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Abstract 4 native ornamental plants of Xuzhou Shandong Province were selected to study the remediation effects of heavy
metals in sewage sludge of Yaozhuang Wastewater Treatment Plant through pot experiments. Results showed that heavy metals in
sewage sludge had no poison to Chlorophytum comosum which grew well in the period of experiment while Calendula officinalis
L Petunia hyhrida Vilm and Viola tricolor Linn were subject to some extent poisoning effect of heavy metals. Analyzing from
accumulation property 4 ornamental plants had some effects of enriching and transfer on heavy metals but did not reach the
standard of hyperaccumulators. In the shoots of 4 ornamental plants Chlorophytum comosum had the maximum amounts of
accumulation on Cu Zn and Pb with total amounts of 258mg/plant 5.76mg/plant and 029mg/plant respectively. Calendula
officinalis L had the maximum amount of accumulation on Cd with amount of 0.200mg/plant. In the roots of 4 ornamental plants
Chlorophytum comosum had the maximum amounts of accumulation on Cu Zn Pb and Cd with total amounts of 3.12mg/plant
8.77mg/plant 029mg/plant and 0.24mg/plant respectively. Analyzing from duration accumulation property and total amounts of
accumulation Chlorophytum comosum had better phytoremediation effects than other three ornamental plants.
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Table 1 Content of heavy metals in soil and sewage sludge tested
mg/kg
Cu Cd Pb Zn
37 3.6 48 115
1190 45.8 76 2050
2
Table 2 Control limit of heavy metals in sewage sludge for
agriculture use mg/kg
Cu Cd Pb Zn
(pH<6.5) 3800 5 300 2000

