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Abstract: The soluble and exchangeable fractions of Pb in the tea garden soils are the most important pools regarding
toxicity and bioavailability of Pb to tea plants. Thus, it is very important to reduce Pb solubility and bioavailability in
Pb-contaminated tea garden soils. Reducing Pb solubility and bioavailability in contaminated area without removing it
from the soil is one of the common practices in decreasing the negative impacts on the crops and improving the soil
quality. Therefore, the aim of this work was to study the effect of natural minerals: kaolinite, bentonite, zeolite,and
apatite applied to Pb-contaminated tea garden soil on water extractable and exchangeable forms of Pb. A soil derived
from Pb contaminated tea garden was incubated with clay minerals of either kaolinite, bentonite, zeolite,or apatite, for
100 d. During the incubation experiment, concentrations of exchangeable and water soluble Pb in the soils were
measured. Water extractable and exchangeable forms of Pb were changed by incubation and addition of minerals. The
addition of clay minerals led to a significant decrease in water soluble and exchangeable forms of soil Pb during the
incubation experiment, resulting in low Pb extractability. The reduction in Pb extractability decreased in the order of
apatite > zeolite > bentonite> kaolinite, and increased with increasing applied amount of the minerals and decreasing
size of the minerals. The reduction in water soluble Pb due to the addition of the minerals was greater than that of
exchangeable Pb in the soils. Our results clearly show that the use of natural minerals, especially of apatite and zeolite,
is promising tool for reduction the availability and possible toxicity of Pb in Pb-contaminated tea garden soils.
Therefore, the soils polluted with Pb may be ameliorated by addition of clay minerals, especially apatite and zeolite.

Recommended amount of minerals for ameliorating Pb-contaminated soil is 20 g/kg.
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1.2 $EFRXE

BRI 2 MK IERAER, 4 BT Y
HKH . 2 AIKFMT WIMAERM 2 MRFINE
YL, R ARRAT YR,
HiF2xdax2x242=34 b (HFE1) ., 2
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MABESFIMETFLEERKN 20 gkg 50
g/kg; 21BN T YAELLES T 18 B
(<1 mm)F1 100 H(<0.125 mm), ETYMAL
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2mm LHHFRMESE, FATOMARE,
B-LEMTUMARBALESN 300g, &E
H3Kk. MAZRKT YR, RAOBIERL,
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Table 1 Effects of mineral addition on soil exchangeable Pb

TYEY  SMppo i TYmMAR(g/ke) #EE(H) A#7 Pb Exchangeable Pb(mg/kg)

Mineral type Pb added(mg/kg) Amount of mineral added Size 10d 20d 50d 100d
X} #8 Control 0 0 / 27510000 a2 2.64(100)a 2.96(100)b 2.83 (100)a”
(=1 0 20 18 2.50(90.91)ab  2.36(89.39)b  2.29(77.36) 2.17(76.68)b
Kaolinite 0 20 100 2.34 (85.09)b  2.24(84.85)b  2.25(76.01)b  2.14 (75.62)b
0 50 18 2.35(85.45)b  2.26(85.61)b  2.21(74.66)b  2.11(74.56)b
0 50 100 2.23(81.09)b  2.10(79.55)b  2.06(69.59)bc  2.02 (71.38)b
;2R 0 20 18 1.88(68.36)bc  1.74(65.91)bc  1.72 (58.11)c  1.68(59.36)c
Bentonite 0 20 100 1.78 (64.73)bc  1.67(63.26)bc  1.33(44.93)d  1.54 (54.42)c
0 50 18 1.83(66.55)bc  1.67(63.26)bc  1.57 (53.04)cd  1.50(53.00)c
0 50 100 1.67(60.73)c 1.48(56.06)c  1.43(48.31)d  1.40 (49.47)cd
2o 0 20 18 1.62(58.91)¢c 1.40 (53.03)c  1.37 (46.28)d  1.33(47.00)d
Zeolite 0 20 100 1.55(56.36)c 1.36(51.52)c  1.29(43.58)d  1.25 (44.17)de
0 50 18 1.49(54.18)c 1.30(49.24)c  1.24 (41.89)d  1.23(43.46)de
0 50 100 1.41(51.27)c 1.26(47.73)cd  1.18(39.86)d  1.16 (40.99)e
BKRa 0 20 18 1.24(45.09)cd  1.11(42.05)cd  1.00(33.78)de  0.95(33.57) f
Apatite 0 20 100 1.05(38.18)d  0.88(33.33)d  0.83(28.04)e  0.83(29.33)g
0 50 18 1.11(4036)d  0.92(34.85)d  0.81(27.36)e  0.75(26.50) g
0 50 100 0.98(35.64)d  0.82(31.06)d  0.72(24.32)e  0.73(25.80)g
%} B8 Control 100 0 / 13.09(100)a 13.22(100)a 12.39 (100)a  12.14(100) a
gt 100 20 18 9.84(75.17)b  9.49(71.79)b  9.28(74.90)b  9.05 (74.55)b
Kaolinite 100 20 100 9.21(70.36)b  8.94(67.62)b  8.71(70.30)b  8.56(70.51)b
100 50 18 9.55(72.96)b  8.78(66.41)b  8.41(67.88)bc  8.13(66.97)c
100 50 100 8.98(68.60)b  8.25(62.41)b  7.78(62.79)c  7.65(63.01)c
EEt 100 20 18 7.56(57.75)bc  6.66(50.38)c  6.19(49.96)cd  5.67 (46.71)d
Bentonite 100 20 100 7.19(54.93)c 6.37 (48.18)c  5.97(48.18)d  5.54(45.63)d
100 50 18 7.00(53.48)c  6.19(46.82)c  5.74(46.33)d  5.43(44.73)d
100 50 100 6.39(48.82)c 5.74(43.42)cd  5.23(42.21)d  4.84(39.87)e
¥l 100 20 18 5.27(40.26)cd  4.64(35.10)d  4.54(36.64)de  4.32(35.58)f
Zeolite 100 20 100 4.85(37.05)d  4.34(32.83)d  4.27(34.46)e  4.11(33.86)f
100 50 18 4.91(37.51)d  4.47(33.81)d  4.27(34.46)c  3.82 (31.47)f
100 50 100 4.47(34.15d  4.11(31.09)de  3.81(30.75)ef  3.64(29.98)fg
BKE 100 20 18 3.92 (29.95)e  3.48(26.32)c  3.18(25.6T)f  2.89 (23.81)gh
Apatite 100 20 100 3.48(26.59)e 3.16(23.90)¢  2.88 (23.24)f  2.68(22.08)h
100 50 18 3.34(25.52)ef  2.68(20.2T)ef  2.09(16.87)g  1.95(16.06)i
100 50 100 2.88(22.00)f 2.52(19.06)f  2.05(16.55)g  1.79(14.74)i

