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Chemical Speciation and Pollution Characteristics of Soil Pb in FengHuang Pb—Zn Mining Area
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Abstract: Soil pollution by total Pb was characterized in the mine tailings and surrounding soils of an old Fenghuang Pb—Zn mine. It is impor—
tant to characterize the partitioning of Pb behavior than studies of total concentrations, which provide limited information on the mobility and
bioavailability of the element. In the present study, soil samples(natural and arable lands) from the mining area were analyzed, determining
the chemical fractionation of Pb by the BCR protocol and the ICP-MS technique. It was found that most of the Pb in soils was associated with
residual faction, followed by organic—sulfide faction and Fe—Mn oxides faction, and acid—exchangeable faction is rather low. The average per—
centage of each Pb fraction extracted from the soils with respect to the corresponding total Pb content, in parentheses, followed the trend:

residual faction(44.0% )> organic—sulfide faction(29.3% ) = Fe—Mn oxides faction(24.3% )> acid—exchangeable faction(2.4% ). Soil physi—
co—chemical parameters were key factors affecting the presence of Pb fractions. Generally, Pb fraction concentrations were positively corre—

lated with the sand contents and soil pH values, which was presumably due to the basic anthropogenic input of Pb—containing materials and
their similarity to sand in physical characteristics. Meanwhile, a spatial variation in Pb fraction concentration in soils from the mining area has
been observed; the concentrations varied with soil samples from different land use type. The results indicated that the exogenous Pb input
caused by human activities had an important impact on the pollution characteristics of Pb in soils from the mining area.
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2 R LR BUE ST Pb (ML F BT X4, B
AP RPTT AR RGHZ R, BT
A FRRBO; AR A T 45 R 2 [E)3E LA LA, BR
PRARUEY) BT R ) T BCR =B SRR L™, ¥ 1
BRTIRP ) Pb X0 A ERALHA \Fe-Mn E ALY
ZEE AL G ENERES 4 RS AL
KT BCR A% B TR BTG SR (ICP-MS), 5%
0P R B X 3 P Pb (9TE A5 20 BL K35 b
ik, LABNIT R X3R5 {5 Q0 R i3S Rtk it
FE N IRA T S A SRR XU PR AT L K BRI A X
T BTIRER MR A

1 #BE57FE

DURVBGER B X O TAEIX , 3F ABE A X A6 7
124 40 km 2k (975 B4 B SRR X A%t BRIX. o XU
B I AL TR RUAE KA & , R TG A b o i i
BRMT IRZ — 0 R IFRERY 2 km?, MHA K
354 1,1 679 A ,2007 4E5 X A& P E A Ky 3 134
JG- 7, FEORFEARA MO, R A H ML AL
Ao F/INTRIAE 2 R BE B A6 B (AHARAE i (5] R
250~300 m) FEH X FIXTRE X 43 R 4R B AR 13 A
BHE LR (0~20 cm) . BB RAZ GIRAEE
BURE, BIVFE 25 m? XU, % 5 0R 48 3~5 i 4 TR
SJE M EAFER 1 kg B —MREEH . HRE
THERES 29y, HAPAX B R ERUBHE R,
5301 9.8 £, XERIX B4R HIEFBHE 58570
6.6 17, IR LLR IR RS R /A, bR P 4
S RANIE T, LR E T, RS SIBRERA A
TYIAR G BHAART , M4-IR S R B 100 g 735
BAEREEHL 408, 13 100 B B, B B4 E 74T
TrEAb 2

13 Pb #% BCR 1L X 53 AR H A . Fe-Mn AL
YGRS AI- S 6 S HBRES 4 FIEA R
B 1.000 g +3EFEGF 50 mL B0 F, AIA 25 mL
0.11 mol-L! BEFRVE W , (25+£0.5)CF#% %% 16 h,
F£3 000xg B0 S FE L, RIEW T Pb & & NBRAS
WA E & 7E_EIRFR B Y i A BT & BC I 5 0.5 mol -

L #hER £ 25 mL, (25+0.5)°C T #E% 16 h, 7E 3 000
gBOHTEL, BiFWH Pb & &K Fe-Mn ELY)
SEEDTE  BRELEHRBYTMA 10 mL 30%#9 H,0,
W, ERE 1h g, T(85£2)CKiriHiL 1
h, A 10 mL 30%[1) H,0, ¥ , T (85+2)C/K A
P REHEEWIET, BEEMA 25 mL 1.0
mol - L BRI, (25+0.5)°C T #E 16 h, 7E 3 000
g B LIITEL, BIERT Pb S ENEV-GiL &
&, TERFST Pb M ERERE EIR 3 BRI Pb
o, HEHR Pb FRESSE,

