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Local Variation and Environmental Risk of Heavy Metals in Black Soils from the Northeast of China
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Abstract: The levels of 8 heavy metals from 191 soil samples obtained from typical black soils in Northeast of China were analyzed in
the present survey. The results showed that the concentrations of Cu, Zn, Cr and Hg in Hailun were higher than that in Gongzhuling
and Beian, respectively. The concentrations of Pb showed an order: Gongzhuling> Hailun> Beian. The contents of the heavy metals
in subsoil were lower than those in topsoil and varied according with them at different sampling areas. The levels of Cu, Zn, Crand
Hg in bean soil were higher than those in corn soil and fallow, respectively, while the order of Pb, Ni, As and Cd were: corn soil>
bean soil> fallow. Asa whole, the concentrations in the farmland were higher than in the fallow. In addition, Cu, Zn, As, Pb had
the significant positive correlation with total phosphorus and the negative correlation with total potassium in Gongzhuling. The con-
tamination caused by the heavy metals and the potential eco —risk of the regions ranked in the following order: Hailun>
Gongzhuling> Beian. There was a light pollution in Hailun, potential pollution in Gongzhuling and the soil in Beian was cleaner than
that in other two areas, while a severe environmental risk induced by Cd, As and Hg was found in three sampling areas.
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Table 1 Distribution variation of the heavy metals in different black soil regions

. ) RS T b
L WH 0~20 cm 20 ~40 cm 0~20 cm 20 ~40 cm 0~20 cm 20 ~40 cm
Cu A A 18.01 £4.63 18. 64 +4.77 23.10 £2. 64 18.89 +3.75 19. 82 +4.74 19.39 +4. 31
AR 10.56 ~35.24  11.46 ~29.50 15.56 ~29.21  10.52~27.63 10.50 ~32.98  11.00~31.75
5 R 25.71 25.61 11.45 19. 83 23.89 22.23
Zn 6 (L 68.94+18.11  62.3113.98  111.54+39.96 106.20+26.92  75.86+20.66  67.40 12.03
AR 37.24 ~143.15  39.73~96.21  48.99~237.81 54.93~149.80 51.50~132.63 43.74~89.74
55 R 26.27 22.44 35.83 25.35 27.24 17.86
Pb K L 26.00+4. 13 25.49 +4.93 18.33 6. 63 17.22 £7.05 14.78 +4.50 14.15£2.98
Al 10.29~33.96  12.43 ~32.51 6. 14 ~30. 64 6.09 ~28.93 6.97 ~27.34 7.61 ~19.25
5 R 15.88 19. 36 36.17 40.93 30.43 21.08
Cr LioRUN(EN 53.37£11.30  52.43+11.28 58.68 + 6. 43 60.58 +7.09 45.07 £7.58 44.87 +7. 68
A 28.73 ~76.94  29.74~69.92 39.87~70.93  38.96~70.82 31.48 ~65.48  27.24 ~55.98
AR S R 21.17 21.52 10.95 11.71 16. 83 17.11
cd Ao UL 0.12 +0.03 0.10+0.02 0.11+0.04 0.10 £0. 04 0.10+0.03 0.09 +0.03
S 0.05~0.19 0.06 ~0.15 0.03~0.23 0.03 ~0.20 0.05 ~0.20 0.05~016
5 R 26. 46 23.54 36.03 36.19 25.76 31. 46
Ni LioaUN(EN 33.23+7.75 29.57+5.76 30.08 +3. 84 19.78 £5.18 24.33 +4.30 24.10 +4. 56
AR 18.20 ~52. 09 17.77 ~4.25 18.83 ~38.58  18.01 ~38.40 11.35~34.89  15.44 ~35.89
AR RE 23.33 19. 49 12.78 17. 40 17. 68 18.92
As Ao UL 17.52+2.26 16.39 +2. 50 15.94+0.98 16.29 1. 14 12.30 £2.09 11.90 = 1. 64
S 11.20~25.26  9.87 ~19.90 11.19~18.51  13.10~20.07 7.14 ~15.50 8.75~15.95
5 R 12.91 15.28 6.11 7.00 16.99 13.83
Hg CORIRIER 0.04 +0.02 0.04 0. 02 0.18 +0.05 0.15+0.03 0.02 0. 10 0.02 +0.01
AR 0.01~0.11 0.01 ~0.09 0.05~0.30 0.03~0.15 0.01 ~0.04 0.01 ~0.04
55 R 28.13 57. 64 30. 17 37.06 27.24 25.65
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Table 2 Distribution variations of the heavy metals in black soils

