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Stabilization Treatment of Pb and Zn in Contaminated Soils and Mechanism

Studies

XIE Wei-giang' >, LI Xiao-ming'”*, CHEN Can’, CHEN Xun-feng'’, ZHONG Yu'?, ZHONG Zhen-yu’,
WAN Yong’, WANG Yan'?
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Environmental Biology and Pollution Control ( Hunan University ), Ministry of Education, Changsha 410082, China; 3. Hunan
Research Academy of Environment Sciences, Changsha 410004, China)

Abstract: In the present work, the combined application of potassium dihydrogen phosphate, quick lime and potassium chloride was
used to immobilize the Pb and Zn in contaminated soils. The efficiency of the process was evaluated through leaching tests and Tessier
sequential extraction procedure. The mechanism of stabilization was analyzed by X-ray diffraction ( XRD) and scanning electron
microscope (SEM) to reveal the mechanism of stabilization. The results showed that the stabilizing efficiency of Pb contaminated soils
was above 80% and the leaching concentrations of Pb, Zn were far below the threshold when the ratio of exogenous P and soil
(mol-mol ") was 2: 1-4: 1, the dosing ratio of CaO was 0. 1% -0. 5% (mass fraction) and the dosage of potassium chloride was 0. 02-
0. 04 mol. Meanwhile, Pb and Zn in soil were transformed from the exchangeable fraction into residual fraction, which implied that the
migration of Pb, Zn in soil could be confined by the stabilization treatment. XRD and SEM analysis revealed that Ca-P-Pb
precipitation, lead orthophosphate [ PbHPO, , Pb, (PO, ), ], pyromorphite ( Pb-PO,-Cl/OH) and mixed heavy metal deposits ( Fe-PO,-
Ca-Pb-Zn-OH) could be formed after solidification/stabilization in which Pb and Zn could be wrapped up to form a solidified
composition and to prevent leaching.

Key words:soils; lead; zinc; stabilization; leaching toxicity; morphological change; X-ray diffraction (XRD)
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SRR AV A RIS A8 S R RS AL AL PRASCR IR 5T
IR I ALATL R AN - SO ES 14 (9722 1, UIYI 7 51
AT e ARG [ A s IX - S A AL )
ARBL, R B BA S X

1 #MBEFZE

1.1 fil I

PR R A W e A AR VLI DX BRI, 45
TR IR SRR EE N 0 ~20 em. PRERAL 15
HERA FREPIERR 5 B SR AT, 3 100 BB e, 5853
RAEE TSP, U8 ph, Zn A5
et 39, AR BRAL PR R pH =5.46, H 4 )% Pb
A9 365. 83 mg-kg ' Zn i A5 438.17 mg-kg '
Fe & & N 36512.6 mg-kg_1 . Mn & £ H28031.2
mg-kg ™' AHUTEEFE A 3. 54 g-kg .
1.2 SRkt

M b Scn] R e S TR . T Zn
F1Pb BAAARL 417, o X 3 Ph
Bn BRGELERZEE" WAL E LI+
e DA ARYE, B0 BN & DL Ph/P A EE R LR
SRR A A KRN LS AR A 43 L BEA T RO,
AR SEE AR HREUR S 100 g, 255700 5 FARR A Btk
B5) RE R R KRN 30% , R $ES
SETENARFME TR 28 d. LR =
R UK IEsg it A T S8, 4 16 S0 3, o b
B 1.

#1 EXHBEZKE

Table 1  Orthogonal experiment under different

ratios of P/Pb and CaO/Soi

RGN
KF I ; .
P/Pb/mol - mol Ca0/Soil/ % Cl/mol
1 0.5:1 0.05 0. 005
2 1:1 0.1 0.01
3 2:1 0.5 0.02
4 01 2 0.04

1.3 WE ST

T [ G 8 5 7 A 2 AR (TCLp) )
Xt A BRI AR AR RS AR RO A T AT
BEBEEHT K Tessier 542 H B0 BAZR BT
WEUYRRE, 60 R 5 AR SIS | BRIRER S A
AL AL AAS | BILS AR URIRIED; 71
VR ) 4 TR S vk B SR DR R O B T
(ASS, Agilent3510, USA ) #4790 22 43 #7; >R H D500
R4 [ 3 X AT (XRD) 28 Hr A BRRT 5 -3 b iy
A5 SR TM-3000 % 45 3413 i 7 8 s 2 i Ak

