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ETHEMENFEZM XK SR E LIEHYERBKEE
KW, XHBM®, FER

(HTTTARMROR 2 WL AR 1375 e A WIB A i (5280 =, WiV A 311300)
THE: [ B6)] LB P) T EAE ST LS f BRI, KR Pb 77 4 RBATB 6 235 4, R L FRAMERT
HEERELER, [F&H] Ao BRI FRER, REAAETHR VG SRR LB EHE, NEAL
ROREAETMELSHK, 2T PO RAEoHRTNALLEFHEHNE, AR PORAEETEF LRI RRY
Pbis kR, FELESHFTERAMARGHBETR, [ER]FAEXLEPOAZHIREALEZRANETE, &
Bk E| LIEHFALGY 1518, FFREB @R 0B I MR AR, RN E B SNRIMAF R B, BAFR R Pb R
o B G, EPbPb AR AR, AFR R LIE A5 69 2°Pb/ P A22Pb/ A Pb 1A & AL TE B 5~ %152 1.176 3~1.186 7
F22.090 6~2.103 9, “Pb/2Pb A 84 TALE B A K SLAA A & - L3 Po A E S HrhMK, Pb R & -=~IEEM . BF
R A 3 692°Pb/Pb 3% LA A 1.196 0, A A R 492CPb/Pb 35 A A 1.1720, MMEZAFAK Pb i5 £ T BAAR, A
AR TR E Sy 38.8%~82.9%, [ L5t ] 1K °Pb/UPb AL A A MRBEXTBF R R 3R Pb 69N . BURL T 4 4 il 3 R R R BT 9 I
AN E, B, BIRHETEMHA T RRBE S Ph T ELEE, B3 A2 4S5
KEEE: 8 RiaE; AAR,; REHR
FENHES: S151 NHRFRERE: A NERS: 2095-0756(2023)05-1026-09

Estimation of Pb provenance contribution in basalt-developed soils in
Xinsheng Basin based on Pb isotope

SONG Yuhang, ZHI Yuyou, LI Jianwu

(Key Laboratory of Soil Contamination Bioremediation of Zhejiang Province, Zhejiang A&F University, Hangzhou

311300, Zhejiang, China)
Abstract: [Objective] Soil lead (Pb) pollution has serious ecological and health risks. This study tries to
explore the source of Pb pollution to prevent and control soil pollution and ensure the healthy and sustainable
development of soil resources. [Method] Taking Xinsheng Basin in Zhejiang Province as the research object,
soil and parent rock samples were collected from rural areas with less anthropogenic activities. The content of
trace elements in the study area was measured, and the changes in Pb content and its migration patterns in soil
were analyzed. Pb isotope tracer method was used to qualitatively analyze the Pb pollution sources in the study
area, and quantitatively analyze the contribution of Pb to the pollution sources in the study area. [Result] The
Pb content was significantly enriched in the topsoil layer, up to 1.5 times the soil background value, and
gradually decreased with the increase of the profile depth, indicating a significant impact of the exogenous input
near the surface layer. When the Pb content in the site was high, its **Pb/*"’Pb value was relatively low. The
variation ranges of *Pb/*"’Pb and ***Pb/*”Pb values in the soil samples were 1.176 3—1.186 7 and 2.090 6—
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2.103 9, respectively. The larger the variation range of *“Pb/*”’Pb value, the greater the impact of human
activities on soil Pb content. Pb isotope tracers indicated that the ***Pb/*”’Pb end member value of the parent
rock was 1.196 0, and the ***Pb/*"’Pb endmember value of anthropogenic source was 1.172 0. Coal burning was
the main anthropogenic source of Pb pollution in the study area, with a contribution rate of 38.8%—82.9% from
anthropogenic sources. [Conclusion] The low **Pb/*”’Pb value indicates the input of Pb from coal burning to
the study area, and particulate pollutants enter the soil surface through continuous deposition process. Therefore,
reducing the emission of particulate pollutants is an important way to reduce local Pb pollution. [Ch, 3 fig. 2 tab.
51 ref.]

