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Comprehensive Study of Lead Speciation and Its Bioavailability in Soils 'Fi'om a
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Abstract Leadl specles ‘significantly influéncesiis mobﬂlty and bioavailability. In/ thls study, improved BCR procedure laboratoryj
culture, ldbOI‘dtOI'y micro X-ray fluorescente (u-XRF) , andiSynchrotron radiation X- raf‘ dbeI’pthn near-edge structure (XANES) were
used_to inyestifate the distribution, speciation and bioavailability of Pb in soils front a Ph/zinc (Zn) mining area contaminated with
heavy metals. The résilts showed that @ Ph was mainly distributed in the reducible [ which binds| to oxides of iron (Fe) and
mang';nese (Mn) ], acid seluble, residual, and 0x1d1zable fIdCtl()pS 2 Pb content in plant tissues correlated with acid-soluble Pb
content in soil, @ w-XRF results indicated*that Pb was: dlSﬁ"‘i}uth heterogeneously, and correlated with the hot spot with high
concentration of Mn.”In some area, Pb also correlated with Fe, and @ Pb was predominantly present as Pb-goethite (41%-46% ),
Pb, (PQ,),(36%-55% ), and Pb-MnO, (3% -24% ) in soil samples. The results of this study showed that oxides of Fe and Mn, and
Pb, (PO, ) ,precipitate mainly comprise the pool of Pb in soils.

Key words:lead; speciation; bioavailability; sequential extraction; micro X-ray fluorescence ( -XRF); X-ray absorption near-edge
structure ( XANES)
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(WD-ED-XRF, PANalytical ZETIUM) , p-XRF( 525
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ATAL R AR R R el SEEe
TN R BT K (18 MQ-cm) , FF 8% IML7E {4 7
HIIH 10% HNO, 12324 h, FiH IR LB FKIE
Ve T FIES I bsfEY Bih 21 F,
# PhO. PhO,. Pb,0,. PbSO,. Pb ( CH,CO0), -
3H,0. (C,, H;; COO),Pb (B Ji§ FR #%) . PbCO, .,
2PbCO,-Pb(OH), . Pb(SC,, Hy, ), ( 17~ ke He 5 B
H5) . Ph(NO;),. Ph(OH), . PbCl, K43l 7],

PbS N H ¥k K, Pb, (PO,),. Pb, (PO,),Cl,
aFe,0,-Pb(#5-FREkH™) . MnO,-Pb (#t-45 EL9) |
Pb-goethithe ( #}-£14k#") . Pb-HA (#}-JE5EFR ) . Pb-
citric ( #5- F%E&)f%?’/\gAbﬁ O E Al
1.2 SEE A

FHERES T BICR A = AR R KT
4 LPL(EYBEE] FiiF) . LP2, LP3(EH T ), =
B AR IX A T 398 MNT . MN2 (75 3#E1X) . MN4
(L) AR T -4 MN3 (75 7K 1 71 18 4 ) F1 MN5S
(BH ), Bat s X 3+ NJ1, NJ2,
NJ3. FENCRH 0 ~20 em £Z 13 @ TERE,
JekiEE 10 H, BIERE. BU150 g 10 H - Hekie
F£200 H. b HESE)E 82 H WD/ED-XRF
F1ICP-OES WA 5 i 47 40 M, AR MR FE Cd FE R
JH ICP-MS 43 #7. WD/ED-XRF: #} HL 7.000 g 5
1.575 ¢ A1 8590 20 Jk o E A2 36 mm AT, DU
GBWO07425 . GBWO7405 Fl GBWO7406 Wi | Ph.
ZmA&CmC$Mn%ﬁ%@$@ﬁﬂi44
11.7,1.4,3.0,0.15 /7.5 mg-kg™' J’;ﬂﬁ&,ﬂ%ﬁ‘ cd
Sb, TR Jy 87-04% % 108%. TCP-AES; ARt
0. 100 0 g -HEHE 5 2 U AR 24 HI AT, Jp3 L,
HNO, , 2 mil, HOF. 5 ml. 1 ml HCIO, TR
ABHI L+ Tk U mL S A, MR LoLE
E Y ‘f/ﬁ Yy R GBWO7425 . CBWO07405 |
GBWO7406 R GBWO7163 7 it W 4, b’ Zn,
~As, Cu, Cd, Mn AYRESAET BRSM 5100 3. 36, 6. 64
4.05.1.54,1.12,0.94 mg-kg ™", BB EH Cd 4,
JCEMBCRIEF N 87.84% ~109% . Cd &2 # K
FEah MN4 | NJ1 | NJ2 R URR %, Mkl L 1CP-
MS W %2, Cd )RR &R 1 BR S 0.03 mgekg!,
GBW07405 1 Cd A 131% . HIEPETEER
Pkt BCR 4307, BCR ¥ 3800 HR A (F1,
FFKIES | BT RS MBRE S E8) . il
JEA&(F2, SRR EE WA RD) . MRS (F3,
AP ABRAL S G ) MGk (F4, fERRER &
M s A5) 1, BRIUAY b T WOR B S ) TCP-

