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Applications of lead-cadmium-zinc-mercury stable isotopes in
source identification of heavy metal pollutions

YAN Ying ZHANG Xiaowen GUO Boli™*
(Institute of Food Science and Technology CAAS/Key Laboratory of Agro=Products Processing, Ministry of Agriculture, Beijing, 100193, China)

Abstract; Heavy metal stable isotope traceability was increasingly applied based on the improvement
of sample pretreatment and measuring ‘technique of heavy metal stable isotopes. This review
scientifically summaries the tracing principle and advantages of Pb, Cd, Zn and Hg stable isotopic
fingerprinting and its applications in qualitative and quantitative analysis of heavy metal pollution
sources. Besides, the focal point.and direction was proposed to provide theoretical and technical
reference for the pollution source identification of heavy metals in farmland and crops and promote
the measurement of preventing and controlling the heavy metal pollution for ensuring human health.
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Seor B PR R TR BT VR TR RS S 58, LA KB S BOR T Be i B i, R AR E TR 3R 4
BUAPHTIEA T I 4 TS YR AR AT ST 5 N H 25 32 B 9 O£ 522 3 1 DR L H iR R )32 3 R AL
TEAETE & JE 15 Y YR AT 7 T AR 9E 2 T AE Pb (Cd \Zn Hg % 5 TG sh % UIAHOC I E 4R T R L.
ARSCH R 3T 1 1 A Sh 25 IR R 3R AR SRR AT T i 1 Qe A (9 S AR U8 (04 w5 ik
J BB AUTIESE , BN I DR AR R i e R iR g 2.

1 BERMNEZRYUSMEELRETRIEMB NP E KR E (Basic principles of stable isotope
fingerprinting in source apportionment of heavy metals)

)2 2R A B RO TR, RO [R] 703 A3 o i ) — 7 B A — AR TR 3K TR
AN Tl 45 A Ao [7) 57 2R R B HE AN (] 14 Joi NP B o, 3 7 22 S e vl S 3RS ) 67 3 1) 0 A 0, o e )
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2 BERMZRIEBYASNEEERESFIRBH P AME ( Advantages of stable isotope fingerprinting in
source apportionment of heavy metals)
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T (A7 246 00 BT A6 15 YR f b L v A W R (1) SRR >, 0 BrRs ff 5 o, XI5 e
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] RERMERIASMEESRETRIERT PA R I K (Recent development of stable isotope
fingerprinting in source apportionment of heavy metals)
3.1 FUERIGIERIGLU TR TR
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Table 1 Comparative analysis of receptor models based on element fingerprinting and multivariate statistical

Jrik S P 2 R %k
Methods Applicability and advantages Limitations References
BT AT 5 ey & SR 2 W 505 37 L L 5 0 I
5 s 4B o SRR A T B LR AT R B ELA S T T, T SRR S [ 10-11]
R TSR R A R DR
Wi T O RIS SRR BT e X )
BT SR AT B A e ey IRTCURRRIR AR g
L T2 3 A
5%, i A
ERAM TS0 KK, R R, R R R i GO -
P13 ST B JHE T RO R AR g
R RS B, TR, R o
. \ ERMBR S, : e AT S P
i S SRR TR R 2 th L, A T
AR T A ggmﬁﬁxm$4 s o R B (4, 15]
BRI 2y D HE ARV R 2 WA g S 5095 e a2
ot B P 3% BRI BT WD L AT BN P gy ki vt ORI [1617]
: K5 R P T B A, iy ) SRR AT R
ROy, TR 22
JE AT
) A R e B D 75 B 0 9
an =NANE > -
ﬁgﬁ%ﬁﬁ BRI g R T U R AT R B XPR S RO AR R [18-19]
i
S TS B LA R A
UNMIX SRR LS TR 48 G (R AR S R A 120]

A

WEA 8 MR R 12 Cd ™ Cd " Cd " Cd [ "PCd P ed M ed O Cd HR AR 1.25% |
0.89% .12.49% .12.80% .24.13% 12.22% 28.73%H1 7.49%. H #ij [l bx 2% FH"°Cd ' Cd sk K AE 47 [H)
PLR ARSI AL TN 80 0 Wb S b ) AEXEHTF R B HR 5 B A4S K i SR bl 4k
JHCEN PR EE 5 70 L E L BIURE | TR A 2 A U A TR O X R N Yt R I PR RN S fk
R R | ek 25 18 ey 8 O B 45 8 [ 7 3R WAL BT VA AN LAk, L) R i 45 1Y & g, Cd Al 2R A
ST PR 5 Y PR R ) FEAN ) 5 5 YR IR A B O TS N Y, B AR GF T 5 1.

BEAZn(48.6%) *“Zn(27.9%) “Zn(4.1%) *7Zn(18.8%) .Zn(0.6% )5 FifaE FAL K , 1 T H K
S zn FRE R, BT ATESEAT Zn R [ 2R 43 B v i R HA 3 Rh R0 26 5 Zn 19 FUE 1T 43
B YRR RS T R B A PR S N TS SRR PR R AR R SR T BRI A
AR ZGACIE 7R 20 R RN 46 R S 4 75 7K B 7K S HE b A Ry RS R N R T R A R BRI A IR ALY A
1999 48 YCHRGE 1 ks BE B R 2 MR A5 R | B[R R AR N ARAR G e e [ R AR IR BE R BRI 9T Oy
T FF AR R AP & R B

