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O O EN R OB B AT K 3 Fhik BTG Y 3 Ph Zn 2B S AR
YImT S PR . 25 R, 48 Pb EFL Fe-Mn EALYIZE AN E I Zn EELFRES A E. BEFIX £
HE P Zn A2 T8 75 00 52 0 B 5 1 SR I ] (O AR [ T AR 9], 1595 1 A H B, 2% B85 F0 2% 1 K b R W] 43 5] 5 5
+IEBLER (HOAC) $2HUZS P &8 F % 76. 0% F1 25. 6% ,3 Rt AL PE S35 15 HOAC $RBUGE Zn & LR
BEALTHFEAR 6. 1% —17. 0% . $53% 2 A H i, B 43 F 47 K AL B4 1) 5 3% + 52 HOAC $2HUES Ph &4 TR
62. 8% F139.0% ,£1 KAL PG5 4 4 HOAC $EBES Zn &8 R 34. 6% . 3 Pt % 14 Ph Zn (LEY) T 45
AT R, B - T 4 ST PR IS RN 8 IR 5t B (S TRD I 5. 5 3% 1 S A, Wk e R T 40 S0l S 3 4
Zn WEY T A HERRAR 15.9% T 14.9% B3R 2 A~ A UG 3 Fhek RAIRT Zn 09289007 45 PR 200 52 0. 5845
JRFH M Ph Zn AT YL R A IR BT DI B 3 R R AR ST R R D S A R s Y
SRS

KR I R B LIEES AT A k.

T T DR U M A T T e AR SOk A T w1 B AR L3 rh  5F
TEAE AT AR AL AR R | I 852 T 43 i 15 Y W 2 W BRI AR E AN, TG A2 A £ i £ B i S
TR, T G S YA S AT IR AR DR (Y PRI ) R L3 4 DA AL A R — R AL
ME S RBEEHAR. TEE SRR R RIPT TR T 20 AT 50 AR, AATER 5 FH 2 B 5 182 Bff 7K A<
H AN 4B, B R 2 R Z B R R T - < A IR BT B Al . — SR B R R AR R AR A
AR ARSI N TR I AR AR s SR R R A ) 3 T A
Wi < S HLIC A JRR E B A3 ) 3 T L TT0E T B 1 S 45 A1 T 258 Dk BEL#22 4 J8 O RS S Rk 3%
IR B REAR T 4 Ja A W s P Y E L AR SR R B R X - R 4 TR 8 LS 5 T R
ST O ELRE T VR A RO T 4 A T Y BRI RR). AR TN T e Rk R A ROR 2 B
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I HP AT i EL AT ST AR A3, S R A AR H 4 TR ) e RSO, R BT RPN A i B9 K
5, SBET 1 9 NATTE A —Fh AT (5 A 2 B E S G R AR Wil 25 PERY D575, T BCR IS A RERLUUAIA B 1)
T E R RIL SRR, N IZ 07 15 AN BE B S S M S BR 25 140 R B AR W REE. 8 BCR A FIAE W Al 45
PRSP TIE ST 5 T RE 2 L R M DAY - S 5 1 T e XU LA B o8 R 7 % B < i 1) 18 S5
RS AN SR T Ph As MR WA ALHE DR ST HE IR T LU AR ST T PBET A SBET %5 )7 I %415
eI Ph As AR RUPE PN ACR.

SR SBET ¥4 A i R 70 0o 7 4 i 75 e - M8 A2 IO RCR WS 5 0 ARG T AR SCR- T BCR
TERTST Rk A7 WA A B A5 Bl R R X AR P 8 P Zn WA JE 2522 AL B 2 0 ] I 45 75 SBET
VAT - HE Ph Zn BARYIRT S S oA T Y b S e R TR B RS ST R BB IR

1 MRSk

11 R4 Ak K5

P EHER AT AL BV5 YR H 0—20 em £2 4, BIEL ARKT T 2 mm 54 H. L3R
FEAPRAL M AR & A 20 5 (0 RO A2 B ik ) s 0 ik A (ZT) R AR AR (LS) W R AR
TN B4 L SR BT R B Ry (PS) W [ 157 R 4 0 BH T I R A AR R AR

A R B R A AR A R A KRN SRRV &, RS 3R .7 0.5 ¢ 150. 149 mm
T 4 EATEEE T, I 8 mL FK, RIS, 75 90 CIH A 30 min, FHE 2 120 CIHf# 4 h,
PR 140 CIHfES h, HL 2 HIEAS K A 84 110,45 um /K RIERES A 4 C vKFE ORAERFI.
T AT S A AT B, I A R A AR EY) BT ( GBWO7406 ) |, 5 i FH LB 5 5 B IR
R SIHETEAL(ICP-OES ) I 2 7 b 1) 3 4 7 i, e 25 SR 2053001 Ph A1 Zn 119 IR0 L ok 809% —
115% 4545 i i il 22K

