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x1 LRESERSHH
Table 1 Analysis process of heavy metals speciation in soils
1 1.0000 g 50 ml 10 ml (pH7) 25C 2h 4000 r/min
20 min 5 ml
2 8ml 1 mol/L  CH3;COONH, 2h (€))
3 8 ml 1 mol/L  NaAc HAc pH 55~59 5h
()]
4 20ml0.1mol/L  NH,OHHCI  pH  25%  HAc 2~3 30 min
M
5 5ml 30% H,O, 3 ml 0.02 mol/L HNO; (85+2)C 2h
3 ml 30% H,0, lh 5 ml NH4Ac(3.2 mol/L) 20%
HNO; 30 min (1)
6 10 ml1 0.2 mol/L  (NH4),C,04 0.2 mol/L H,C,04 pH 3.25
4h (€))
7 25ml 0.2 mol/L  (NH4),C,04 0.2 mol/L HyC,04 pH 3.25
(96%3)C 30 min (1
8 50 ml 50 ml
x2 LIREAREUMER
Table 2 Physicochemical properties of soils
pH (g/kg)
(g/ke)
01 3.14 47.9 481.0 219.0 300.0
02 4.58 19.6 528.0 230.2 241.8
03 3.57 9.9 467.0 288.0 245.0
04 5.69 17.6 627.0 182.0 191.0
05 5.58 9.1 623.0 171.5 205.5
(04) pH Cd
pH 2 Cu Zn Pb
05 pH 5.8 Pb 2
5 (241.70 mg/kg)
9.1 ~ (115.73 mg/kg)
479 gkg 01 Cu Zn Cd
5 Pb
50% (]
04 20% pH
3 3 pH 523
2.2 pH  7.54
(01 03) (02) Cd Pb Cu Zn Mn
(04) (05)4 5
2 Cu Zn Cd Pb 5
01 03
02 04 05
Cd Pb Cu Zn
1.75 ~10.51 Pb
3 Cu Zn Cd 2 5
(GB 15618-1995) Mn (201
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=x3 EWKkpHREELES=@Wg/L)
Table 3 The pH and heavy metal concentrations of irrigation water
pH Cd Pb Cu Zn Mn
7.54 0.9 11.56 12.18 187 439
5.23 64.26 260.6 350.73 2065 2162
1400 f 77 01
2 =
ED 800 F M
600 | n
2 400f
= 20f Cu Zn Cd Pb (P<0.05)
& T [21]
5 4 _ Mn
{mf 3 - Cu Pb Zn Cd
Y [22]
i .
R
h M
oL \ n
Cu
=R Mn
B2 KHIEEEERE (Cu-MnO,) 4 pH
Fig. 2 Heavy metal contents in agricultural soils
Cd Cu Zn (P<0.05) Mn
Mn (P<0.01) pH
Cd Cu Zn
Mn (P<0.05)
Cd Cu Zn
Mn
2.3 Cd Cu Zn (P<0.05)
SPSS10.0 5 Pb Mn
pH Cd Pb Cu Zn Mn
Pearson 4 Cd Cu Zn (P<0.01) Mn
Pb (P<0.01  P<0.05) (23241
(As Hg Cd Pb Cu Zn
Cd ) Cd Cu Zn Pb
x4 LTIRETERES pH. BAHRURNMAN Z B BE X R (n=15)
Table 4 Pearson correlation coefficients among soil heavy metals, pH, organic matter and mechanical composition
Cd Pb Cu Mn Zn pH
Cd 1
Pb 0.665 1
Cu 0.999** 0.680 1
Mn —0.866 —0.902* —0.881* 1
Zn 0.981%** 0.649 0.987** —0.875 1
pH —0.920%* —-0.830 —0.929* 0.977** —0.904* 1
0.810 0.119 0.803 —0.488 0.829 -0.594 1
-0.797 —-0.869 -0.814 0.978** —-0.799 0.968** -0.422 1
0.465 0.913* 0.492 —0.844 0.490 -0.746 —0.031 -0.875 1
0.947* 0.587 0.947* —0.848 0.918* —0.935% 0.801 —0.844 0.479 1
ok P<0.01 * P<0.05
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x5 HEYESHAELENSEmgke)

