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Effect of Chlorine and Phosphorus on Water Soluble and Exchangeable Lead in a

Soil Contaminated by Lead and Zinc Mining Tailings
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(1. College of Environmental and Resource Sciences, Zhejiang University, Hangzhou 310029, China; 2. Department of Environmental Science
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Abstract: Effect of chlorine on in situ lead immobilization using phosphorus in a soil contaminated by lead and zinc mining tailings was
evaluated. The results showed that water soluble and exchangeable Pb were reduced by 92.0%-95.1% in the soil after P application. It was
also suggested that application dosage of phosphorus at the P/Pb molar ratio of 0.6, was enough to remediate Pb toxicity in the soil. Compared
to without Cl treatment at the level of molar ratio of 0.6 P/Pb, water soluble and exchangeable Pb in the soil treated with Cl was reduced
markedly. It was concluded that the effects chlorine addition on in situ lead (Pb) immobilization using phosphate were improved. Visual
MINTEQ model was employed to figure out Pb and P species distribution and saturation indices for minerals in the soils treated by P and Cl.
The results showed that Pb activity was controlled by lead phosphate in the soil, especially pyromorphite [ Phs (PO, ); C1], which would be the
reason for Pb bioactivity reduction in the soil after application of Cl and P. The effective Pb bioactivity reduction indicated that addition of Cl
was necessary to to improve in situ lead immobilization using phosphorous in the lead-contaminated soil.
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Table 1 Properties and heavy metal contents of the tested soils
iH pH MR/ gokg™! A4 /mgekg ™! A48 /mgokg ™! A4 /mgekg ! A4 /mgekg ™!
PR 1 5.51 21.8 16 362 871 5.81 103
P %K — prfils) <6.50 250 200 0.30 50.0
WA L3 Sl 24.5 84.8 0.20 19.8
2 REIRIT
Table 2 Experimental design
P Cl
Ak RS Code PIPb IR R LRl Code CI/Pb WA L 3eh s
JFER EE LA L fmge kg ™! FEIR AR B /mge kg ™!
T0 0 0 0 0 0 0
T1 1 0.6 1470 — — —
T2 1 0.6 1470 1 0.2 561
T3 2 1.8 4410 — — —
T4 2 1.8 4410 2 0.6 1683
TS5 3 3.6 10 820 — — —
T6 3 3.6 10 820 3 1.2 3366

1.3 W5E ik

Fi97 30 d Ja I L AR S T R (PO I BA N U
EIRAF KIS A2

IR AE B0 4% LK IO B, R IRD
1: 100025 17K, fEZE W F 3% 2 h 5, 50 30 min,

EIEWH 0.2 pm SEIEIE UE S, A SR AR
THe A W B R, f K 1210 A0 0.1
mol*L.™" CaCl, ¥ (pH=7.0), %% 1 h Ji7, &L 30
min, 18, B VS AR
IKEESPEHR A PH* Zn®* v G2 K VAP



1726 7N 53

F} 2% 29 &

Mg \Fe'*  Ca’* PO, WL 1CP W& . g o 78
RE 10 /NI A o D) P AR A AT I &5 2R, DALt ORI
ERGRE . A 75 = H DX-500C 36 [ED & 1 0 3%
JE K AR U pH M Sartorius Professional Meter
PP-15 CHl [E ) W 52 . b & B 18 B4 O\ Visual
MINTEQ #84(2.5 WA THE . AE AR A v 5 e - 480K
W) Ph A P I EEAEAE B A A (DA (2)
5'?;%’5[1‘4’17],
Total Pb = Pb** + PbOH* + PbCI*
+ PbH,PO; + PbHPO,(aq) (D
Total P = HPO;” + H,PO; + FeHPO; + AIHPO;
+ ALPO;* + CaH,PO; + PbH,PO; + KHPO;
+ CaHPO,(aq) + MgHPO,(aq) + CuHPO,(aq)
+ PbHPO,(aq) + ZnHPO,(aq) + KH,PO,(aq) (2)
A A R BB IR B A By AA6800 i
T A 5E
T E S R TR 0 A E AT R HNO, -
AT I H A B AA6800 Jit 1~ W e A3 il e . 1 458
(1015 AR A A U B ) )
1.4 a5t
ST N B (ACD = B IR AT I S8 1 =
- R E LKW TP AR T =
— X CCKO T K P I & 1 =
KA 5% H Visual MINTEQ #5254 (2.5 Wit A< . AH K
Gk B R H SPSS #AT 12.0 WA . Ak B2 8] (1
FR0 K 18D VAR Duncan #7560 AH 45 A, B /K
P4 p<0.05.

2 HZR5IE

2.1 R INEEANGURT T pH R I W 1 52 e
VSN KH, PO, J& ¥ 35 pH 2846 J7 22 43 #7 45

DLE 1 BRI B K P, B4t T
pH, KH, PO, & R0 55 2 &1, 7S i 2] 38 )5, 322
PLH,PO, B T IESAFLE, 0l fese H,PO, AT Hefift
TR BAE - A ¥ OH i 51 Y 3 pH 3
0 AH S, 2498 0 R S R v A B AKCSF P, )
FHLE, 210 5 BRAR T 4% pH. — A v e BT
—UrBHES 7 K™ 1 BE ) 3, A 4 i W T R B A
BEfAR b0 1Y L 5 —TJ7 1, v BEE TR R B
S ERE T W ST I A B R N Y1 ) A AT, H
G, P BT I pH IR s 45 Rk R
B, AH R P s B KT, Il S AN IS B, Vs
THRE TR B T 5 pH, T HAEAK

13 pH
wn
N
T
o

52 |

5.0 I I 1 1 | I
TO T1 T2 T3 T4 TS T6

P vpr g BEAN R 2 s A B (0] A7 e 25 2 e, - BRI R R e
Tl 25, R
1 RMEBFIERS 1% pH BRI

Fig.1 Effects of P and Cl~ treatment on soil pH values
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Fig.2 Effects of P and Cl~ treatment on water soluble P in the soil
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Table 3 Effects of P and Cl~ treatment on reduction of soil water soluble

and exchangeable Pb concentration

T RS AT R
PhINEE BREEALL VA
s opood (X+$) 1% (X8
/mg'kg’1 /mg'kg’1
T0 0 0 343 £37° 0 —
Tl 1 —  27.3x3.0 92.0 —
i) 1 1 20.8 + 3.4 94.0 186 + 5°
T3 2 — 23235 93.2 —
T4 2 2 12.4+0.4° 9.4 421+ 12
T5 3 —  17.0%1.5¢ 95.1 —
T6 3 3 5.5+0.2 98.4 791 + 15°
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