A BT R IR A AT % TR AR - L ke . FR 0.2 g 3 0. 149 mm G KT £ A
50 mL 3R, 005 mL SEESFRHIAT 5 mL WRERER , #5505 , AAEIRAR 100 CF M 90 min, 2 HS finsk
FEAZE 50 mL, FEACE 5 B EIE WO T e . pH I 5E  FREX 10 g £33 JiTA 25 mL JG CO, 28418
K(E/K =1:2.5) &%/, # 1k 2, R F DELTA 320 pH {00 % 3 b Y pH (8. sk B &% +
S AL L 1.

R BRI R R Y S A AL T

Table 1 Physi-chemical properties of soil and amendments used

pH* oM"/(g-kg™") Pbe/(mg-kg ') Zn/(mg-kg™")
T35 5.81 41.40 468. 80 319.00
A 8.27 —d 0.43 4.48
BTk 8.05 — 2.74 51.00
1R 12.56 — 0.83 4.92

a: SRIAIKEE 1:2.5 P5E; b AHUTEE; o:Pb Zn AR SRR MIKNML; d: =7 FmREI0H

1.2 LRIt

R 4 A AEHE L XTI CKOCRES MM R A i8I0 2% (W/W) B4 (ZT) 85 2% (W/W) B0
(PS) I 2% (W/W) A K (LS) . FFMAEFRAFREL Pb Zn 754 1 100 g, Kk R FIFEATG Y+ Fe/0iR
BS1JG  TOAN— IR RE SRR SR 5 U845 7K 43 2 - 8 T B R 7K 19 70% , 7€ 25 £2 °C TH iR 35 5% 8] N 5
F%, B R AR EE A 28 KRRy SRR H R K 219 70% . 1537 30 d A1 60 d J5 RN b 4%
B 3 ANE A e L pH, X - EEAT BCR 22 e AR o] 454 53 B (SBET) |, RN b BEAL IR 6 4>
HE.
1.3 EHEJE M HAEER

K FH Rauret 257 Bt (9 BCR /0 AR BUE IR BUS Y+ Ph Zn MIML2ATEAS. 48 BCR 0¥ 42 B
Jo B0 R HR O T K B J B s R HH PR 5 55 B 1 R SO GIEAX (ICP-OES ) M, K Pb  Zn 43 4R B
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TEARZ G S R DR, 45 4038 Ph Zn 19 [1IBCRE [ 80% —110% |, 1 /2 1 it 42 il 25K BCR
STREEEA LR .

(1)HOAC #RHGE  fFR B1 &, 8% 1 g(3F 60 H) 14, & T 100 mL &.0% 1, /i 40 mL 0. 11 mol + L~
CH,COOH ¥ , iR N &% 16 h,#E 4000 r-min ' #.L> 20 min, FEWRLES L ICP-OES U %E Pb . Zn
Bk RPN 20 mL B TK Sk, T 3000 remin TR B 15 min, YRR

(2) Fe-Mn EALYIZE A7 fRIFR B2, 1140 mL 0.5 mol-L ™' NH,OH - HCI T8 1 3R, SRR
16 h, [FZ5HE 1 B0 2 U Peisk .

(3) AHLEEEZS WA B3 25,1 8.8 mol-L™"H,0, ¥ 10 mL T3 2 4R+ =il FACE 1 h, 6]
ARG . ARG T (85 £2) CARKMB I 1 h, KR ELH M, H 28 H,0, 4 1—2 mL. BAEE T
10 mL H,0,, (85 +2) C/AKBMAZIL . ¥HJF,150 mL 1.0 mol-L~" CH,COONH, (¥&ASER I pH {H
£2.020.1), FHEIRY 16 h, /3B E.

(4)FRIEZS . fAIFR B4 25, R HCI-HNO,-HCIO JRER IR R X158 3 T4 sk i E 4714 &, %2 Ph A
In ZH.