Table 5 Heavy metal concentrations in various parts of plants

Cd Pb Cu Zn Mn
(o1) 0.27 £0.02 29.15 +0.66 26.24 +1.19 58.39 +£5.94 73.55+4.14
0.72+0.01 235.75£7.47 630.32 £4.56 178.51 £7.79 102.18 £3.92
(02) 0.21 £ 0.02 9.54+4.33 11.67 £2.35 46.55 +3.78 258.33 +10.34
1.77+0.25 321.54 £56.06 343.01 £62.13 170.21 £ 34.61 232.54 £ 38.03
(03) 6.62 £ 0.24 9.91 £ 0.03 10.26 = 0.45 133.01 + 11.45 627.12+13.19
10.85+£0.14 328.61 £0.80 186.30 = 16.86 244.88 +3.94 124.31 £15.76
1.33+0.07 22.16 £0.59 6.95+0.03 39.49 +3.50 28.70 + 1.44
(04) 1.64 +£0.01 7.50 = 1.51 19.21 £ 1.52 109.31 £5.07 492.44 +18.78
5.34+0.37 236.75 +7.58 179.78 + 4.43 234.16 £ 6.04 176.08 + 3.89
0.43 £ 0.02 17.87 £ 1.30 5.34+0.85 36.12+£2.22 19.25+ 1.11
+
(03) Pb Cd Cd
(04) 03 Cd 04 2
3.09 03 04 Cd Cd Cu Zn Mn
( 3 03
Pb Cd NY861- 1
2004 (Pb 0.4 mg/kg Cd 0.2 mg/kg) 4) Mn Cu Zn Cd Pb
Pb 03 04 54.42
43.67 Cd 5.65 1.15 5 (04)
Pb Cd (03) Cu Zn 03 04
(NY861-2004) 03 04
Pb Cd 54.42
Cd 43.67 565 115
5)
3
1))
2 pH 3.14 3.57
pH
2) Cd Cu Zn Pb [ . .
Mn Cu Zn Cd Pb (3.
Cu Zn Cd Pb , 2012, 31(6): 1097-1103
(2] , , .
Mn [J]. , 2013, 40(2): 636-643
(3] , 5 5
3 Cu Zn Cd 1. i
(GB 15618-1995) 2014, 33(8): 1231-1238
Cd 2 2 [4] ) , .
Pb 1. , 2013, 45(6): 1028—
1035
(241.70 mg/kg) (115.73 mg/kg) 5] ’ ’ ,
1. , 2013,

3) 5

45(6): 1036-1047
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Characteristics of Heavy Metal Pollution in Agricultural Soils
and Bioaccumulation in Plants of Dabaoshan Mine

ZHANG Han, JIN Qingwen, HUANG Renlong, LIN ning, JIA Zhenzhen, SHU Yuehong
(School of Chemistry and Environment, South China Normal University, Guangzhou 510006, China)

Abstract: The distribution and cumulative characteristics of heavy metals in agricultural soils caused by mining activities
are different. Samples of agricultural soils and plants were collected from 4 districts according to the sources of irrigation water,
that is, sewage irrigation area, clean water irrigation area, natural remediation area and contrast area. The contents of extractable
fractions of Cd, Pb, Cu, Zn, and Mn, soil physical-chemical properties and heavy metal contents in plants were analyzed. The
results showed that: 1) The contents of Cd, Pb, Cu and Zn were the lowest in the contrast area and highest in the sewage irrigation
area, which were 1.75-10.5 times of those of clean water irrigation area and natural remediation area. The contents of Mn in all
soil samples were nearly the same. 2) Significant correlations existed among Cd, Cu, Zn and Pb, while significant negative
correlations existed between Mn and other 4 heavy metals. Moreover, correlation analysis indicated that soil pH played a
significant role in the contents of environmental available states of the studied 5 heavy metals. Soil organic matter content and
mechanical composition also affected the contents of heavy metals in soil. 3) Residual fraction was the major fraction of all the 5
heavy metals and organic matter binding fraction was relatively high in all the sampling sites. The contents of environmental
available state of Cd were about 2 times those of other studied heavy metals. 4) The contents of Mn, Cu, Zn, Cd and Pb in rice
were lower in clean water irrigation area than those in sewage irrigation area. The contents of Cu and Zn in rice were within the
standard limits in NY861-2004, while those of Pb and Cd far exceeded the corresponding limits. 5) The heavy metals in clean
water irrigation area and natural remediation area exhibited significantly lower risk of soil pollution and human health. The data
will provide scientific basis in mine environmental pollution control.

Key words: Dabaoshan; Soil heavy metals; Fraction; Plants
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