+3 5 Pb /b R BRI AR ICP-MS Wi €™, £ 7%
2% Pb B9 2 R ICP-MS ¥, FEAEATRES K ESR
P+ BERE i (GBWO7401 ) i#H47 iR & 4%l . Pb #9715
IR Ky 88%~107%, FHIAHXTIRZEH1.6%~8.2%
- BERAE R A I ) 3B AR ZH B A3 B SR R AT
W ; TIEA VLR HEE B A E L (IMNE ) ;
13 pH 0 2 R A HL A E v (R R 1:25)

BRI SE 1T 087K i Statistica 6.0(StatSoft, Inc.,
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RUBELEER™ X . XF B IX E AR 3 AHEE L3
Pb & &AM ¢ MIRLEIRII TR 1. 5X ML, 458
XL RE AR TR EHMELE, HPb SENE
ZwE, KBS X Pb B E T . S5XF A
He, 7 X AR EERHE 3 Pb A& &4 B
24 f5# 133 1%; S5WiEE4E 13 Pb F =1H 27.0
pg-g” M EH X A AR HIEABEE - Pb 9
B3I 5.9 45F 29.4 4%, RNt EB, 5 X
A B4R M, BFFE 3P Pb (9 B B3,
Hepg X#HELES Pb NS ENERTEN
5.0 %,

R TR A AR P A KB B R
W W EENRERETY) . BFFTRI xS fE &
BERYHREERHSA S TAELT R Pb, Rk

=1 BETXE5BXLTED P SE

Table 1 Differences in soil Pb concentrations between the Pb—Zn mining area and control area
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SERE R FEAEL SERE AR FEAEL 18 P
ARt (158+82)pg g 9 (64.9+11.0)pg g™ 6 273 0.016
e 1 (793+£508 ) g g™ 8 (59.6+:19.3)pg g™ 6 3.51 0.005
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AT ST B E L 5856 i A/ A S mse ZUmREA
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A, NISFBFRET XEHELED P SRR ES
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22 MBS RTERARAEES P WESE

KA BCR =4 E gk, F ICP-MS i & , 152 X
BEET X R AREAS P SR (E2), Bk
M5, G EY X+ 86f 2369 X 148, Pb ¥ LIGkE
AR E, BRI & A BRI E] A
] R 2 [ & TS Pb A EL RS (4rBLR
BHEE-EEAEELEENE ) AERRNESR.
YRR IX -3 Pb DIBRIES N F, 3 44.0%, H
WHEN-RAIEED (F3 & 29.3%) F1 Fe-Mn
ANMEE B (24.3%) , TIFRASHAS BT i ELBIRRAR , °F

BINTREBCN 2.4%, X HEIX -3 5RiE AR /2 Pb
M EEAEEA, P 48.6% ,Fe-Mn AWML S
AU RA V-GS A2 150 B R 5551 R26.4%
M 17.6% , BRZZHAS Pb R ELREHK 7.4%, K, B
MBI 4564 Pb, FRACHAS Pb M3 B R BEN
X AN X - I 2 B 2 R (P<0.05),
KIEA Pb 43 EL R B RBV/IMRIK R . FRIES>A
Ml-Fifb 45424 ~Fe-Mn B/ Y454 A>T A
("X 38 ) ; BB A >Fe-Mn B WSS >BHL-F
WS B BSTRAHAS (W BEIX -3

F3FNE T CERPA X TS BCR £IEE Pb
TRNEGE, T, RS E X LIPS IEAS Pb Y
ERYSEEBE . APFFE T BCR £ Pb 4B
] L[] B B Y 45 8 — 3G AR R B R i X 2
i), -3+ BCR £ Pb AT R BUELE K, B
K5 , T3 Pb AR E IRE S A Y-l s
AR/ RE Fe-Mn EMPEEBKRZ, BTHESEE
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Table 2 Pb concentrations t—test between two locations and two land types