HUFE SR BONR EE S D TR 2550 % L%
AR AR ERCR, SCH S I ARRERCRIE X

¢y — ¢,

% = — x 100

A HEERRE (%), g FALBLHT - E 58
RMBORIEZ (mg- L") e, WALPES 13 & m R
WRE (mg-L71) . FERCRBOR, R e OB

2 HREITiE

2.1 HHERRCEMAIRS Ph, Zn MRRERLR

F 2% 2 AT, Pb IR ERR N 3. 9% ~99. 6% ,
Zn RGBSR N 16.9% ~57. 6% . TEFaE RN
FERh R RIS AR X e — . ke 3
PR k| kg | ks kg A5 S50 2R A LR E KT
RS AR E ; R 25 R KR, RN X
B PR 2R B0 S 563 T P 1 28 Ak 2 R B R 4 b
FERE KA AR, IR R (KA —31, st 2
PRI 27K X S 6 25 SR g i de KRR, th 3k 3 1)
W E4AJE Ph TP RE PP Pk, (E R, I
R AR R HoN 4 15 [RBEEA]40HT 3 CaO/
Soil Y i £E Bt & L 0. 1% , i £E KCl #% hn & K
0. 02 mol, (K1 ZE P/Pb EE/R L | CaO/Soil BT AR ML |
KCl £/ R (55514 80.3% . 13.3% . 2. 1% ,
Pt L T HIRZ 0 Ph e PR s8R A I Sk B R — A4
> K > KC; 43RS 3 TCLP 32 i b Ph ¥
B0 1~1.4 mg-L_le‘.[ﬂlj\],EEi1$ﬂﬂ 0.1 mg-L_l;
In e FEAE 8.0 ~8.9 mg-L™' YU I, S iEH 8.0
mg-L™'. EAJE Zn WRAEREICRNSELL .
P/Pb FE/R L 2: 1, CaO/Soil Jii & M kL Ay 2% , KCl
BN 0.04 mol. FZM Zn F2E ALAICR WY by 2E
K > W A8 > KCl; A3 )5 43 TCLP & i}
B Ph WEALE0.15 ~7.6 mg-L™' (7.6 mg- L' J&
P/Pb BE/RHL R 0.5: 1 I9IR W) , SR 0.15
mg-L~"; Zn WELE 4.5 ~8. 1 mg-L™ ' JER W, fefE
4.5 mg- L' FERGEE N, 4 pH 28 65
}5.94 ~7.24.

K& Wy BOk 38 TCLP 32 s+ Ph 1 &
RN S E PR AR ERR M (5 mg-L™") N, ARl 2%
FH W54 4 AE. Theodoratos %51 W58 45 | 1
0.6 P/Pb FE/R HL B AT LUKE 5 e + 58 TCLP 3=
T Ph Y A i R AIG E AR vE PR Y5 Chen 2617 FNI
Melamed %" B 55 35 11 16 5 75 Y + e 41 P/
Pb BE/R LA R e i, AR L6 45 R B P/Pb BE/R
FbFE 2 ~4 X[aEE, 3R TCLP 3 A Ph & &
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AR B FRAEBR (G Y, 78 P/Pb BE/R HE 4+ 1IN 85U %
fE, 3R WP Zn B9 Fr it e 2 K T b o FRAE
(25 mg-L7") X865 [R5 A9 B 50 45 AR AT,
Uk BB IR — VB R 2B A R TT LA 008 S e TS e
HaE RS gk RAE R TR AL B R

SR A A IR A8 2 YRR TS Y R A,
LERFE Ph, Zn WIR IR | FoE ROR Mot 22 45
R P/Pb FBEJR HLAE 2 ~ 4, CaO/Soil Ji & % hn b 78
0.1% ~0.5% , AALF N E TE 0. 02 ~ 0. 04 mol
BN B A .

R2 TERENAESEMER Pb, Zn WERER

Table 2 Pb and Zn stabilizing performances of the soil under various conditions

s ? Ph [WFEE &R Zn MEERCR
P: Pb/mol - mol ~! Ca0/8Soil/ % Cl/mol /% /%
1 0.5:1 0. 05 0. 005 10. 1 21.9
2 0.5:1 0.1 0.01 8.1 24.7
3 0.5:1 0.5 0.02 13.9 23.1
4 0.5:1 2 0.04 7.2 27.7
5 1:1 0. 05 0.01 51.2 18.8
6 1:1 0.1 0. 005 63.3 26.5
7 1:1 0.5 0.04 54. 04 43.5
8 1:1 2 0.02 40.6 49.6
9 2:1 0. 05 0.02 91.3 18.3
10 2:1 0.1 0.04 92.7 33.5
11 2:1 0.5 0. 005 88.8 43.1
12 2:1 2 0.01 80.6 57.6
13 4:1 0. 05 0.04 82.4 17.1
14 4:1 0.1 0.02 98.8 24.8
15 4:1 0.5 0.01 98.4 16.9
16 4:1 2 0. 005 81.1 24.6
&3 Pb, In REDN/%
Table 3  Ranging analysis for Pb and Zn/%
TGIRAR e P/Pb/mol *mol ~! Ca0/Soil/ % Cl/mol

