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Abstract Water contamination by trace metals is one of the main types of pollution in aquatic ecosystems. Aquatic plants
can take up heavy metals from the environment. Their capability to absorb the elements differs both among species and their
organs. Therefore it is useful to identify various species and their organs which accumulate the greatest amounts of trace
metals.

The stress responses and metal bioaccumulation in combined treatments of copper zinc lead and cadmium by the
emergent wetland plants Zizania latifolia and Acorus calamus were studied in pot experiments. Growth parameters
physiological indices and metal uptake by the two species were investigated. Results indicated that neither Z. latifolia nor

A. calamus could survive in the highest concentrations employed. Compared to controls plant height number of roots and
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biomass of A. calamus significantly decreased in low and medium metal concentration treatments. No significant differences
in plant height number of roots and biomass of Z. latifolia could be demonstrated between the control and low and medium
metal treatments. These growth differences between the two species might reflect that the innate metal resistance of Z.
latifolia is higher than that of A. calamus. With increasing heavy metal concentrations the chlorophyll content of both
species decreased significantly and the chlorophyll a/b rate decreased slightly in Z. latifolia and decreased significantly in
A. calamus. SOD and POD activity increased in the low metal treatments and decreased in the mid-concentration treatment.
Proline content and relative electrolyte leakage rate of the two species increased significantly. Copper Zn Pb and Cd
concentrations in both species increased with increase of metals in soils the rank order was Zn > Cu > Pb > Cd in Z.
latifolia and Cu >Zn >Pb >Cd in A. calamus. The bio-concentration factor BCF for Cd in shoots leaves and stems

and roots rhizomes and roots of the two species were both > 1 whereas the BCFs of Pb in shoots and roots were < 1.
In both cases concentrations of Cu Zn Pb and Cd in roots were higher than in shoots suggesting that these two species are
basically excluder plants translocating little metal from roots-shoot. There was a substantial retention function for roots of
the two species to heavy metals and their average retention rates were all greater than 50% . Overall uptake of Cu Zn

Pb and Cd by Z. latifolia was greater than by A. calamus in all treatments. Zizania latifolia could be suitable for

phytopurification and phytoremediation of wastewater with low-medium concentrations of Cu Zn Pb and Cd.
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’ ab SOD
POD 0
1.4
" TI Tolerance index % = / x 100
BCF Bioconcentration factor = /
"> Retention rate % = - /
x 100
SPSS ANOVA LSD
1
Table 1 Chemical characteristics and heavy metal concentrations of the soil
" Heavy metal concentration mg kg ™'
P Organic matter g kg~ Cu 7n Pb Ccd
6.42 40.28 18.62 59.45 19.86 0.13
2
2.1
5 Table 2 The designed concentrations of heavy metals mg kg~'
Treatment Cu Zn Pb Cd
9 7 CK 18.62 59.45 19.86 0.13
Low concentration 78.62 169.45 139.86 0.83
Medium concentration 198.62 389.45 379.86 2.23
High concentration 558.62 1049.45 1099.86 6.43
The heavy metal contents in
R:S . o : .
the soil were considered in the designed concentrations.
R:S
3
3
Table 3 Growth of Z. latifolia and A. calamus in different treatments
Species Treatment Plant height cm Number of roots ~ Biomass g m ~>DW R:S T %
Z. latifolia CK 101.9 +4.4* 29.7 £3.5° 208.8 +13.8° 0.34 +0.06" -
Low 98.1+7.1% 26.7 £3.5° 178.7 £36.5° 0.34 £0.08" 85
Medium 91.7 +12.8° 27.7 £5.1° 199.8 £39.0° 0.32 +0.12° 96
A. calamus CK 70.6 +2.8* 20.0 £6.6° 137.3 £20.6° 0.28 £0.06" -
Low 60.7 £4.2" 15.7 £1.5% 81.5+16.3" 0.48 £0.22* 59
Medium 35.6 £5.9°¢ 10.3 £1.5" 50.6 £6.7" 0.61 £0.11* 37
3 + The data represent mean +SD n =3
LSD p=0.05 Values with different letter in same species and same column indicate a significant difference at p =0.05 according to LSD test
2.2
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Cu>7n>Pb>Cd
p<0.05
50% 4