Key words: lead; isotope; anthropogenic source; Xinsheng Basin

Bl E R DALy fe g & e, ol . Tk Msgis @il 5 A i sh S8 E S m A LI AR
FBEMHRENY, SEETERK., E4EAE LD AR R . A YRS SRR,
SEIEE TG YL B A A0 TS RHE S0, [T B A 2 A RSSO, e R A B YIEE R
PRNEEN, SESMEE T, RICUPRZEEE . BULRERERRZTI, P8 & AT (Pb) 7EJL
FIRNRBIG SN I RE MR E, 3 P RIFEA A SRRIEANER A . B SRATR T E AL
T RERT, AMERAMX B 2, FEAAFERAEL . RERAH BRI SR LR 5 RS
Tl HER

BT e IR T i G ) AR D5 B b5 G ) B AR A it - 8 o AR A AT B 6 G R R A
3T LA K is YR XS - T 4 S SOk T R R R R R TR 0 — R RO T, R
FEFENRE D BGEP, BAR A Ph AR FE R A"Pb. *Pb. *UPb FIP"Pb 4% 4 B, FRIEAESLIE AL
B AN 5230 T P R R R AL i & 22 55200, Mk, R Pb [RM 28 4R R RRAR 4 i IX 53 F 4K
TEAANERTA o EERISEPI R 7R RVT A PR R ZERIRDITRY T, W — IR X Pb [A]
M ZH AR, HARRIRE X 2Z (A4 3 B A8 Ak s X7 5500 X R VT = A N &5 a2 DiF ) Po [A]
MR, SRR LTI EEARZ N NIERE , Y FORIERE ; 28R xithEd )y
VR IRIX RSP Po [ R A RE D5 R W . IS e hr i TV B rT g 2 b o 4 L A B = vk 2R
JEARAF-HEPRIG TR EZA BRI, XA L X A B

WM C W] Pb 784 BRE FE N T5 G oA S S, (EHS JOoRIERIDESE Mok 583, T Po iz
JE [ 2 5L BT RE A% 0T 1= 35 vh P 15 Y o 5 B T YRR B AT E e B e A AR E AR HLIX T
SAEHAENRZRA LT HEPS, 7 A RRIEMANER AJLFEER T, MBS AXT 15 Pb 1 5Tk
RAFBIBA 2SS, B, 6l & B RA 75 G piG f it B A B2 ny 20 5 ORI A ERY . A9 L) ok
T ABFFERT S, A3 A AS [R5 1T LA S A EE i A V5 L U Y P [ 28 4 ARAIE , a8 s T A IR AT £
gerp Pb DTk, ST TR, IR Pb RIS R AR SCRMEFHR TR o Po V5 4RIE, LA E
AR - 4w TS B TR AR AR AR .

1 #RMEE T *
1.1 B3 X AR A0 R AT

HRZE M A T i ] AR WA 49 %00 o WA M A P e el AR Dy (it DL AL &, )R
WA AKX, EREW, FFHREN 16.5 C, F KRR 1500.0 mm, #VLET ZamEUR
BEA MK, Forb DUZR iR a2 s O SU 8 H A A i ARAL o 70 T IEME RS
Hazt 2 22 38 T 2R L ik a5 P oA X i rp e IO S iR g AR A, AU D N R I Bl R Bk Y 5
., PAHEE Bkl (SSCHlm, 29°16'27"N, 120°49'02"E), #E45 LA (GLS i, 29°28'57"N,
120°54'09"E) LA S e T i (PQ 11T, 29°34'47"N, 120°45'55"E) %5 3 AN RAE S A /R AT 42,
FA T B S Y O R X R, RERE 1m KL, JBRGEE, TR R AR N TR R
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1.2 SWAE

