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Remediation Pb, Cd Contaminated Soil in Lead-zinc Mining Areas by

Hydroxyapatite and Potassium Chloride Composites
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Abstract : The composite agents containing potassium chloride (KCl) and Hydroxyapatite( HA) were used to remediate the lead and
cadmium contaminated soil in Fenghuang lead-zinc mining-smelting areas, Hunan province. The objective of this study was to identify
and evaluate the influence of Cl™ to the fixing efficiency of Pb and Cd by HA. Two types of contaminated soil (HF-1, HF-2) were
chosen and forty treatments were set by five different Hydroxyapatite ( HA) dosages and four different Cl~ dosages. The toxicity
characteristic leaching procedure (TCLP) was used to evaluate the results. It showed that HA could efficiently fix the Pb and Cd from
TCLP form. The maximum Pb-fixing efficiency and Cd-fixing efficiency of two types of soil were 83.3% , 97.27% and 35.96% ,
57.82% when the HA: Pb: KCI molar ratio was 8: 1: 2. Compared to the fixing efficiency without KCl, KCI at the KCI: Pb molar ratio of
2 improved Pb-fixing efficiency and Cd-fixing efficiency by 6.26% , 0.33% and 7. 74% , 0. 83% respectively when the HA: Pb molar
ratio was 8. Generally, Cl~ can improve the Pb/Cd-fixing efficiency in heavy metal contaminated soil by Hydroxyapatite.
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, 0.0134,0.0268, 0.0534, 0.107 g HA,
4 KCl (KCl: Pb 0.0.5.1.2),
1 2¢g HF-1 HF-2 0.4.5
1.1 x107*,9x107*, 1.8 x10 g 0,493 x107"*,
HF-1 HF-2 2 9.85x10™*, 1.97 x10 7 ¢ 20
(0 ~20 cm). , 1 . HA KCl
, - , HF-1  HF-2 N .
, 70 2.00 g 50 mL
, , 2 HA  KCl, ,
. , , 7d
, , (20£1)C
, 20 , (2 30d, TCLP Pb.Cd
) , 1.3
2 kg , 100 pH : 20 10.00 ¢
, s 25 mL s s
PHS-3D
, KCl : (0.1000
Ca,, (PO,),(OH),, . +0.0005) g s 1.3.5 mL
1 . TCLP /mg-kg ™! HCIO, .HNO, HF, (200 +5)<C
Table 1  Concentration of lead and cadmium by total and s 0.5 mL )
TCLP in the tested soils/mg-kg ™' , 0.5 mlL HCIO,
oL 1% HNO 25 mL
Ph Cd Pb Cd ’ 3
HF-1 1248. 67 10.29 104. 90 6.83 , ,ICP-MS . 2 .
HF-2 1378. 00 9.11 120. 85 5. 80 TCLP 5.7 ml
1 L , , 1
1.2 mol-L.”"  HNO, 1 mol:L™"  NaOH pH
1 ,2 HF-1 HF-2 (2.88 £0.05), TCLP ,
y 20: 1 , 1.2
. (2¢ ) 40 mL
¢ 1), HA:Pb  KCI: , (30 £2) remin”'
Pb HA Kl , 2 (18 £2) h, , ,ICP-MS
GBW08607 ,
2 HA Kl
Table 2 Proportion of HA and KCl in the remediation of heavy HA  KCI
metal contaminated soil HA KCl
W(HAY: n(Tb) n(KCl): n(Pb) ’
0 0.5 I 2 , ¢ ,
0 0:0 0.5:0 1:0 2:0
: S S W) e
4 0:4 0.5:4 1:4 2:4 W,
8 0:8 0.5:8 1:8 2:8 L , W, TCLP ,
W, TCLP
5 HA (HA: Pb 0.
1.2.4.8), 2 ¢ HF-1 HF-2 2
0, 0.0125, 0.025, 0.05, 0.1 ¢ 0. 2.1 N TCLP
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1 . HF-1_ HF-2 . . , (1)
1248.67. 1378.00 mg-kg™ (2) , X
10.29. 9. 11 mg-kg™'. 2 . (2)
U8 (Pb:300 mg-kg ™', Cd: , KCI: Pb
0.6 mg-kg™'; 6.5<pH<7.5) 4 4.6 17 0.0.5.1.2 ,HA (HA:Pb
15 0.1.2.4.8)
"1 (Pb:26 mg-kg™'; Cd: 0.081 mg-kg™') 48 1 , ,
.53 127 | 112 TCLP 2 HF-1_ HF-2  TCLP HA
TCLP R HA: Pb 8
TCLP 21(5 mg-kg™') 21 .24 KCl: Pb 2 , HA:Pb:KCl 8:1:
TCLP 2  ,HF-1 HF-2  TCLP
270.5 mg-kg™') 13 11 83.3% 97.27%.HF-1 HF-2  HA
2.2 KCl ,HA 0.2.4.8 , KCl
B HA , TCLP . HF-
N . KC1 1. HF-2 HA 8 ,KC1
(KCI: Pb 0.0.5.1.2) ,HA 6.26% 0.33% . ,
TCLP N HF-1 HF-2 2 ,KCl
3 HA: Pb 0.1.2.4.8 HA HA
TCLP —
B 120 - (2) HF-1 8 KCL: Pb-0
£ 00 e a KCl: Pb-0.5
3 KCl HA TCLP el 7
N € 80
a
% 60
Table 3 Correlation coefficients between the HA and TCLP extraction ﬁ 40
lead and cadmium in different additions of KCI A 20
n(KCl): n(Pb) = 0
n(HA): n(Pb)
0 0.5 1 2 * 140
0 -0.943** -0.958"* -0.937"* -0.961"" %z 120
1 -0.971** -0.976"* -0.963"* -0.979"* m]%{ 100
2 -0.843 " -0.840 " -0.842 " -0.844" fxg 80
4 -0.983"* -0.981°" —0.980"° —-0.983"" & o
40
1) %« % % p<0.05 p=<0.01 , n=5 i
ﬁ 20
3 JHA  HF-1 . HF-2 2 =0
TCLP ,
HF-1 ) HF-2 1 KCl TCLP
, , HF-1,HF-2 Fig.1 TCLP extraction lead in different additions of KCI
TCLP HA
c A s (HA +KCl)
2 E 1 HA ' TeLp
-3 KC A N ,HA TCLP
T ' ( 3). 4 HA: Pb
’ ; 0~8 KCl 2
Ca,y(PO,) (OH), + 14 H" — HE-1  HF-2 .
10 Ca* + 6 H,PO; + 2 H,0 (1) 4 Kcl HA HF-
10Y* + 6H,PO; +2X — 1 HF-2 TCLP , HA:Pb
Yo (PO,)(X), +12H" (2) 0.1.2.4.8 , TCLP
X Cl.F.OH Y KCl ) KCl
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KCl