1.4 SBET {2£HUFEF

SBET J&Mf 5t TF e i 4 J@ 15 Y S PEN 19— B in vitro SEHG J7 ¥k , A 5 45 J@ X AR TN sh )
A AT PR AR IO 3R IS R 48 (5 0. 25 mm ) 0.3 g LA 50 mL 2 DU 2 i
o RENAR N 0. 4 mol - L' 208 SRRV W ( FH— & MR BE Y HCL 3 pH {E % 1.5)30 mL, T 37 CIEE/KIF
RGP 1 h, H— PSR 10 mL 32 BURIF T 0. 45 wm JERSE, 0 FLUEW %) pH B, W45 pH
HATE LS + 0.5 JEFEN, BA NI LY, 78 8 H 5L 5. ICP-OES W I8 iy Pb Fl Zn 5 &

1.5 BdEgit ot

JH Microsoft Excel F1 SPSS18 #H45 &, XF A [RlAb BREHE 17 5. K 28 7 2243 H1 (ANOVA ) 1 Ducan 55

ZHE B (P < 0.05) 5l LSFBIE £ brifEE1R 2 RN . £ R Origing. 5 58X

2 R 5THE

2.1 BCRFDT - pH B9

pH HIEAE 2 S B e &R (LA A8 L A AR Ak, 520 - et 5 4 Ja %) W% Y B o 4 T B A k.
SIS AT BT LG IS S P R v Y pH (L (P < 0.05,3%2). SXFHEAM L, 8537 1 N A
J5 2% Wi AT 2% B R A 2% A1 K T 43 4R v 4 pH {H 0. 10 1. 42 F12.33 555 2 A4 5E =
0.06.,1.62 F12.43 A finfa AL pH $2 5 55K, B0 Bk 2, il A 38 = fe/ N, WA it L Ak
P BIfFAESE B TR 25 5, X 5 7 K% 95 pH 520 38, Wl A X - 38 pH 5% Wi 8 /N 14 42 30 A —
P FERE T R B0 4 JE S Y e pH (B AR R AR ME I A K A R R A A

F2 UCRAASIR L pH AR

Table 2  Effect of amendments on the pH value of soil

b2 1A 24 A

CK 5.86+0.01 a 5.81+0.03 a
7T 5.96 +0.01 b 5.87+0.02 b
PS 7.28 £0.02 ¢ 7.43 +0.01 ¢
LS 8.19+0.04 d 8.24 £0.02 d

TP HME « briEiR 22 RS 7T RBORA TR ZE 57 B35 (P < 0.05) s CK AT IRANER, 2T Bk 1 A0 21, PS . U 6T AR AL T,
LS B Ak 2

2.2 BRI LHE Ph AL SRS AR Yy n] 45V B R

TR SR LS TE 7B A WA RO RN AR S ER Y i AR . o R B 0 T S e
B 5 09 A= DA S8 PR I o, AR AR 2SR ) f 3 DRI 00 G 398 4 s 0 A 280 T LM
GRS Y AR AOR T AR MR B ICS R R AL S B e LR B S MR O A S
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Bl A= T RMSOR FH B AT %o B85 s AR R XU >0

R FIXF 145 P AL IS0 A B 540 ULIET 1, BCR 432 3R B g 61 | 133 Ph 5L Fe-Mn &4k
WEAEARRNE 5 3 Ph SR 80.6%—90.7% (#5355 1 AN H) MR LGS T 5 1A 43 LA, i+
HEPb B 2. 1% —10.9% , X 5 — P58 H 15 1Y Fe-Mn AL 45 & 48 & 18 Pb 2R ML
A3l TG BCR 28R 0.5 mol - ™' NH,OH - HCl #E4TH2 0, Fr LA$ e 1 H 3 rh
) Fe-Mn 24L75 Pb & &, iZ45 5 5 Rauret 25720 7 OHRIE — 30 WS INHER 3 R AL AT 5 25 Hb PR A T
435 Pb ) HOAC $2EUS R (P < 0.05) , 4215 T Fe-Mn bW 45 &S RA WL A Ph T 5 B E 4
L (). S5 REAH L, WS 0 2% WA 4 F1 2% A IR Ak FRAT 43 5] FE IS 1 3% HOAC $2HUES Pb 76. 0% F11
25.6% (}iFR 1 1 H ) ,62.8% F139.0% (3557 2 A~ H ) (W3R 3) , [ HOAC 421U Pb 5SS H 73 L
RS N 2% WA %5 32— H R~ A (9 38 HOAC 2 BUS Pb AL AL S R A B .
AT BESE IR B Ry Af A B 4398 pH (A B & T, AR T 138 Pb i RS sh ko A
RS RS SRR T ) Fe-Mn S ALZE A 2856 10, 10 Wk A3 % 358 pH 5952 M A XT38/, Blowt - 48 Ph 19 TE
BFCMEL/N. WG h A B By AL PR MK 1+ 438 HOAC 42U Pb HYRE J738 T3 AL P | 3X & iy T 1 4%
WINEED B 5V BETRIR S 5 5 Pb B T R A AL IO N, TV L ik B AR AV A ol R 5 DT, BV pH
{HKTF5 B, BERR AT A . 1A R T pH M (9 el R 77), pH (E I TH = A2 0 Ph 5 R AL I il
R SRR AT, (H B AER IS T (R pH > 6) , 138 Pb A 5 IS AT LAY Ph(OH ) ;7 , AT 42
5 Pb R s R pH (EJ2 5+ 4 Ph JE SR AL — A EEHE (A2 RS R AU SR
AL I T LA R BH 5 30 f it S 458 Ph TR A A Ak = A s .