R A E T XUTE FEDE BT AL A SRIT, Bhih Bk G I RBRA AR . IR AR L ABR SR R o Xt
RS TS, A Biad 100 60, 100 A1 200 HJE G ; F@EZERILERETH G, HHEAFEARBL
P e BRI e, ELAR S A0 B L - 3R Ay S 08 = A k) JR 0 % A Finnigan Element
I 759 75 43 9 R P B & 55 B8 7 3% A (HR-ICP-MS) %€ , A& FRAK T 0.5x107°, A X b i 22 /N T
5% Sy MTTERE R 2E N AE G R R AL 5% [ 5 H A S 00 =5 58 il

Pb [AI Z I F 2 A e i . B alifbad A B IE 3 TR . OXTREM AT ST AL B, K
e A SRR TR, B S Ak sk =, M, SRR SR L, B TR AR
Hr, 7E 1800 °C 7K 0.5 he FREGT 200 H A H4E 0.25 g ZRIUE ZIEHIE, A 20 mL #Al4HR, 76
P Bk 1 h, HEEMA 30 mL EHRIRS 1 mL S5, A TEMNMNTEEM, FINA SmL sk, 7%
2] 250 mL AT, RS . QM EAUKEM O RIS 8aeE, HMEEN s 3~4 K, &
UK 2~3 uL R T M 4 0 N T A A R S A b X, 2R T IR L AR Sl IR AR T
It ORI A B RERE, T EA T ENRE R, S22 m bR, ZEAhR,
MIKE] 1000~2 000 C B, FHR2PPb ML T, FE/NOIRAIMBIZE Ay LAHRTE, BT iis 8] R s
5 B R FERR T, U TR FH 2 2 2 AR R B i, BRI U 1) 39 1 . Po (Al 2R I 7 v [
FRERR K250 Y T 5 E A S0 % 8 il SEIR AN AR A i 3 B A ST (TIMS) #h 35 [ [ 5¢An
HE S ARBFFERE (NISTO81) M 5E [K27Pb/2Pb FI2%*Pb/2°Pb {H 43 HIAHE R 0.914 7+0.008 4 F1 2.168 3+0.009 9.
1.3 gL E

AR 1 Po (W TR 5 bR . WF9T 0 R IWE R FRAEAS B BB T R W 46 % i &
SEUEN, TRARETRENS I, A RS RIS S TR A H P SR R
P& (Nb) 1Eh R i s/ N IT R, W AR AL e bRt R 276 A5 48 rh Pb Bi oy
BAstl, WIEAFIREE Pb ITE R (tpy ) TTRARWT

Cpb.i \ [ CNb,i

TPb,h:[(CPb,p)/(CNb,p)}_lo )

K (1) H: Cpoy WEHEE B HICE Po IR, Gy WA TIGE Po MFREL. Capp W HIHZE R
IR Nb BB 8L, Capp HEATPICER Nb AR 7340

DUK RS 388 Po stk B, JE TR 2R B AR SR - A PR JCRI AL oA
v /(1]

-3 H AR IE
RPb _RPb

T30 = 7o o B 2
SR N i SRS
RPb _RPb

= (2) %%%Aﬁﬁﬁi%$%%ﬁﬁﬁﬁw,@%\ﬁﬁﬁmgwﬁ%ﬁiﬁ\ﬁ%%ﬂkﬁ
TE2°PL/2Po {H,  H ARIE A IE A2 Pb/2"Pb B35 1.196 0 F1 1.172 0B,
KH ArcGIS. Excel. Origin ZE8AHATAHIE T . Geitodr . B AL FRAME RIS