ky 9.9 58.8 60. 1

k, 52.3 65.7 59.6

Pb ks 88.4 63.8 61.2

ky 90.2 52.4 59.1

R 80.3 13.3 2.1

ky 24.6 19.8 29

k, 34.6 27.4 29.5

Zn ks 38. 1 31.7 28.9

ky 20.9 39.9 30.5

R 17.2 20. 1 1.6

2.2 3PPy, Zn WIESAEL

+- 45 b 4R A I 25 2 DR BB 85 2 A 1Y)
AR A AR AR AR IR IR 4 B U Y
Ak R R RE 5 - 39 T 4 A B AR A 4 21,
AT IHEFAERERER T, 4 mAE LT
TRAEIRAS B T ol 281200 e 5 MR S A E
FAY T RA, T RE S50 , W RS AE BRI
B 5 BRIRERZE B3 | WAk A A4S G ALY
AN IE T AT RIS R e 50T vl AR
JAEYTRA RESE TAEYA TR, %P
STFEERIAEFRE, HiT a8 5 fk 9] FIHPE

TR

MRE LIRS EE S 8% 18 Ph | ZnP/Pb EE/R
IWTE 2 ~4, Ca0/Soil BT 4% M LAE 0.1% ~0.5%,
SALBR RN EETE 0. 02 ~ 0. 04 mol 3 B Py UL A 3F
3307, H £ P Al CaO W E SN ER, A
MrBESCEE R 10 5 11 5 14 5 15 5 R HERE o
HATEEBIL AT

FHEL T AT, AL B AT 3R S Ph | Zn B9 3
FRATIE S NG AL 45 A S R 25, Ph 28 e
AR 3.2% R ERE G N 9. 1% , H UL 4
AT Zn £ G R 4. 8% IkIFRERSS &
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BHNS5. 4% HHIEEEE N 4.8% 5 Pb, Zn AT
A AR, B RS 3 rp PR 4R A AR AR,
PR HE P 32 3 25 Ph | Zn YA B LAAR L A4
Xof A5 77 A AR XL

ZREAAE IR | IR S Ph AR A L
SRED A RATE 0. 5% Za AT, Bl B £ A1k
BRECIM SN, Ph MIRIR EL 45 & S bl 2 9> &2
1.9% R A ARG T 2% ~3.9% , 3Rk
BHINT 5.4% ~7.2% . LHZSH 2D | i B
WEIRER vl LAA ST e 3% b Ph 19 A9l A
P LD R o B R — A B O R T T TE
JF ER I T 114 WAL A oA AR AT - 38 v 5 %) 3 B e
b Bl A A KRB 3G 0, A i i R R 4
B AIEA BN B kb, A B 5T R B Ca X P-Pb
UUBE R A R E Y A A R BIA +35IE %
() &AL ) R TR SR 7E — 2 B B3R TH T 3 p
pH {27 FE vk B R vk 2% 1 R A T4 1kl
FR -k (v fep A ) T 2 ) RIS €L B gk T
Wl — S X 4 JE Ph BRI, A AR X ik 1) 4
WA, T AR T 45 00 A ke HE A 5T
FURT K IR IR A B 5 i ) o [ Ak T e
AR AR,

[ ki s =SEIEIRUE Fep
2 mEsaad BB sk s ol

e

100
90
80

= =
< 70
E= H
& 60 60 &
m i
£ 50 2
P pa
% 40 440 33
x 30 &
g 20 £
10
o B ] o
A 10% 114 145 155 158 145 115 108 4
B b
(i} Hif

E1 RENELER P, Zn XS

Fig. 1 Fractionation of Pb, Zn before and after stabilization of soil

FIERES T E AR Zn SR EAS S TR
Ry 24 A FR s S AR AL, 3c S 2R b B
TR 0.2% i Ah, IR R 45 5 A FE P/Pb BEIR L
2: 1A /D I FE#58/N , 7E P/Pb BEJR LE 4 1A,y 2>
2% BE AR MAEIY L &SR
JERIN FRIEASIEIN T 2. 1% ~6.35% ; LiRSLH4E
R R ER AN A A K TR it FH A8 W 35 0l 4
J& Zn WA RCE. AHGETS A RO