H: PESAREN SHESEN IS BYES K, PR XFEFMAFEEER NG Po A RSM T MEH e AR R+
BZEXBREPOERERAEE,

Note: PData in bracket is a percentage of measured value on basis of control treatment at a same incubated time. DMeans of exchangeable Pb
followed by same letter within same Pb treatment are not significansty different by Duncan’s muliiple range test at the 0.05 probability level.
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Table 2 Effects of mineral addition on soil water soluble Pb
TYAS S Pbi TYNAR (g/ke) () KA Pb Water soluble Pb(ug/kg)
Mineral type Pb added (mg/kg)  Amount of mineral added  Size 10d 204 50d 100 d
Xt 8 Control 0 0 / 73(100)a 87(100)a 79(100)a 68(100)a
-1 5 0 20 18 62(84.93)ab  63(72.4)b  57(72.15)b  53(77.94)b
Kaolinite 0 20 100 58(79.45)b  55(63.22)bc  43(54.43)bc  46(67.65)cd
0 50 18 60(82.19)ab  61(70.11)b  54(68.35)b  48(70.59)c
0 50 100 55(75.34)b  52(59.7T)bc  41(51.90)bc  43(63.24)d
fEt 0 20 18 53(72.60)b 38(43.68)c 34(43.04)c  34(50.00)e
Bentonite 0 20 100 49(67.12)b  43(49.43)c 32(40.51)c  31(45.59)f
0 50 18 54(73.97)b 34(39.08)cd  27(34.18)cd  28(41.18)g
0 50 100 46(63.01)bc  29(33.33)d 24(30.38)d  23(33.82)h
*a 0 20 18 45(61.64)bc  32(36.78)cd  25(31.65)d  22(32.35)h
Zeolite 0 20 100 41(56.16)bc  28(32.18)d 22(27.85)d  17(25.00)i
0 50 18 42(57.53)bc 28 (32.18)d  24(30.38)d  20(29.41)h
0 50 100 38(52.05)c 23(26.44)de  21(26.58)d  15(22.06)ij
BIKE 0 20 18 41(56.16)c 24(27.59)de  22(27.85)d  18(26.47)i
Apatite 0 20 100 31(42.47)¢ 16(18.39)e 15(18.99)e  13(19.12);
0 50 18 36(49.32)c 23(26.44)de  18(22.78)de  16(23.53)ij
0 50 100 25(34.25)c 17(19.54)e 13(16.46)e  11(16.18)k
X1 H Control 100 0 / 338(100)a 324(100)a 341(100)a  328(100)a
it 100 20 18 243(71.89b)  221(68.21)b  213(62.46b)  203(61.89)b
Kaolinite 100 20 100 223(65.98)b  201(62.04)b  195(57.18)b  186(56.71)c
100 50 18 236(69.82)b  213(65.74)b  198(58.06)b  188(57.32)c
100 50 100 212(62.72)b  178(54.94)bc  180(52.79)b  165(50.30)d
gt 100 20 18 163(48.22)c  128(39.51)c  122(35.78)c  117(35.67)e
Bentonite 100 20 100 146(43.20)c  121(37.35)c  117(34.31)c  111(33.84)ef
100 50 18 149(44.08)c  117(36.11)c  106(31.09)c  102(31.10)f
100 50 100 128(37.87)cd  109(33.64)c  102(29.91)c  94(28.66)g
#a 100 20 18 133(39.35)cd  104(32.10)c  96(28.15)c  87(26.52)g
Zeolite 100 20 100 121(35.80)cd  92(28.40)cd  89(26.10)cd  73(22.26)h
100 50 18 134(39.64)cd  93(28.70)cd  78(22.87)d  64(19.51)hi
100 50 100 94(27.81)d 72(22.22)d 64(18.77)d  55(16.77i
BKA 100 20 18 89(26.33)d 63(19.44)d 54(15.84)de  53(16.16)i
Apatite 100 20 100 65(19.23)e 52(16.05)de  45(13.200e  46(14.02)ij
100 50 18 73(21.60)de  53(16.36)de  45(13.20)¢  40(12.20);
100 50 100 53(15.68)e 43(13.27)e 37(10.85)e  32(9.76)k

o VES RO S RN R E O B VIEICE M RE A R —SNR P A B & AF ORI RIS SR (9 R R Ab SR + S ALK B

P ERERFEE,

Note: UData in bracket is a percentage of measured value on basis of control treatment at a same incubated time. ?Means of water soluble Pb
followed by same letter within same Pb treatment are not significantly different by Duncan’s multiple range test at the 0.05 probability level.
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