2 &R

21 HRIIEFE

A5 DX T A AR BEAL MR o LR 1. BRI A b, itk 7.5YRS/6 [a] 7.5YR3/3 of E; t 1
GG Hh BRI AR AL R AR5 5 AR ZB WG N . BT X HERE A RER A L 59 ER T, pH N 5.59~6.65,
H. pH B #0 TH BE  H nii mAA Fhm, EORAEL S BRAE PQ BN AYIK 12, S RAE I BRAE SSC &I 3k 1
JZo TIEAMLEH 1.30~49.60 g-kg ', SSC. GLS. PQ #1554 37.10, 27.30, 49.60 g-kg',
/MBS 420, 130, 6.30 g-kg ', FRMEHIAE PQ FIT YR T2, fe/MA H BLAE GLS &1 19I5
+2, EHEAPUTEEA R AR R
22 PhETEHRHIEBE

AAFFEHNH BT R Nb Al Pb i /- 803 2, it AL (1) 15 P e R P IR RG] E 1. 4
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Table 1  Soil profile description and some basic physical and chemical properties
flIid] A R /em i pH FHUE/ (g kg™) £ | TS
0~10 7.5YR3/3 5.59 37.1 [EiE 2N Kt
10~25 7.5YR3/4 5.79 28.5 LERRIN iahsis
SSC FEE LTk 25~60 7.5YR4/4 6.11 13.8 EEERIN s
60~90 7.5YR4/A 6.18 42 etk Ja
90~120 7.5YR5/6 6.33 5.8 Hulk Ja
0~15 7.5YR3/4 5.79 27.3 LIRIN K
15~45 7.5YR4/4 6.42 49 LERRIN hiE
GLS BB EHEEAT IR ) L
45~75 7.5YR4/6 6.49 13 Yok s
75~110 7.5YR5/6 6.35 5.6 Huolk 7o
0~10 7.5YR3/4 6.49 49.6 FRER Kt
. 10~25 7.5YR4/4 6.28 20.2 EEERIN i
PQ U TR )
25~65 7.5YR4/6 6.65 6.3 CERZIN iy
65~120 7.5YR5/6 6.52 9.2 Huk Ja

Ty >0 B, FR Pb 15 HHE PR FRES IO R4, 4 1y, <O B, FE2% Pb 76 HHE AN FREE I %

WEFEEIE A B, e Pb R RS A th IER 1A,
FJZ T Pb TR R S Rk B A 15 R

REPR LB TR, TERLZEIET 0, BIREIX

®2 rTEHERSEANBERUCRLERFERRETERESH
Table 2 Isotopic ratios of soil samples to anthropogenic sources and trace element contents of samples
) B /em Nb/(mg-kg™) Pb/(mg-kg™) %Pb/*Pb *Pb/*’Pb

0~10 31.240.2 15.6+0.7 2.103 9+0.006 3 1.176 3+£0.003 4

10~25 30.6+0.1 10.6+0.6 2.094 1£0.003 9 1.183 2+0.004 8

SSC 25~60 23.44+0.1 3.940.5 2.093 9+0.004 6 1.185 5+0.003 9
60~90 18.9£0.1 43+0.4 2.100 0+0.003 5 1.185 7+0.002 4

90~120 21.440.1 3.240.2 2.099 1£0.004 2 1.184 9+0.005 3

0~15 47.2+0.3 22.4+0.7 2.101 5+0.006 2 1.179 5+0.004 9

15~45 40.0£0.2 10.8+0.5 2.102 3+0.005 7 1.184 8+0.003 3

GLS 45~75 37.60.1 3.9+0.3 2.099 9+0.005 2 1.185 9+0.006 1
75~110 37.1£0.1 5.0+0.2 2.100 7+0.004 8 1.186 5+0.003 2

0~10 42.3+0.2 17.3£0.6 2.099 1£0.005 4 1.176 1£0.004 6

10~25 40.2+0.1 7.3£0.5 2.101 0+0.005 8 1.179 4+0.003 6

FQ 25~65 38.9+0.1 6.3£0.2 2.100 9+0.004 1 1.179 2+0.005 2
65~120 36.6+0.1 9.9+0.1 2.090 6+0.002 9 1.186 7+0.004 5

FEHERTY) - 20.0+0.1 3.9£0.1 2.082 0+0.003 1 1.196 0+£0.001 5
NI - - - 2.112 0£0.048 4 1.172 0£0.031 0

Uil BRI, A IR IR T SCRR(38, 40-42].