RAEA SR B AE 7 FhRR o WA &, P ¥ 3 B 48 5 " He (0. 15%) . Hg (9. 97%) |
"Hg(16.87%) *Hg(23.10%) ™ Hg(13.18%) **Hg(29.86% ) 1™ Hg(6.87% ) JABEHE T 4 & 16 44
T T V5 K I AT AR A E AR A SR AR R R B AT AR S AR 48 (MDF) |, 43
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— 5 B
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SR E AT, WA B S AT R R TR AR, 32 B R IR A2 R A [l 2 LU (B 6 2R 5 Rl 38 o i
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BLRAEZFIIRTEA T T 0 f IR AT
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RILRR IR P He B2k A F 1dvija 19 Heg &7, R 8] 500 2o0iRGHUER] TR A 1drija HiX 1)
Hg £ Soca/Tsonzo T F1 HLAE 37 45 725 U356 A9 5K 1 o5 909% LA L ; 77 HELHE ST 4 125 1 35 s IX BT o7 L 31 240
40%—50% ") | S Be Sk FE I T FH R R Al 2 U (AN T 3R T A B I 25 5 /8 1 AR R G0 R Rk
TR YIS0 T Y. Chen SERIFSY T 1% [ 26 9 0] 8 V7 0L (o le] v 22 A8 Ak, i Bh oA R 30 e B 2
YRS YRR T0% 2 N AR, SEBE T M 20,420 A R0 ) A ) 437 25 o /K (R i 4 i e e DGR e A 1)
FE T

FEARAEY) S Y UG EMT 7T, Zhao S5 553043 W/ M & B/ INZZ FE R0 [0 R FRIE A 5 KA R 4
[0 ZARRIE (A 4, 1 S5 82 B R AR B R 1 25 57 5 8 B e iR G BB A by Hh R 2
HEZ X /N RE S Y TTRR R 1 90%—99% I 19%—10% , FE W RS A2 S /N A2 b 40 1 e T2 8
SRIR IS TR AT R 2 HABAE DR N XA AEY TS Y i 5 R IR ARAT . Liu 257 1 KA
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FH B0 445 D00 R [ ZEHG S04, & b AT U H RS 3 R VW AT 5 YR U5 A BT 1 T A 742
3.4 ZIRM R ERE T B0 M e 5 42 JE 5 Y IR A AT TP AT ST SR
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KT —E MR B [R]s, 2ER) B — A R R AT IR A AT s, 20 ) TR s — e B IR, 45 /el
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4R Y A ARG AR, 4 1R 34 AE(E 2 BA D7 s ) M HE RS 5 ZE A AR R 5 B )67 2 FRAF (B
T Tl R AHERL  JCAE AT S i AR b 2 2 v 4 a8 B VR SK T Wen S50 %8 T 4 TRAYRER J& i1 75
PeRE 5 A AT Cd Ph [F07 R AR R G ARIF 45 oK I8 B 15 Yok IR, 45 %
W, HHE AR BYAY TS Y Rt TR B CRAT VRS MR ) 3 AR P B R 3R DR A Huang 45
iz IR R HAE 34T (Hg F1 Pb R R ) (GIS M Z e Ge it 40 = Fh 7 ik IF e T IRk i gl + 3 4
JEIGSEHT TAE 9725 R R R 2R E A G 3R B P 0 45 0 5K 5 YL U8, T )5 ) Tsosource R4 2 fiff BT
NFPATREVR A BTER R, BRUESE 1 3 Ry i R A E A A AT (9 A %5k Lin S8R Ph  Sr [A) 47 % HUAE
XA LT3R 2 DU b 4 SR R IR A TR B, DR RNV A R S B A BB I 7 28 4 A 285 SR Sl
JURTLERIZ DU i 5 R AR IR T BE B A kL RGN Ph-Zn & DUAR, = JUA AL+ 58 BT Bk 2 430l
34.4% 34.0% 1 31.6% ; FRIRI 7 32 7R B3 45 SR F WIRE il v BECRUE A SR A H SRR, — oA T HIA STk o3
B 48.1%F1 51.9% ; By ERIRI ZBRA 7 B 5 & LR IS N BE B A4 B Pb-Zn 87 TT R Al 1 U ( Q45
F6) 1 I SLBL T Y S/ %S HU A S AT IR ZE 15 FH TS YL TR A s i AR 8 M T 20 TR A Ph
Sr [ ZHEATIRMATRFGE A T JCHMEZS1E . Ph . Cd Zn  Hg BA—F Z R 2 H5 803 B B X 4 Fgs
SRR 2.

# 2 Pb.Cd.Zn Hg B—FZLHhE N Z 52000 Hrhi FH
Table 2 Pb Cd.Zn Hg Single and multiple isotope fingerprinting applications

[EIvELES TSRO IS R

Isotope species Application objects Application characteristics
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- Wy, AL ] [5) (37 38 70 18 RIS I 757V RO R, AL A g A

P — o L TR B HICH AT TR AR
i o R PRI ARG T fatckeon ez, W2 T a8 L - R S R

1R
R FEBE AR
Hg [ PRLTURYY S0 DTG S S SO TR g g L OB RN BTG B

KRG

: g e A e L 4 e I 1
SRMER IR X L R R KT RN F GBI FGEARIGE , HAL R AT SR AL

hEZ

4 SEMRERSHE (Focal point and direction of future research)

T R RGBT E R B R © o F T 5 4 5 L IR A AT AR SR A7 A 45 N [ [R) 4 25 4
ST IR BE AN — L U5 A7 %o G2 B — 4 () . AR T 9 40 R LA R L 1
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