" WoE X3, 2 R XA [R) - R 2 9
HETX X HRX ISP PHEL
FRACHAS g g™ 4.4£22 4.1£2.0 33+1.4 6.0£2.4
FRAC IS 4 B R A 2.4a 6.2b 2.7¢ 1.8¢
Fe-Mn &M 4555/ng g 105£156 17.0£7.7 49.3+39.4 188+234
Fe-Mn S L% S50 4B 25T 24.3a 26.4a 24.3¢ 24.2¢
BH-BiE S g g 115£135 11.1x4.4 5424325 206185
BRI ESHAELRE 29.3a 17.6b 30.8¢ 27.2¢
BRES/ng g 177£218 30.8+11.4 68.1+32.2 341286
Bt SIS R B 44.0a 48.6a 422¢ 46.8¢

(DA X SHRX DX A A T8 A KBHE DA O AR 510 17.12.9 F1 8; (2) BEKFH 0.05, R —F7E 78 aa
FRMORITLREZER a.b RAMWERIE BEZES; (3)BEKEN 0.05, A—FTHFE c.c RRHEALRBEZER ;o d RRHERE BEER

3 MR LEH BCR BES P FESIEFERIEMELEROLLE

Table 3 Comparison of each Pb fraction content in soil from the study area with other results reported in the recent literature

- AHBFFE Rodriguez 459 Kazi 5507 U [ S S P 22450
BREPER TRIGRAL  ppegy  Gxt#) (TSR FREH)  (DEKEH)  GRoL®)
FRACHAS GR/ng gt 44 — 2.64 4.15 - 0.18
BN Y 24 10.1 4 14.05 32.6 0.65
Fe-Mn &/t IS Siipg-g’ 105 — 16.0 341 — 2.63
BN EY 24.3 58.5 22 11.55 71 9.74
FH-BAMEAES Shipgg? 115 — 30.5 10.24 — 14.08
BN EY 29.3 4.6 42 34.68 24.2 52.21
BREAS Siingg? 177 — 23.36 11.73 — 11.34
N Y 44.0 26.8 32 39.72 35.6 37.40
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1K Rodriguez 2B FUHE ST 5 Pb—Zn H X -3
Pb L Fe-Mn H LW E D HRE (HEREN
58.5% ), YR AR B S BRI EA , A V- ik
ZEAZS Pb /b AT B Pb 9 4.6% , 3% AT BE 5% X
T AR AT N A RRE N 8 K,

BCR AR BN BR SIS Y T4 R L ERIK
A A RS RIRER A A A B, X e 43 5 +
PGS AR T AR, BE KT B3
PEAAERME , Fe-Mn @MW S TE RN SRR
MR AL A RS, TR R A TR B
BTSSR, PO OB 7 A LIS
A REN AR A E GBS FEE NS, R
AALEMT TR BB, Bl Fe-Mn AALYEAE
AN IS A X RIS AT B A e )
YR, FRES R REA SR AT Y E L,
AR, AT AR ES , MELARAE M ROBOR RS, B
TS P S BHAE LS, 480X 139 Fe-Mn
FNDEERTS P BT EZ Pb &I
BETFX X 5, AR EER 6.2 5 103 4%,
W X 3 A B 2 B YA S SR EY
AR Pb, BTFH X LIRS Pb (SR KR
e, RAEBRACHASM Fe-Mn A LY45 /7 Pb 4
X & BN, B E A4 B BT Y H i R R

R [R1 A X 438, R [R5 =X
+3E Pb MBS S EMEASEL. AR 2 ATUFH,
YRR X HHE LI P IR 7S Pb . Fe-Mn H ALY
A Pb AVL-B S G2 Pb FIFREAS Pb AY4EX)
SR¥IETHERALE, 278EHEK 1.8.3.8.3.81%
M50, B XMETEPEILA Pb SR A HFE:
JFaE, K, AR HEP IR #AS Pb . Fe-Mn %
WZEEZ Pb. BHL-BLYIEE RS Pb 4B RS

Yms s THHE L3, BES Pb (B R BRI KTt
fEL 3 A E TR EEES (P>0.05), Pt
R ETEA Pb /B RECENEAH R A A, Rk
/MR AR ESSE LT EE 6 ~Fe-Mn 4
W ZE SRS . T XBHE L Fe-Mn AL
WEEEA Pb M B LB ER , XA EAT, —H
IEFRJEZMT X H (g B KRS ) AT REAF