under different cultivations

ok KL St b
Cu i  18.47+4.68  22.24+3.60 19.79 5. 00
A2 10.56 ~35.24  14.49~32.98  10.50 ~26. 50
RAL Y4 25.34 16.18 25.29
Zn  KEUNMH 73.09£21.06 101.77 £40.72  76.16 £29. 87
SR 37.24 ~143.15 48.99~237.81 51.11~161.13
5 R 28.82 40. 02 39.23
Pb KRIN{H  24.81+4.89  17.43 +6.40 12.33 +£5.31
A2 10.29~33.96  6.18~30.64  6.14~25.29
R Y 19.73 36.71 43.04
Cr  KIfH  53.33+11.46 54.08=8.76  48.65=11.50
S 28.73~76.94 31.48~70.93  32.23 ~66.95
5 R 21.48 16. 20 23.63
Cd  fifE 0.11+£0.03 0.11 £0. 04 0.08 +0.22
A2 0.05~0.19 0.03 ~0.23 0.03~0.12
R Y 26.97 33.72 29. 14
Ni KM 32.76+7.58  28.49x4.73  23.88+5.83
S 18.20~52.09 14.17~38.58 11.35~30.19
5 R 23.43 16. 62 24.43
As  RRME 17.11%2.40  14.57+2.33 13.65+2.64
A2 9.06~25.26  8.64~18.51 7.14 ~16.75
R Y 14.05 15.98 19.32
Hg  Fify 0.05+0.02 0.9+0.03 0.07 +0. 02
S 0.01~0.13 0.06 ~0. 11 0.02~0.12

A5 R 40. 00 33.33 19.93
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Table 3 Correlative coefficient of the heavy metals with soil basic properties in different regions

ik FHLC 4N 4P 4K R p R K pH
= Cu 0. 130 0.193 0. 186 0.355"" -0.287" 0.172 0.307"* 0. 069
Zn 0. 085 0.091 0.075 0.295" -0.316"" -0.177 -0.020 0. 008
Pb 0.011 0.293" 0.294" 0.258" -0.385"" -0.012 0. 141 0.014
Cr -0.091 0.192 0. 185 0. 167 -0.140 -0.149 -0.018 0. 140
cd -0.099 -0.186 -0.226 -0.212 0. 0489 -0.162 -0.168 0.012
Ni -0.077 0. 001 -0.023 -0.029 0.108 -0.167 -0.055 0. 099
As 0.382"" 0.419"* 0.419"* 0.318"* -0.590" " 0. 064 0. 148 -0.055
Hg 0. 043 0.177 0.218 0.161 0. 052 -0.067 0.113 0.031
e Cu 0.168 0. 101 0. 098 0.258~ -0.112 -0.062 -0.005 -0.005
Zn 0. 096 0. 068 0.073 0.112 -0.238" 0. 089 -0.036 -0.047
Pb 0. 088 0.043 0. 102 0. 108 -0.018 0.053 0.057 0. 068
Cr 0.018 0. 132 0. 150 0.190 -0.218 -0.258" -0.105 0.028
cd 0. 148 0.125 0. 150 0.231" -0.103 0. 102 -0.062 0.289"
Ni 0.051 0. 028 0. 056 0. 164 -0.151 0.071 0. 104 0.203
As -0.088 -0.186 -0.180 -0.160 0. 067 -0.022 0. 100 -0.082
Hg 0. 086 0.082 0.113 0.072 0. 055 0. 199 0. 189 0. 144
Je% Cu 0.051 0.073 0. 059 0.108 -0.050 0.183 0. 156 -0.170
Zn -0.215 -0.020 -0.052 -0.054 -0.001 0. 153 -0.023 0. 023
Pb 0.012 -0.355" -0.336" -0.217 0.330" 0. 166 0. 090 0.051
Cr -0.057 -0.091 -0.125 0. 085 -0.065 0.087 -0.115 0.010
cd 0.226 0. 029 0.041 0. 127 -0.082 -0.351" 0.071 -0.280
Ni 0. 147 -0.212 -0.211 -0.069 0. 103 -0.161 0. 185 -0.115
As -0.001 -0.089 -0.096 -0.125 0. 200 -0.040 -1.147 0.120
Hg -0.087 0. 090 0.084 0.077 -0.190 -0.022 -0.107 0.003
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Table 4 Environmental risk assessments of the heavy metals in dif-

ferent black soil regions

FEIX Cu Zn Pb  Cr Cd Ni As Hg

ANFEW P 0.60 0.69 0.87 0.59 0.77 0.95 1.17 0.41
Ei  3.60 2.07 6.93 2.37 34.50 3.80 18.68 20.50
Pec 0.98
Ri 92.46

WME P 0.77 1.12 0.61 0.65 0.75 0.86 1.06 1.81
Ei  4.62 3.35 4.89 2.61 33.60 3.44 17.00 90.50
Pe 1.45
Ri 160. 00

b P 0.66 0.76 0.49 0.50 0.65 0.70 0.82 0.23
Ei  3.96 2.28 3.94 2.00 29.10 2.78 13.12 11.50

Pc 0.72
Ri 68. 69
4 L5
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