TCLP

/%

Table 4 Fixing efficiency of TCLP extraction cadmium in different additions of KCl/%

n(KCl):n(HA) (HF-1)

n(KCl): n( HA) (HF-2)

n(HA):n(Pb)

0 0.5 1 2 0 0.5 1 2
0 0.00 3.36 6. 14 10.53 0.00 0.51 1.36 3.57
1 7.62 8.19 17.11 18.71 11.73 10. 88 11.22 11.94
2 5.12 13.30 16.23 20. 03 21.43 21. 60 22.45 23.81
4 14.77 22. 66 24.12 27.78 35.88 37.07 37.41 38.27
8 28.22 30. 99 34.65 35.96 56.97 55.95 56. 12 57.82
,KCI: Pb 2 ,HF-1 HF-2 127 112 TCLP
5 HA TCLP (TCLP)
10.53% ., 11.09% ., 14.81% . 13.01% . 21 24 13 |11
7.74% 3.57% . 0.21% . 2.38% . 2.38% . (2) HA  KCl
0.83%. KCl: Pb: HA  2:1:8 TCLP ,HF-1 HF-2 N
HF-1 HF-2  TCLP 83.3% . 97.27% 35.96% .
, 35.96% 57.82%. 57.82% ; HA: Pb 0~8 s
, (HA +KCl) HA TCLP
R TCLP . HF-1  TCLP
,KCl1 R HF-2 TCLP
HF-2,KClI HF-1 .
(  HF-1 . (3) Cl- HA TCLP
6.26% . 7.74% ; HF-2 N \ , HA:Pb 8
0.33% . 0.83% ). HF-1 HF-2 , KCl1 ,KCl: Pb 2
HF-1 HF-2 N
. 6.26% .0.33% 7.74% . 0.83%.
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