MS BEAT I 52, HE TR 25 10 I o2 18 7 T 25 A o ) I
GBWO07436 F1 GBWO07438 45 & FrifEAE B AT T

Bl , AR BT 4 I3k 88. 84% ~115.28%.
FESLIR =N TR N R F% B oK, ST RR
. BU10 H 48300 ¢ TERIEN, 430l FhFb i
(B RT AN, BRI wfh 6 A, By HIE
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KT 44 5K TR 50% , 16 d JE Wk, SR



8

INGEHE S . AT w-XRF FI XANES BF5EHVERRT IX L e 2 SO AE WA 5ok

3837

TR, Kapr R, fE25 BE2EAF X 4 &
Ay, Ve ML R E 74 wm. FREBURL 4 41 40
0.5000 g T-5R VU & M 2% B e N, ImA 5 mL
HNO, #11 mL H,0,, & BHMAEZET, HIMAS
mL HNO, 12 mL H,0,185 5 150°C % EHM# 5 h,
FEASIEHRE, ICP-MS 2 542 J8 & i, Pb MMM K
WA 0.27 mg-kg™", LA GBWI10010 F GBW10020
AT BT, GRS 5R 125% Fil 104% .

Fr AR 2E T R R R 3 AN AT, A
3 ARG S FRIBRAE ) BT AT o AR, AR E)
(A0 2 (L2 265 78 (B IR 25T TRl 2 A

SR FH S 56 3 AH R 0 SO B 240 i A L R AR T X
X BHE DI P AT w-XRF WLZE T R e FE 5
WA, ALERACIE  Rh 3L, DR 50 W, IOk HLUE 48
kV, H30.8 mA, J6BE 15 wm, B4 mm, R
PRINEF(SDD) . R 7 i frRe A IE, AR
20 wm, HLEHFEE R 8 s, BEHE 200 H MNI,
MN5 Fl LP3 #4730 X 430, il i E 42 170 em
XANES Z3#77  [E B 22 B b v ] H7 B1A 52

JIt X LIRS AR S5 44 1 ( Beamline 14 W1)) Zeub it

7. S SiC IV )RUih 628, REBUB ey,

SIBE bR RIERI BRI, R
BORRE , A S 1T Al B I SO R B B

12885 13 385 eV, JEillliE 4 045 eV, B i)

P 4 F R AP K131015 213 115

¥

eV, BRI Pb Ly WIS (13 035 V) T 20 eV EillJ5
80 eV, FUERICR FHAUL G ith Ze Al 2 f A i ith 2 )
(15822 R-factor 14T, #E5E R (HE/MNOBLE 4
1.3 b

FIFH Athena #E47 FHUERLIE , Firihdk, IH—1k
AEBRALR RS, R PyMCA R4 E47 9 Y50
fifi , FIAH Igor Pro #XAFHEAT mapping B4 (Y A 3.
FIH Excel A1 Origin 9. 0 #4784 40t Fz &, %
JH SPSS 19. 0 #EA7 A AL S04

