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Abstract: The concentrations of 9 heavy metals in the surface water ( including leachate) soil and
plant samples around a landfill located in Zhangzhou City were analyzed to investigate the variation of
the total amount of heavy metals with seasons. Results showed that the total concentrations of Cd As
in the soil and plant and Zn As in the surface water were higher in winter than in summer while
the variation in summer was stronger than that in winter. The content of total Hg in leachate in
summer was significantly higher than that in winter while the other heavy metals changed little. The
contents of all heavy metals in the surface water and leachate samples were lower than the Fifth class
of National Surface Water Environmental Quality Standard and the second class of Wastewater
Discharge Standard respectively. The pollution of Cd As and Pb in soil was more severe than other
heavy metals and reached the degree of serious pollution especially in winter which was obviously
heavier than in summer. The ability of plant enrichment in winter was stronger compared with that in

summer and the Miscanthus sinensis cv could be used as the pioneer plant for heavy metal pollution
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due to its stronger accumulation ability to Cd in the future.

Keywords: landfill seasons heavy metals pollution evaluation plant enrichment.
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Table 1 The types of plant samples
Plants Latin name Genus Type Number
Morus alba L P1.P7.P13
Amygdalus persica L P2.P8.P15
Musa nana Lour P3.P9
Bambusoideae P6.P11.P16
Miscanthus sinensis cv P4.P10.P14.P17
P5.P9.P18

Glycine soja Sieb. et Zucc

1.2
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Fig.1 The sampling sites of study area
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Table 2 Classification standard of soil pollution

Soil level

Pollution load index Pollution level

Degree of pollution
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P<0.7

0.7<P<1.0

1.0<P<2.0

2.0<P<3.0 N
P>3.0 N
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2 ( Results and discussion)
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Table 3 The concentration of heavy metals in the surrounding environment of landfill in summer
( Types) Hg Cd As Ni Pb Cr Cu 7Zn Mn
Surface water Minimum 0.011 0.027 1.33 0.58 2.94 19.34 8.57 11.53 20.69
Maximum 0.124 0.079 3.18 17.58 7.23 53.24 25.96 80.15 1367
Average 0.043 0.049 1.82 4.43 4.48 26.44 13.08 37.01 372.0

- . 1.06 0.44 0.43 1.66 0.37 0.57 0.56 0.69 1.52
Coefficient of variation

Control 0.023 0.052 1.37 1.90 7.23 20.23 10.60  80.15 113.5

Soil Minimum 0.037  0.088 10.04 3.83 27.06 6.82 13.64  44.74 175.9
Maximum 0.143 0.260 14.96 17.85 38478 48.78  41.88 151.33  495.8

Average 0.080  0.137 11.78 11.40  88.73 27.26 2627  69.44 373.5

0.52 0.38 0.14 0.47 1.26 0.46 0.37 0.47 0.31

Coefficient of variation

Control 0.14 0.15 14.96 4.85 39.87 17.42 13.64 63.79 252.8

Plant Minimum 0.003 0.008 0.22 0.40 1.17 14.15 7.62 40.39 17.13
Maximum 0.185 2.309 1.58 7.80 13.79 20.76 16.40  75.41 10822

Average 0.079 0.214 0.63 1.79 5.15 16.05 11.18 54.68 1371

.. L. 0.70 2.53 0.51 1.02 0.73 0.08 0.25 0.15 2.02
Coefficient of variation
30

0.3 4 10 30 50 1 100 160 400

Critical value of heavy metals in plants
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Table 4 The concentration of heavy metals in the surrounding environment of landfill in winter
Types He cd As Ni Pb Cr Cu Zn Mn
Surface water Minimum 0.022 0.112 2.34 0.77 7.19 12.58 23.43 194.8 42.64
Maximum 0.035 0.261 5.92 5.50 9.84 15.91 38.09 335.6 1429
Average 0.026 0.166 4.08 1.99 8.07 14.01 27.54 269.8 385.4
Coefficient of variation 0.21 0.39 0.34 1.01 0.14 0.09 0.22 0.21 1.55
Control 0.022 0.13 3.30 1.97 8.51 14.43 23.70 194.8 70.40
Soil Minimum 0.030  0.087 11.60 4.09 68.56 5.14 19.20  63.88 338.0
Maximum 0.096 1.043 64.59  45.16 7359 7329  45.67 2242 1211
Average 0.061 0.522 47.38 15.78 161.3 31.02 31.19 113.9 644.8
Coefficient of variation 0.39 0.56 0.42 0.78 1.34 0.65 0.30 0.42 0.49
Control 0.077 0.29 25.55 9.35 73.71 21.73 19.20 119.2 543.7
Plant Minimum 0.024 0.069 2.30 0.12 3.47 6.59 19.87 145.1 38.66
Maximum 0.185 11.98 46.06 35.53 37.57 28.48 151.1 455.8 8693
Average 0.087 2.216 16.34 3.82 11.54 16.95 64.79 300.8 1285
Coefficient of variation 0.66 1.12 0.65 2.03 0.66 0.37 0.56 0.25 1.86
30
Critical value of heavy metals in plants 0.3 4 10 30 50 ! 100160400
oo N peeL™! N mgekg™'.
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Fig.2 The concentration of heavy metals in leachate in winter and summer
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Fig.3 The single pollution index of heavy metals in soil in winter and summer
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Fig.4 Distribution of the pollution load index of heavy metals in soil
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Table 5 The bioconcentration factors of plants in winter and summer
Mus Miscanth Glycine soj:
Morus alba L. Amygdalus persica L usa nana _Ls“”?t u . yene soja Bambusoideae
Lour sinensis cv Sieb. et Zuce
S W S W S W S W S W S W
Hg 0.94 2.74 0.66 0.97 2.09 0.80 0.67 6.11 1.63 0.94 1.42 0.30
Cd 0.13 3.25 0.22 0.70 0.05 2.59 0.07 3.73 0.87 2.35 0.37 1.42
As 0.03 0.28 0.06 0.18 0.02 0.29 0.05 0.40 0.04 0.30 0.05 0.20
Ni 0.06 0.07 0.06 0.28 0.51 0.09 0.04 0.03 0.16 0.37 0.06 0.13
Pb 0.03 0.12 0.12 0.04 0.02 0.11 0.07 0.22 0.01 0.01 0.10 0.10
Cr 0.38 0.57 0.66 0.68 0.50 0.23 0.51 0.18 2.28 3.34 0.44 0.76
Cu 0.44 4.27 0.19 0.75 0.38 1.73 0.21 2.41 0.58 1.21 0.39 0.72
Zn 1.01 3.62 0.74 2.85 0.67 3.92 0.66 4.27 0.39 1.48 1.01 3.83
Mn 0.21 0.22 1.06 0.10 22.65 3.39 0.13 0.08 0.99 0.13 0.75 1.91

S\W (S Summer; W Winter) .
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