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Fresh Insights into Source Identification of Multi-elements in Soil with Stable Pb Isotope: A

Case Study of Mining-affected Agricultural Land

WANG Liuwei', CHENG Min', DENG Qucheng?, HOU Renjie" *, HOU Deyi "

(1 School of Environment, Tsinghua University, Beijing 100084, China; 2 School of Politics and Public Administration,
Guangxi University for Nationalities, Nanning 530006, China; 3 School of Water Conservancy and Civil Engineering,
Northeast Agricultural University, Harbin 150030, China)

Abstract: In this study, an integrated approach for the source identification of multi-elements in soil was proposed. Stable Pb
isotopes, with the help of mineralogical approaches, have successfully been applied for the source identification of a multi-metal
contaminated agricultural soil in a typical mining district in Southwest China. Quantitative analysis of source contributions
revealed that the anthropogenic sources accounted for 61%—89% of soil metal accumulation. Stable isotope analysis indicated that
mining waste leaching and mining dust raising from the road both contribute to soil contamination, but the signals of these two
processes were overlapped, making it impossible to distinguish the contribution of each. Mineralogical analysis has therefore
been used to aid in source identification. Considering that concentrations of other metals correlate well with Pb, it is suggested
that the results from Pb isotope analysis could be further extrapolated to reveal the sources of other soil metals.

Key words: Soil contamination; Source apportionment; Stable isotope; Mineralogical analysis; Heavy metal
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Fig. 1 Surrounding environment of soil cores
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x1 TERAREIRESEMLSIT

Table 1 Descriptive statistics of heavy metals in surface agricultural soil samples

2R Cr Mn Ni Cu Zn As cd Sb Pb
K B (mg/kg) 2.23 0.51 0.48 1.24 0.53 0.25 0.03 0.47 4.9
JE HEBR (mg/kg) 7.36 1.68 1.58 4.09 1.77 0.81 0.09 1.55 16.2
1o T et B 85 85 85 85 85 85 82 75 85
e/ Mi (mg/kg) 80.2 204 30.8 17.2 161 81.1 0.29 12.2 98.9
K (mg/kg) 322 9501 93.8 768 7770 4442 75.0 2 867 2794
M (mg/kg) 190 2233 64.5 247 2058 1322 18.8 558 534
rp (37 $ (mg/kg) 191 1584 64.7 141 1550 802 12.4 475 430
FrifE 2 (mg/kg) 27.4 1747 10.7 223 1951 1273 19.8 527 451
T 5 R 0.14 0.78 0.17 0.90 0.95 0.96 1.06 0.94 0.84
FARE B LS (mg/kg) 76.6 1012 373 38.4 74.1 80.5 A 12.9 62.8
A% F ML 89 2 RS 97 66 {1 (me/kg) © 200 100 100 250 30 0.3 120

H: OGB15618—2018 ( LHEMBE i A& H ML 315 Y KIS0 ) Hh pH 6.5 ~ 7.5 TERI N R T (. 2221 pH M 6.67.

x2 NEHREZEAE

Table 2 Heavy metal concentrations in environmental samples

PRI HE S Cr Mn Ni Cu Zn As cd Sb Pb

WE(n=12) 78.1+£150 1157+£939 163+7.6 150+155 2295+1947 18165+18978 16.9+142 2639+ 18222016+ 1626
B (M=3) 71.3£27.9 1070200 17.2+32 142+45 1895+764 53335221 165+6.7 197 £ 50 331+ 180
EHL(M=4) 17.6+£2.6 388+242 281+1.76 154+16.4 108 +65 475+444 1.14+086 763+105 329+274

T (n=4) 5.12+3.47 8.68+11.5 1.80+1.26 - - 0.90 £1.13 - - 3.30 £ 0.94
JRR(n=3) 88.6+£74 1197709 429+3.0 822+106 18697+3053 25531277 18226 657+54  401+126
BAKn=3) 521+0.99 62.8+91.8 13.1+0.3 - 3246+414  969+153 182427 193£9  9.70+0.24
LHRIK (n=1) 5.31 - 1.13 - 7.97 0.36 - - 10.0

T R I EER R 22 s BOKAMLSROKE )R F A A pg/L, HALIREERE R AN me/kg; =" R RKH .