[ LR E 0 Fe-Mn &4t L ANESE

BE—1H EAA
100 - — — — — 100 - — — — —
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xR xR
m 40 m 40 |
20 |- 20
N B T el B S
CK 7T PS LS CK 7T PS LS
Ab¥ Ab3H

B SRR Ph ARSI B R

Fig.1 Effect of amendments on the fractionation of Pb in soil

F3 BRI L HOAC $RBGSFIAE Y AT 454 Ph & 5 A 5200

Table 3 Effect of amendments on the Pb contents of HOAC extraction state and bio-accessibility in soil

AT HOAC #2574 Pb &/ (mg-kg™") Pb ALY AT 454/ (mg kg ™")

1A 21 H 1A 21 H
CK 60.52+3.01 a 36.25 £3.26 a 369.58 £5.18 a 385.66 £16.50 ab
ZT 57.97+1.05 a 36.71£2.58 a 347.12+7.47 b 397.90 +11.92 a
PS 14.50 +0.82 ¢ 13.49+0.95 ¢ 346.75 £4.65 b 346.46 £3.48 ¢
LS 45.02£0.80 b 22.11+2.65 b 374.09 £10.62 a 361.98 +15.85 be

TE P + BRiER2E (n =3) ; AFIAIR FRE 3R b B 22 57 3% (P < 0.05).

M3 B R FR 1A AW, AN 2% 3641 R 2% B0k 30 Ph 5949 T 45 Pk o R AL B Y
369.58 mg-kg '/ E] 347. 12 mg-kg ' F1346.75 mg -kg ", FEMR LR B K 6. 1% F16.2% . K3k
2B, EHETR N 2% B0k 22 Ph B AR W] g5 M el X B AL B Y 385. 66 mg - kg ' BEAIX F
346.46 mg kg~ FEIRELAR N 10. 2% . Bs™ k09 7 P AL 32 2202 30 1 2 - 32 e Fn L T VE T8 OES 17K
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B[ Pby (PO,) X, X =F,Cl,B,0H ] L&, AT FEAS +3 Pb A4 Caot ™ IIF5E B3R
HI[ Pb,, (PO,) F, 2 HHLEWIEE Pb 1 EEIE ). ANE R 1 D H R TR 2 DA A
AT+ 45 Ph (AR AT 45 PR RE AN 2. AT AR UL ( BCR) A WA 80P T A4 B (SBET) IS & 2
T B4R T R TER A BTN k2 —. BAPras AL K% 1 A AR 2 A H G, ek b # i
] (2 3 A% 3 b Ph () HOAC $RBGS AR vl 451, R Wik A TR e b £3 ot K Pb
BB Sl I R AR LT A 2 B fi A BH AR
2.3 PREFIXHHE Zn fb2HE A A AT 45 PRI

]2 Ryl RN 38 Zn ALZFIE 50 A0 B2, L 2 T LUE H, 38 Zn RZDGRES 3, 4
FHEM Zn SR 53. 7% —61. 4% , B WG S Zn i 13. 6% —15. 7% , Fe-Mn BALW 45 &7 Zn 5
17. 6% —23.3% 1 HOAC $2EUS Zn 5 7.4% —8.3% (3535 1 N H) . 8537 1 NAJG 2% W47 2% wi™
Wy 2% A7 JK AL BRI AT ) g 2 s B AIG - 3 HOAC 4R EUAS Zn &5 B, 55560 IR A AR HE H: 35 500 50 B AIG
6.1% 12.9% 1 17.0% , FfF4& m R IE A Fe/Mn EAYEEGE Zn T8 (P < 0.05), WK 2 FIEk 4. 5
FEWAN H R T 2% 7 KAL P 522 b AR + 38 HOAC $RBUGE Zn &AM (34.6% ) , G Inish 41 FOwn ¥ +
HE HOAC $2EUES Zn & S FEARSCR A . WA BR T X Zn HAT WD BESMA T LN Zn SEFTREIR ! | 3X
Al R FEEE IR H B3 X Zn [ 2 SCR AN I 5 14 JRL R 2 —.