2 HRSiTH

2.1 EVRED X R AR S QAR AR

b R BT A T AR R IR A A rh O R
B BT (OM) i Al pH ELELA R AR DG (3%
1). AR, BT XA 195 pH E{EHA 5. 06
~7.57, 05 6.55, AR SGERPE. L HEF Pb,
Mn. Cu. Zn. As Fl Gd it 1 R, SOHER
55 BRI ( GBA1561841995) bttt , Hbx
G P91 % | Miik6d% . Cu:9% 710090 |
As:74% . Gd:100% -+ A7 DX A i St it pY 133
S S N PN T T ot Py
7 Ph VAL Gy e 15 - M T A
Ve, 40K, Pb 5 Zn | Bs, Cd RETATE, HIE
RS 5 0189, 0.86 F10. 78, 15 Mn-Cu JEH
SePE. Ph U RS (r =0.57), 5 pH

A

£1 tRELEABNRENER pH A

! Table 1  Total concentration of heavy metals, OM, and pH of soil samples
AR Pb/mg-kg ™! Mn/mg-kg ™! Cu/mg-kg ! Zn/mg-kg ! As/mg-kg ! Cd/mg-kg ™! OM/ % pH
LP1 826 +18 530 +13 25.5 11 531 +31 36.7+11.8 6.43 +£0.49 4.74 5.69
LpP2 778 +21 719 +8 32.9+8.9 2483 +94 65.5+7.9 25.9+0.8 3.18 7.08
LP3 557 15 345 +6.7 21.8 +4.8 690 +16 36.8+5.0 9.50 0. 05 4.14 5.06
MNI1 9055 +£294 1416 +79 67.4 £3.7 22320 +539 276 +18 167 £12.6 7.53 6. 66
MN2 4090 + 180 1169 +63 62.6+2.6 8574 £399 155 +10 85.2+3.5 7.21 5.50
MN3 2516 81 867 +25 79.8+1.8 4538 100 83.6+0.9 41.8+1.4 6.11 7.36
MN4 117 =7 1584 £39 50.4 +0.7 531 +9.9 15.2+2.9 2.00 £0.03 7. 64 7.33
MN5 2357 +91 1743 +44 51.8+1.3 15 893 +541 115+7.3 176 £7 5.61 7. 46
NJ1 747 £21 1745 £37 76.4 +3.2 378 +51 160 £23 2.76 £0.03 3.32 7.57
NJ2 460 +9 1219 +16 66.9 +4. 1 317 +51 96.7 £16.3 2.20 +0. 19 4.55 5.18
NJ3 1300 +67 1583 £16 204 +9.5 2828 412 70.2 £5.1 17.6 £0.97 6.08 7.17
Max 9 055 1745 204 22 320 276 176 7. 64 7.57
Min 117 345 21.8 317 15.2 1.34 3.18 5.06
Mean 2073 1175 67.2 5371 101 48.7 5.46 6.55
2.2t RS WA (71.25% ), R 7E 5% 25 R 7S

BYE L3 AL A TR S 2 B A A A
B/ A R 1 I N = i

(10.69% HI 10.68% ), 7¢ W] %& Ak & 2 fii % b
(7.38% ). +4Erp Mn & & TS 28T Lk I A3
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Table 2 Concentration of lead (Pb) in plant tissues (n =3, average = SD)/mg-kg~