Fae Ak 1 ) 32 02 3 o el A8 4= 38 rp pH 2k 5K
PR ) 4 e A A G K, 5 pH {H BT,
— 5" 1A - 4963 1A A4 T AR B R A B i AT AR i T
rh R BERURLNT i 4 JE B B R M D — i, B
SRR, S s RIS, I
B B 4 SR B 1 S AR AR R e, AL
[T A IR U 5 4y i B 4 G T N2 [ B ) T
e A R L. BERRER X 3 b Zn AR E L
B — e P AR RIS T 0 R P AT dE /2 0
VEVER ; T MR A A KA HE T 4R R IR K
AW UTTE SR 6 DTVE /S UTE , PRI ] 4 7 1y
MR ER T -4 b Zn AR S fb LR E A Tl vE / T
TEAE Y.
2.3 TROERIE 550
2.3.1 X AT
TIPS KBS Y, 2T XRD %
SE 2 W B2 0038 1o oAb B - AR HE S 14 5+
HEEAT T AR . R 2 WAL, R AR
i FEE Si0, | B ALY SRR A R AL, &
e fbab BS , R 3 b i d R A Hh Sio, . Bk Ak
Y. AR A RE R AL Y. Ca-P-Pb UTTE. B AR 4T 1h
[PbHPO, , Pb, (PO, ), ], ZK#E & 18 (Pb-PO,-Cl/
OH) } iR A 4 8 ULHEY) ( Fe-PO,-Ca-Pb-Zn-OH ) ¥4
. TP B = SR R B B | SR S
FVEA KR 35 P 5 3 oM R R 2 1 1)
Ph iU SR, A RS T S R RR ER UTVE , TR AR T
F3gErh Pb AZ IR B Ca il 5 PR AETIER
NG 8 Ph B B TR T UE BRI URL B B
Ca-P-Pb fb&W; C1- 5 P —&Hhn3) 45 h | A ik
MEVA i 1) SEBE R IS I S RE AR I b 2R S A

(a) It * Si0, “ Ca-P-Pb
O Fe-Mn&({k4 2 Pb-PO4-CIOH
® X (Fe, Mn, Pb)SiO, © BERGHYER
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- l.l i ‘E&mDO at ¢ c

*
(b) AbBE R 145
L J
L ]
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L 1 1 1 1 1 L 1
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201°)

2 TEREALERE X SHETHEE

Fig. 2 XRD spectra of soil before and after stabilization
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DUBERIHEA T s Bk r=y K A 3 i A S8 Ak 3
TEPTERE R | R A R SR S R A
X YT s FURE TR IR A 4 R TLVE 9 5
IXLE PSRRI P RIS RSP E R 5.
2.3.2 SEM HB50Hr

Xof e A AL BT A AE AT A HEA T IO S50
L 3) R 2 00045, MHAT UL F4 52 1k
AR PR, B A v U0k A D ELES AR 5, A ),

\J s

. N

N D78 X20k 30um

(a) FEALHE; (b)) L1455
B3 TIEREWAIZEE SEM B ( x2000)
Fig. 3 SEM photograph of soil before and after solidification/stabilization( x2 000)
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(1) P I A B 2 A A BB S Y 3l
HELEEMIEH. P/Pb BEIRHLAE 2 ~4, CaO/Soil
JREHNHAE 0. 1% ~0.5% , EALERHmEAE 0. 02
~0. 04 mol 7 [l , Pb R ERCRTE 80% LA I, H.
Pb | Zn i WV B2 I T AR ifE R (A

(2) B M R, L3 Ph | Zn #FLLER
BAMPHAMYESE AT, REhs,
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Hi 3.

(3)XRD FI SEM 43 #73R 1, o AL Ab BLS T 1
f%) Ca-P-Pb ULUE . BERRHTER[ PbHPO, | Pb, (PO,),] .
HWAEH (Pb-PO,-Cl/OH) IR & E 4B UTIEY
(Fe-PO,-Ca-Pb-Zn-OH ) A B A IoKs 7 45 J 5 2L 4
A I AR E R ZE ), 15 5 46 a8 B LA
5230k
1) fuskess, oo, Wi, S5 07 KK £ 4 m s g

BEUTRHRL)]. RAIFEERIAE4, 2009, 28(6) : 1085-

1091.

(2] werit, BRI 0 X LB A BIRE (7], R,
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