2.3 tiEdh Pb R EARIFE

WFSE X 3 RE 5 192°°Pb/2"Pb FIPPb/2%Ph UL 2% 2, 2°°Pb/*Pb (ZAEALILH N 1.176 1~1.186 7. AHF
FE B A 2Ph/ A Pb HAIMH K 1.196 0, AN IE2Pb/”Pb K 1.172 0. BFZTHIE A KM _E2°Pb/7Pb (R 44 &2 i
WA, 2 RYMRPo AP (BRI AN IRIME, BEAE SR B RN W, IS B2 BRI AR
B BFFT X HERE L B2 PP A 2.090 6~2.103 9,  HLAE 5 7°5Pb/ 2P (B 28 AL VI I 7 F SR UE AT AN

PIx 2 ol 2 [\ (K 2).
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Figure 1  Mobility of Pb in soil from different profiles Figure 2 Pb isotopic composition of soil and environmental samples
3 R

3.1 Pb FELERHITBFE

FITH 390 pH Bl 1 2 TR BRI S B0 R BRIt gy, 22 pH 8K, MK 2 L Pb i 5K
i, AL E B R, BYURSASESE AW WNESEES, —SH., —NH, 557
JEARER 5 LAY P B U E 48 G, FEK Pb 76 13 AR B 7™, Pb Tt 7 BBt & 1)
T VAR 10 1o 348 A R S T /N A, D RH MR A 38262 P B SRR . ZHAO 4594 il FANG 45
KT B2 IR B AR A Mkt 3 A 4 i S B AR PR R TR S i, S5 R . 4 pH 5 P i
SPECR GG, HHEAVLS Pb i BUR IEADE . AHFSE o R HERI T pH AR L 322 TR 2
MRS EEFREZ, MSHEFEAERN, 5P REE i, HHEEmM, Hit Pb 71
REMTBREK . BEEFIRE G, pH S EHEE R TP AEN KB E SRS T L
HABETEERN . BEE pH 2k TRE, Pb e IR REREE W N %, A HUTO 48 BEAT )
MEVERT, TRIRSt T e b E 48 o 2M0E PL Ve FRE s W SR Ak RE i, 4 3 vl R M S5 Bt ML o 1 4
B FbEmiig e, Wik, ta B GLS. PQ HIh K + 2 i A L B B0 B T E— 2 T ol
AL, BRAMERI SN, B & e m e A — e A ML .
3.2 tiEd Pb R R AR A RFES T

W9 X+ 3ERE i Po [R)40 2 4 RCRRAE AR A BRI 7E A SR VE A R IR 2R X 22 1) (B 2), RIAHZEH
SRUGFI AU Pb S AR IEEI 52, 22007 BFoy 60 . Z bR UM, #F98 XA TR E2OR A T
Jreg A, b E A+ S R TR E A AU X . A EEIAR s RS XK R
2°Po/ 2P ISP IS TP Po [ ZRAFAEARL, I SR TV PbAPb Oy 1.187 1~1.204 6, H4{H
H1.196 0, 5WF5E X BEEPo TP 43T . - HEFE S0P/ P 7E 3T Hh 2R T AR A R IR 1 oT
B, VLB RIS ShX T b Po A o B S TR AN B i, °Pb/ 2P BT H AR oMl 1A
TR R RS K B R