Mo AE—E R b R CR IS ok, B IR SR A
MBI Cr, NiZBR REERGE D, BXMAES 2.2 IMEHSBEAALERRE

J@ICER 25 6] 53 A S BRI THA TR 9728 = R TN R 5 HIEEE T RN
KT 0.75, BB FEAE IR T 5015 2Pb(**Pb/*”Pb = 1.163, *Pb/**Pb = 2.080), il
A3 123 [ AN E — 23 B i A TE YR E A T S A 2P

BEXT ISR/ NER BT S AR R AE RN L85, B8 5 2OPh(E] 3). 0 DXL AR FH M A 4R S A TR 67 3K L
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(K 2A #12D). /NEZ I E SR IEA TR, IF M 823 TANRIS U 5 XE RS 0
BEAB KRB HEARE . X —id R, WAHE S SR, RLIE 2°°Pb/""Pb (LK, i
J& BB L SR TS A I S BELA , 5l TRZ S RS 2OPo/ P ARRAUN, 5 RS AR A A
EOUOMEERTECY B) S REREE RS RO AR, e B U ST AE Ik 322
ARALFTECH F)M 2254, T 2PoUPb MR ISYIRE 3). BT, B EEG MRS A
HA ETHENE T X —d (K 2). HXMTAARMMR  rfES . BT AR S- A RN TR a4 b,
LR LK —FE B ST PoPb T JAIREERES, WIBH I NRIRAK | RTE L ILUR K
6 ETHAREDE A B3 (K 2B). EREERE, & FERIEYC T AR - ChIRIREL 1, 3l
F A ETE 20 ~ 30 em Ab2x B G Jm 5 B AU, KA A5 NI B i 1 XK A T5 5, mifdi 52
TEMAEZ AT G s & 5 LR WA R ZE M B5Yih R KA T, U I Z3 K2 I I
KRR AEMME R E SR S RA S RGRERNE R, Mol s M b &4 R . X1
AT R X AT R B A S SRS RIZ L AR, BEE RN, 2°Pb/Pb 2
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Fig. 2 Metal concentrations and Pb isotope signatures of four soil cores
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Fig. 5 Correlation analysis of soil metal concentrations

Oppy =0 X fi+0, % [, 3)
h+fa=1 4
s Sy 6 AR . ASRIE . Ah
PRI FUAE, 0 £ f 20000 HARIE . A CHIR Y
TOCIR AR RN A — AR
VEYIR, ALELE P R E ES Pb & EAEIEL
PEAFAHSE MR, XFAmESE, Pb [ E
fH5 Pb & i Z I JC WA KR (A 6), X

1.17f
. d .
LISE S L, T
. i . .
'§ * .” ’ . * )
U | e .
£ 1B M@s
= .
. . . o o
® . .
I.11F
.0 . e
o o°
1_09 1 1 1 1 ]
0.000  0.002 0.004 0.006 0.008
1/Pb

0.010

FF 5 DX 3 A 398 52 3 Z2 ANV TR TS LR A S, Tk E o
fRT BRI — TR R A T 15 GL U5 Y o Bt AT o

57 tiIRA AL, Isosource FEAIRENS LT
TG IR R R LUAE , 45 0 T A P AR TS G BTk
R AT RELLE (3R 3). Isosource FEHRIT1 A Ay 25 L1
XTI AR 5, HARIER TTERIL S 1% ~
39%. HTW . B RIIENFN RE S
HAZ, Jokild Isosource FAY X /X I MRS
YU DTk = I

220
217 ¢ y
® o ° ¢ ©
[ ] ° L]
2214 o o .
é\ _,0\.\.‘5:205
2 e ol .
= ont oLt . e N
° L] b .I °
2081 .
L]
205 1 1 1 1 1
0.000  0.002 0.004 0.006 0.008 0.010
1/Pb

Bl PbEE5PbRIEMBXRMEDIF

Fig. 6 Correlation analysis of soil Pb concentration and Pb isotope composition.
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Table 3  Pb isotope ratios and contribution rates of various sources
5 YL U5 TR (%)

i (n=12) 1.117£0.008 2.151+£0.019 0~ 89
DX #3240 (n=3)
AL Bl (n=8)
Hom EHE I Y4)(n=3) 1.163 £ 0.006 2.080 +0.011
SR (n=85)

ZOGPb/207Pb ZOSPb/ZOGPb

1.109 £0.006 2.171 £0.015 0~70
1.118 £0.014 2.151 £0.016 0~89
11 ~39
1.120 £ 0.026 2.134=0.038 -

BT VAR AR 120 AR A 2 4 s i
A5 EEIE I A TG YIRS A, e H Ik E] 61% ~
89%. TEWEZ N MR, R R . GHE A
PCRE 5 A HLALTE FHAR R IR A5 GL R, (H i T iX 2895
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