HFE LA 2% A F 2% B R FECEHE Zn (AT 240 Bt X IRAL BRAY 34. 58 mg - kg !
S3 ABEARE] 29. 09 mg-kg ™' F129. 44 mg-keg ™' PR LRI HIH 15.9% F114.9% . (A2$55% 2 S HJE3 A
MR AL HXS I Zn BYA Y AT 2 VRS AN (3. BEE B SR I TA] B A WA R R X Zn AR ] 25k
IR MR A, 3 2 T e AR B R 3R EE (pH = 1. 5) FIHABES TR |, i B 5790 2 10 1 W B o7 5 3%
GeVEFRIWTRG 38 DT R BN Zn A9 AWl S PE R A B X SRR A SR A — R R 13 A4
H AR B 0 M AR - Zn (R T A S R

B R O Fe/Mn BRATHRERZS
C O AH A Wl gss

%A %AH

100

80

RS S 60
x Ex
R R

il i 40

20

0

CK ZT PS LS CK zT PS LS
pisii] pisii

B2 PRGN 2 Zn AL AR

Fig.2 Effect of amendments on the fractionation of Zn in soil

R4 BRI IR AT SIS Zn i AR ] 5 PR

Table 4 Effect of amendments on the Zn contents of HOAC extraction state and bio-accessibility in soil

T HOAC RIS Zn 4 (mg kg ') Zn YW M (mg kg ")

114 24H 11A 241H
CK 24.33 £0.61 a 15.13+0.62 a 34.58 £0.31 a 33.96£1.66 a
VAN 22.85+0.29 b 14.37 £1.06 a 29.09+1.96 b 30.13 £0.73 a
PS 21.18 £0.33 ¢ 14.28 +0.57 a 29.44+2.16 b 32.54+2. 14 a
LS 20.20 £0.14 d 9.89£0.63 b 33.97 £0.71 a 31.77+1.84 a

TE P« PRl 22 RIFUR R PR 3ORAL BRI 22 57 B3 (P < 0.05).
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(1) TIEEIh A Wk ALK PR e 300 pH, R A R AIBE R A0 B pH 48 54
x.

(2) 3 Pb £ Fe-Mn B4 &80 . 53 BB, TN 2% B0 K F1 2% A1 KA BT 43531
S 1 HOAC $2HUS Ph &= FFE76.0% F125.6% (535 1 N H ) ,62.8% F139.0% (35372 N H).
Rt — 1~ H b G FBE T Ry AL BRES AT LA A 1 Ph 2B mT 5Pk & i

(3) L3 Zn FEDIBRES . KR 1 DG, B A B R LA AR B AT DL I 25 b BRI g8
HOAC $2HUE Zn & 5 ,2% WA A1 2% W0 #3048 Zn 09259007 4514 5 42 43 1) Lb XoF JIE Ak 34 4 1
15.9% F114.9% AB 23557 2 A 5 3 Fhk RFVAEIXT Zn 9 2E WA 265V 0100 i B k52 .
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Effects of zeolite, phosphate rock and limestone on
fractionation and bio-accessibility of Pb and Zn in soil
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ABSTRACT

Effects of zeolite, phosphate rock and limestone on the fractionation and bio-accessibility of lead (Pb)
and zinc (Zn) in soil were studied by using soil culture experiment. The results showed that the fractionations
of Pb mainly exist in Fe-Mn oxidation, and Zn exist in residual fractionation. The effect of amendments on the
fractionation of Pb and Zn in soil differed with soil incubation time. After one month incubation, the treatment
of adding 2% (W/W) phosphate rock and limestone lowered the concentration of HOAC-soluble Ph by 76. 0%
and 25. 6% respectively, comparing with the control. Addition of zeolite, phosphate rock and limestone
reduced HOAC-soluble Zn within soil from 6. 1% to 17. 0% in one month incubation. After two month
incubation, the treatment of adding phosphate rock and limestone lowered HOAC-soluble Pb by 62. 8% and
39.0% in soil, and a 34.6% reduction of HOAC-soluble Zn was found in limestone treatment. Though these
three amendments all affected the bio-accessibility of Pb and Zn in soil, the effect differed with the type of
heavy metals and incubation time. The bio-accessibility of Zn in zeolite and phosphate rock treatments
decreased by 15.9% and 14.9% after one month incubation, but these three amendments showed less effects
on the bio-accessibility of Zn after two month incubation. This study suggests that zeolite, phosphate rock and
limestone can be used to remediate Pb- and Zn-contaminated soils.
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