ARSI S5 5e b3 T V0 Po R R AR 5 0F5C X R 2R W Al S A BL, LSS s i 3 1 Vb i
25pb/2Pb B ST X IMAF ) BEA2Po/Pb ¥ — 3, P KRR SREA1E R HARIE. A MR E:
BALFRIRIMIAARE . ST IR TRR L IR R AR “ =R (ROK . RRRERE ). BAPLLRA
HHER RSP, Hrh R P Pb 2 1.165 2~1.166 1, ®Pb/*Pb 2 2.104 0~2.105 0™, i T-HFSE XL &5
W5 Tk X8, PR AR FE AR . K4 RS Pb/Pb iy 1.150 3~1.162 1, **Pb/**Pb iy
2.105 9~2.114 811, HUANG & Ze Xt i 20 A 1 L3 575 Qe iR g prad AR b R B GBIk . BIRE 3
Y. B AHLIEAELE) 2°Pb/7Pb, *Pb/"Pb fF 7/ H W55 EE, SHETAYA 5 W& . R4 Pb [l
FEW Iz W HFIE R AT, AR EE RIENE S ES R BRI, (GE P [ E
OYMTTCNE 2 FI5 YRR X 0y o 25 %2 S 1S Xk ms v T2 B P A A P 18 o 4 T (R R AR ST B . 14 P
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A AR BT A3 B L X B B R B T R AR B B RIS XA T B A TR S R IX B, ACiH
WA mAR/ N, JEE A 21 Dok, hESmEEITRIm IS, HILRFEHERR TRE R SE A X
OES YNGR

rERE R DL e A LT, KBRS R B AE PR . IR AT RN S, A7
TR 2001—2005 4F, H ERRGERE B A KA P HERC R RAVE LT 1900 t, IR RN 14.5%%, 1E
R4 ZE, ok A R A EEHLIX 18 25 A2 KBl s e R i il n A% 3G, TRt Bt L s iy by T 42
F o X LEHL X[ Pb HEBCIBE PG AC T2 XDTRAERE ST X, PR BRI AF 5 IX P V5 e EZOR IR . o A
RHIPb/2Pb g 1.141 0~1.177 0, % Pb/**Pb 7 2.068 8~2.160 45, H: A FEHF 5 X fi it (K 240880 W VT
B RER, % Hh - ERE 5 A 2PbAPb N 1.164 0~1.274 0, J{E N 1.172 0, 2°Pb/Pb Jy 1.936 0~
2.114 0P ¥{H Ry 2.112 0o #£ HARIEFIA K IE 9 X oo sg T, BF 5% X0 3986 5 19 °Pb/'Pb
1.176 3~1.186 7 1 2.090 6~2.103 9(& 2). SSC. GLS il PQ iX 3 /4~ 1fii £ 45 1 2°°Pb/*"Pb #41{E 4 1.196 0,
*Pb/Pb Sy 2.082 0, [AIH, HIEREM FPIRPb P R W] T RABEXT ST IX S Pb A ALY,

g LAk, XF Po [ Z AR A T M 0T e, B BRI A5 X A S AR
33 AAEXHIENYRERBRGEE

ARG M A T B IR £ R IX, ARXT T TR/ %
VRS AR F R LB e P o @ " 07
A, MR P A B AR B RN
FNRKIESG , AR IR B PbPbR 1.172 0,
AL (2) 155 3 A FTH 9 IR ST (8] 3). 40 1

20

T 3 AT, SSC R A U5 5 1kl 42.9%~ 2wl

82.1%, GLS #1H B9 A H J5 5T RR 28 39.6%~68.8%, X

PQ I 19\ H U T TE 38.89%~82.9%. HIH AT T

i F L A R P ) TR E W A, B 100 | o ssC
AR R I FRIZ £, B4 FORIRA9 Pb ol o

TERIE LB IR BIGA , BA  TEE  /R H
i, A TR AT
4 Zi

A EE + Po Frhb M BCR s, FT RIS, AR S 0 1.5 1%, 3 H I
LT R Pb W] A, B R B Pb B9, 75 RS Pb TR AR BRI A AR
P . 2Pb/27Ph {5 [ 75 A3 R R 1 75 AN B A 48 P TR B A B IR 2 P TR A i kR
i HOUE R PO P (AR R, PRI, SRR RTFE X Pb 15 5 3 . RS X R I8 Pb %
I B A E 82.9% , F2 T HRARAL D - h A i A Pb A
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