TEBIR ) Ph I FEfEE
23 A X TESF P WSS ER TIEEASHE
EI:ESER

REGED X HEPREA Pb HFEZAAEE
TIEVURAL AL . TRV pH Z AR FHC R BB
FH 4, HEITRL.-O+E P SRS SER
W B E IEAESE, SRR & B2 M, JFE A PR
Fr Ef pH {E A S 3G i ; @B B4 Pb (& BRI+
BEPb HFREBIEMX, H Fe-Mn EAYEEE
Pb. BHI-GiLPLEES Pb AskES Pb S ERE
Pb & BRI B EIFHR; @k Fe-Mn £k
ZAA Pb SRS EEH AR, HRET
A Pb By & EERERDRL & RIS NN, FEKSRL & &
BEHTREAG; @BRASHZS Pb il Fe-Mn EALPIEEE S
Pb [F] H A ML & 2 RIRIA T AR, WA
M-Bifb4s 672 Pb FRIEDS Pb S 2R LA PR
BB AIRIN I IEA M ; © - HERR B E &
B2 Pb & &, EHHK 349 pH YL A (pHS.15~
7.80), £ JE2 Pb 195 RbEE 3% pH AR SN,

—ARy, T Pb FMEITTRN S RE T E
RS BTG N, 3X 2 B TR AT DU E &M E T
R IE BRI, Wilcke SFPHFTAEH , & &
FEIEFTLRE LA, 5 R AR & B B 3 IE A E
SRR, FERIE T LR, HAhon R W] fEk

R4 TXITEPEUFRS P RESTRMBUISRENHEX R Y

Table 4 Correlation coefficients between Pb fraction and some physico—chemical parameters in soils from the mining area

pH EZCHS Pb Fe-Mn EALMIZ S Pb BAHL-HLYIZSS Pb FRES Pb

AL g A -0.02
by e —0.81%% —0.57*
AHLE 0.50* -0.05 -0.38
pH 0.70%*  0.15 -0.66**  0.57*
BRACHAS Pb -0.10 -040 038 -0.14 021
Fe-Mn €024 74Pb 051  -065* -008 -007 027
BEY-HEaA P 068% -047  -0.37 0.08 0.61*
% Pb 0.73%* -0.60* -034  0.06 0.8
& Pb 0.71%* -033  -0.39 027  0.56*

0.06

0.21 0.59

0.16 0.76** 0.96**

0.16 0.85%* 0.92%* 0.99%*

AR n=17,r=0.47,P<0.05;r=0.59, P<0.01. ** 1 * 53 FIF /R B E A< (P<0.01 ) Al B E A< (P<0.05)
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BTN R PRSP T s DR E SRR
SRMTWMEER, KIWH HES Pb FEEE S
BEHMEEEEREENMEX, SRS EERBE
IEAEE, FFIAh Pb FE AR F 25 R Bk
o2 RBENEET L EPEEMFERN S E
SR A JE R Sutherland F1 Tack® 5 250 & 1 : Oahu
SO X BRI R GTAR Y T Pb 328 B AR R R M A 3
43(500~1 000 wm )T HE4RVRLHR 73 (<63 wm ).,

ARGEREH, " X155 Pb L EAER
REMFEENEBEA LHS B S ERER
AR, MR 5 Rk & B2 B, XFTRES
X L Pb A TR KRIEA X, EAMIRR
B, % X 13 Pb FERIEF ANERMIMNERA
MG AR E Pb YR X 158 Pb 9 F 2 57
XL A R A A LY, B AR BOR A
BR MET R, #1335 DR TP B 7
TP AP T X LR B RZE 0~20 cm, FEXHE
B4, KRB IER AR AR K, X ] R
FEW XERZETEPb S ESMAEERMERHIE
H, ARF M5 Pb & B RERRL & &3 0
AR o

3 &g

(DR X+ 3 Pb ¥IIsRE S b E, H
KABI-RAE R, BRZHASH Fe-Mn & ALY
SABIE B, £ Pb MABLREURIK N
FRIEA (44.0% ) >H HL-Ti b4 & 48(29.3% ) ~Fe-
Mn E MGG (24.3% ) >BRACIAS (2.4%) » FXTHR
AHE, B X A YA 3 Pb & &3S, (B
S BEREONT S

()W X 13 5 Pb BB Pb & BAFEHE
Ryzs [\ 5 5, FEH L A FRRUR R, 9 XBHE 3
H L Pb DL R RAZ i 2% Pb Fe-Mn E AL Y4547 Pb,
BHL-Fifb Y4547 Pb MFRIES Pb M4 &Y
mTEARLE, 4578 ER 5.0.1.8.3.8.3.8 f5H
5.0 %

(3) A FAE FRANADRL Kb AL & B S
M X 5 Pb R, T X THELE Pb REED
Pb &R S5EMRL & R IEAX, SRR & & RAHR, HRE
13 pH FHE G0
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