(pH=6.5) 1500 20 1000 3000

1.2
2mm 1,
1:22:1.3:0 3
$=23cm H=22.5cm
6kg CK
0:3 2 N N
CK 1:2.
2:1.3:0 5
60%~70%
2008 3 15 2008 5 15
60d 15 °
1.3
105C 20min 70C
o HNO,-HCI10O,
3:1
TAS990 o
500g
100g. 120
TAS990 o
2
2.1
2.1.1
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DW .
3
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Table 3 Effect of different treatments on biomass of ornamental plants
g/plantDW
0 : 3(CK) 35.90 6.61 19.03 8.85 ’
1:2 35.09 7.12 21.07 8.21
2:1 35.97 5.57 25.68 8.77 o
3:0 38.28 4.60 21.89 9.89
CK 6.63%.11.75%
2:1 3:0 15.73%.30. 0
41% 30 .45 .60
2:1 o
34.94%, 1,
5 5r
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Fig.1 Curves of chlorophyll content of four ornamental plants vs time
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Table 4 Contents of heavy metals in four ornamental plants mg/kgDW
CK 17.0 24.1 15.9 26.8 12.5 22.3 17.4 24.1
1:2 44.5 170.6 60.2 120.3 59.6 125.6 50.4 120.3
Cu 2:1 98.5 189.5 81.3 126.3 102.3 178.6 85.8 136.9
3:0 120.3 185.6 120.3 175.3 145.8 286.3 102.5 303.2
CK 0.48 1.0 0.51 1.8 0.96 1.6 0.8 1.3
cd 1:2 2.3 4.8 3.4 11.3 4.0 6.7 3.6 6.3
2:1 3.8 7.6 4.9 13.6 6.2 8.9 7.3 10.2
3:0 4.7 14.5 9.6 17.6 7.8 12.3 11.3 14.9
CK 5.1 13.5 3.1 6.9 3.2 9.8 3.6 6.8
- 1:2 6.2 11.6 71 9.3 12.3 15.6 6.3 10.2
01 9.6 13.5 9.5 12.3 15.6 17.8 79 13.6
3:0 13.6 17.3 11.3 15.2 18.4 275 12,5 15.9
CK 44.8 90.1 42.6 69.8 21.3 44.3 35.7 78.9
7n 1:2 126.5 212.3 167.3 224.1 134.3 215.3 145.3 235.6
2:1 198.4 341.8 178.2 356.8 162.3 245.6 162.3 305.2
3:0 268.3 521.3 224.6 425.8 2453 325.6 198.6 445.2
4 Cu, 432.1mg/kg .45.9mg/kg
Zn.Cd.Pb Cd 27.2mg/kg Zn
> 789.6mg/kg.
o 222
Cu.Zn Cd.Pb
Cu.Zn Cu.Zn o
i, bioaccmulation coefficient BC
3:0
Cu.Pb 145.8mg/kg . 18.4 BC= mg/kg /
mg/kg Zn 268.3mg/kg mg/kg o
Cd 11.3mg/kg, o °
Pb 27.5mg/kg Biological Transfer Factor BTF
Zn 521.3mg/kg
Cd 17.6mg/kg BTF= mg/kg /
Cu 303.2mg/kg. mg/kg M,
Cu.Pb 5 6,
5
Table 5 The enrichment coefficients of heavy metals in ornamental plants
Cu Zn Cd Pb
1:2 0.111 0.425 0.194 0.326 0.130 0.272 0.107 0.200
2:1 0.123 0.236 0.165 0.284 0.125 0.249 0.154 0.216
3:0 0.101 0.156 0.145 0.282 0.103 0.317 0.179 0.228
1:2 0.126 0.255 0.223 0.362 0.204 0.357 0.109 0.176
2:1 0.107 0.171 0.135 0.254 0.239 0.334 0.126 0.218
3:0 0.086 0.255 0.107 0.241 0.247 0.325 0.165 0.209
1:2 0.150 0.300 0.257 0.344 0.193 0.640 0.123 0.161
2: 0.101 0.157 0.148 0.297 0.161 0.446 0.152 0.197
3:0 0.101 0.147 0.121 0.230 0.210 0.384 0.149 0.200
1:2 0.148 0.313 0.206 0.331 0.227 0.380 0.212 0.269
2:1 0.128 0.223 0.135 0.204 0.203 0.292 0.250 0.285
3:0 0.123 0.241 0.133 0.176 0.170 0.269 0.242 0.362
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Table 6 The transfer coefficients of heavy metals in ornamental plants
Cu Zn cd Pb
1:2 0.261 0.596 0.479 0.535
2:1 0.520 0.581 0.500 0.711
3:0 0.648 0.515 0.324 0.786
1:2 0.493 0.617 0.571 0.618
2:1 0.627 0.532 0.716 0.581
3:0 0.338 0.446 0.758 0.786
1:2 0.500 0.747 0.301 0.763
2:1 0.644 0.499 0.360 0.772
3:0 0.686 0.528 0.546 0.743
1:2 0.475 0.624 0.597 0.789
2:1 0.573 0.661 0.697 0.876
3:0 0.509 0.753 0.634 0.669
5
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Fig.2 Total amounts of accumulation of Cu in four ornamental plants

3:0 Cu
> > >
2.58mg/plant.2.48mg/plant. 1.37mg/plant
0.44mg/plant , Cu
> > >
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Fig.3 Total amounts of accumulation of Zn in four ornamental plants

3:0 Zn
> > >
5.76mg/plant.4.60mg/plant.2.30mg/plant.
0.85mg/plant, Zn >
8.77mg/plant
0.54mg/plant.0.16mg/plant.0.13mg/plant,

> >

Zn > >
> 14..53mg/plant |
5.14mg/plant.2.46mg/plant . 0.98mg/plant.
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Fig.4 Total amounts of accumulation of Cd in four ornamental plants
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Fig.5 Total amounts of accumulation of Pb in four ornamental plants

3:0 Pb
> > >
0.29mg/plant . 0.23mg/plant .

0.17mg/plant . 0.05mg/plant, Pb
> > >
0.290 mg/plant.0.020mg/plant.0.013mg/plant
0.005mg/plant, Pb
> > >
0.580mg/plant.0.250mg/plant.0.183mg/plant
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3
1
2
Cu Zn
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3 Cu.Zn.Pb
2.58mg/plant . 5.76
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Zn.Pb.Cd 3.12mg/plant.
8.77mg/plant.0.29mg/plant. 0.24mg/plant

Cu.Zn.Pb.Cd
5.70mg/plant. 14.53mg/plant . 0.58
mg/plant.0.34mg/plant.
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