR [58]
Cu F1 Zn Fy AP T i 78 [59-61]
VU GRS 0 4R B ) 2E DT vE T R [49]
N ZnCly. Zn (NO;) » & MZEHH" (ZnCO;) EipiE e = EE A S [63]
TUVE i
BaCl, 4 A, BaSO, ULTE [64]
Precipitation-dissolution
AgCl UUTETE Wit 72 [66]
VU7 Bk A U i AR ) ) [62]
o A 4 1 3¢
Fe’ A b ik S AL i vE [65]
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F b R PantiEn 278 3k
Main process Example Result of fractionation Reference
UUVE T i
Mg Z 55 -9 WI¥ il [67]
Precipitation-dissolution
&) A ALY R IR HE Cu (11) [69]
RISERIE pH T y-ALO; W ff Zn** [70]
W e _ RS 5 7 3 2
pH>6 T 4L J& JE R W B Zn®* [72]
Adsorption-desorption
Tk 3 3R TH % B Zn [73]
e I B Cu (I1) W B AR B R AR R 3 3R [71]
JEIEIRYS A Cu [74]
PR RIGHT B R T A LR G Cu HETrYEEERAAR [77]
MY R 2 - AE R (DMA) %4 Zn [79]
BUHE SEEELR B FEI Zn AU R SRR R [75]
Organic complexation BERY A Zn eseds G ERE AR
PR E Zn eoeds A iz m R [78]
GRS Zn SrBAERE pH i IE 1] 52 £k
TR A S Bk 24 Cd BT e R R R [21]
) B WA ERGZ,
AKFE . B AR S AR IR Zn . [80]
b b E R EALR
EH
PRI BRI RE AN Zn [32]
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22 [ PR A RN 22 G TR R Cu A WARE R R LR [77]
KEEHRIL Cu [56]

4 ML
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XY RIS PR, $2 T AR R .
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RG22 5400 5 B AR BN AR R 3 25, KA B T
4 Jm R [V AR A U W58 S5 0 .
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RRSEH Z e EE 4w e A Z s, X585
P ig AT K 45 o

(3) ¥h9E 4L 4 Jm feoE M R 5 .
H K 5 4 JE TC EZ G IR IEA 20 T T A B2 R SR A
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YRBUEY Z BRI 2w, D2 E 2 R msg
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R JmRYE, A B FE 4w T ES RN
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