1

R A FORAR B ] SEAR PR Rt PN KRtk PN
LP1 72 +6. 68 7.87 £1.59 250 £12 5.0£0.43 121 £20. 6 13.1 £3.58 1.56 +1.12  0.89 0. 19
LpP2 68.0 +2. 1 4.45 +0.67 102 £5.7 2.20£0.27  46.1+3.2 10.6 £2.42 1.03 £0. 61 0.33 +0.05
LP3 79 £7.15 7.87 £0. 68 226 +60 4.25+0.28 124 £6.6 15.3 £2.63 1.43 £0.35 0.59 £0. 11
MN1 330 £17 21.4£3.79 135 £4.9 11.9 £1. 58 187 £37 43.1+16.6 6.33 £3.2 0.45 £0.11
MN2 127 £ 19 5.92+1.2 121 £3.1 7.59 £0. 65 61.4+6.7 23.3£13.3 1.89 £0. 58 0.13 £0. 08
MN3 147 £12 9.2+0.24 145 £24 6.36 £1.73 77.8 £6.9 34.9 £2.91 5.34+£1.84  0.36 £0. 18
MN4 10.2 1.3 0.68 £0. 14 18.3 £0.42 3.71 £1.49 16.8 £3.0 0.89+0.06 0.82=+1.03 0.26 £0. 13
MNS5 91.4 16 3.96 £0.22 145 £2.3 4.19+0.92  49.0x1.7 12.5 £4.21 2.4 £1.06 0.43 £0. 15
NJ1 46.1 +3.2 1.36 +0.47 61.4+£32.3 2.02 £0.57 19.9£3.9 7.52+1.34  0.92+0.72 0.23+0.2
NJ2 27.3 5.7 1.1£0.33 26.6 4.0 1.32 £0.05 22.9+0.6 6.46 5.2 0.37+£0.06  0.33 +0.44
NJ3 33.0+4.6 0.98 +0.56  40.7 +3.57 1.24 £0. 35 24.9+3.4 6.09 £4.51 0.83 +0.42 0.19 +0.09
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Table 3 Pearson correlation coefficients of the soil-plant system
B i S Nt) PASK SR K PG PN PG )
F1 0.94 0.83" 0.23 0.90 ™ 0.63" 0.92 0.93™ -0.03
F2 0.95* 0.86 0.18 0.90 ™ 0.69 " 0.84 ™ 0.80™ -0.03
F3 0.90 ™ 0.79 0.10 0.83 ™ 0.62" 0.79 ™ 0.76 ™ -0.10
TPh 0.96 ™ 0.86" 0.16 0.90 ™" 0.68" 0.85™ 0.82 " -0.04
1)FL, F2 F3 FllTPb 53510 + P A | nl ik B8t | ol Sl Al AN 2 B AS A 5 % % 2R P <0.015 % 3R P <0.05

R4 TR Zn, Cd, AsiKES Pb HFIEFL, F2,

Table 4  Correlations between Zn,

F3. F4 B Lb At A R F BN

Cd, and As concentrations in soils and the percent of Pb fraction and concentration of Pb in plant tissues

BIREMEXXRY

F1 F2 F3 F4 TR FORM REMR XU KGR KERREE KRB KR

Zn 0.55 -0.30  -0.29 -0.35 0.83™ 0.70* 0.16  0.75* 0.54  0.68* 0.73* -0.02

As 0.25 -0.10  -0.33 -0.11 0.79* 0.62* -0.07 0.64" 0.41 0.65* 0.60* -0.24

cd 0.62* -0.34 -0.34 -0.39 0.72*  0.58 0.20  0.66* 0.43 0.59 0.64* -0.02
1)F1, F2, F3 fil F4 5000 R HEp ERA ST . AT JEAET . MRS AR SH T G H 0 Zn, As Fl Cd AR5 Zn | As I Cd AYK

JE 5

# % F8 P <0.01;

* e8P <0. 05

AT . A ST Ph . As BYASHAE
FEHE T KASHE 200 Ph A1 As 19M. 358 Zn FiI

Cd FFAEARXAPIIAL Ph A7AE 5550 > 3‘”'
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Fig. 2 X-ray fluorescence characteristics of lead (Pb) hot spot for soil samples
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N FRIEYI T/ %
+ERE R-factor
Ph-goethite Pb; (PO, ), Pb-MnO, Pb-HA Ph(Ac),
MN1 46 36 3 6.55 x10 73
MN5 41 55 1 3.59 1073
LP3 39 36 1 8.7x107°
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