0.05 according to LSD test
Cd >Pb > Cu >7Zn

3

Pb

Zn >Cu>Pb>Cd
Pb

Changes of physiological indices in Z. latifolia and A. calamus leaves from different treatments
The data represent mean +SD n

p <0.01
Cu Zn Pb Cd

Cu Zn Pb Cd
Cd >Cu>Pb>7n
p>0.05

Fig. 1
0.05 Values with different letter in same species indicate a significant difference at p
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4 Cu Zn Pb Cd

Table 4 Concentrations of Cu Zn Pb Cd in Z. latifolia and A. calamus in different treatments

Concentration mg kg ™' BCF
Retention
Species Element Treatment Shoot Root Shoot Reot ate %
Z. latifolia Cu CK 35.32 +1.48° 59.26 £3.77¢ 1.9 3.2 40.4
Low 27.45 +£2.17¢ 256.47 +11.85" 0.3 3.3 89.3
Medium 54.12 £2.96° 309.80 +8.96° 0.3 1.6 82.5
Zn CK 21.18 £1.80" 80.06 +4. 44" 0.4 1.3 73.5
Low 97.87 £8.94" 262.75 +13.37" 0.6 1.6 62.8
Medium 163.14 +11.75¢ 278.43 +14.63" 0.4 0.7 41.4
Pb CK 0.09 +£0.04° 0.11 £0.02° <0.1 <0.1 18.2
Low 0.42 +0.06" 43.40 £4.27° <0.1 0.3 99.0
Medium 15.02 +3.46" 155.25 +12.81°¢ <0.1 0.4 90.3
Cd CK 0.45 +0.07* 2.64 £0.32° 3.5 20.3 83.0
Low 4.05+0.91" 20.76 £2. 66" 4.9 25.0 80.5
Medium 16.60 +2.88° 71.19 £5.23°¢ 7.4 31.9 76.7
A. calamus Cu CK 13.35 +1.85* 31.59 £5.56* 0.7 1.7 57.7
Low 16.56 +3.08" 356.18 £17.1" 0.2 4.5 95.4
Medium 47.51 £3.73" 372.66 +8.04" 0.2 1.9 87.3
Zn CK 14.58 £2.97* 35.28 +£3. 66" 0.2 0.6 58.7
Low 40.13 £3.91" 223.42£19.7" 0.2 1.3 82.0
Medium 121.80 +10. 11°¢ 290.19 +15.23°¢ 0.3 0.7 58.0
Pb CK 0.13 +£0.05° 3.74 £1.17° <0.1 0.2 96.5
Low 1.24 £0.36" 46.81 £4.20" <0.1 0.3 97.4
Medium 14.79 +3.33" 170.82 +8.38° <0.1 0.4 91.3
Cd CK 1.84 +£0.31° 6.88 £1.10" 14.2 52.9 73.3
Low 2.10 £0.73* 69.41 £6.79°¢ 2.5 83.6 97.0
Medium 4.13 £0.52" 58.65 +4.53" 1.9 26.3 93.0
3 + The data represent mean +SD n =3
LSD p=0.05 Values with different letter in same element of the same species and same column indicate a significant difference at p =
0.05 according to LSD test
3 5
Table 5 Uptake amounts of heavy metals by Z. latifolia and
Cu-Zn-Pbh-Cd o .
A. calamus in different treatments mg m
Species Treatment Cu Zn Pb td
7. latifolia CK 8.25 7.32 0.02 0.20
Ali
13 Low concentration 15.73 2516 2.09 1.0
Medium concentration 22.96 37.58 9.87 5.91
R S
" RS A calamus CK 2.39 2.55 0.14 0.41
R S 9.84 7.64 1.24 1.84

Low concentration

8.50 9.24 3.67 1.23
Medium concentration
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