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Study on the Potential of Phytoremediation using Wild Plants for Heavy Metal Pollution

Byeung-Hoa Kang, Sang-In Shim, Sang-Gak Lee, Kwang-Ho, Kim [I-Min Chung (Dept. of Agronomy, Caollege of
Natural Resources, Korea Univ., Seoul 136-701, Korea, ')Dept. of Crop Science, College of Agricultural and Life
Science, Kon-Kuk Univ,, Seoul 143-301, Korea)

Abstract : The potentials of some Korean wild plants as a phytoremediator for cleaning heavy metal pollution
were measured. Several plant species, Ambrosia trifida, Brassica juncea, Rumex crispus, and Abution theophrasti
screened previously for phytoremediator were treated with cadmium and copper solution. In order to know the
growth response to heavy metal stress, the plants were cultivated in hydroponic system containing heavy metals
with different concentration. To know the effects of heavy metals on emergence and seedling growth, seeds of 4
species were sown in the pot and watered with heavy metal solution adjusted pH to 65, 55, and 4.5. A proposed
species as potential phytoremediator, A. trifida, showed tolerance to 20p#mol/L Cd and 80gmol/L Cu in nutrient
solution without apparent growth reduction, and up to 100gmol/L Cd and 400pmol/L Cu without critical visual
injury. Up to 31lmg/kg of Cd and 369mg/kg were accumulated in dried aerial part in A. trifida. In contrast, A,
theophrasti showed injury at 400pmol/L Cu. Significant differences were shown in Cu accumulation among the
four species. A. trifida had much higher concentrations of Cd in the shoot, whereas R. crispus accumulated higher
concentrations of Cd in the shoot. Testing plant species showed reduced emergence rate with heavy metal
treatment. When pH was lowered, the emergence and seedling growth were affected severely with heavy metal
We can suggested that A, trifida was the most proper species for phytoremediation in heavy metal-polluted
regions.
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Table 1. Ecological chracteristics of the plants as potential

phytoremediator.
Family Life cycle Plant height Flowering season
Species (m) (month)
Ambrosiatrifida  Asteraceae annual 1.5~22 7~9

Brassicajuncea  Brassicaceae biennial 0.8~12  4~5
Rumex crispus ~ Polygonaceae perennial 0.5~1 7~8
Abutilon theophrastiMalvaceae annual  1.2~2 8~9
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Table 2. Effects of heavy metals and soil pH on the emergence of testing plants.

Species Control Cd(100eM) Cu(2mM)
pH6.5 pH5.5 pH45 pH6.5 pH55 pH45 pH6.5 pH5.5 pH45
------------------------ (%) == s m e e e e e e e e e
A, trifida 76.7a 76.7a 733a 80.0a 70.0a 70.0a 80.0a 33.3b 6.7c
B. juncea 96,7a 86.7b 95.0a 85.0bc 85.0bc 76.7¢ 55.0d 5.0e 5.0e
R. crispus 83.3a 83.3a 96.7a 95.7a 83.3a 90.0a 13.3b 0.0c 0.0c
A. theophrastil 80.0bc 93.3ab 90.0abc 100.0a 83.3abc 93.3ab 76.7¢c 30.0d 20.0d

The same letter in a row(a plant) are not significantly different by Duncan’ s multiple range test(P=0.05).
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Table 3. Effects of heavy metals and soil pH on the plant height of testing plants.

Species Control Cd(1004M) Cu(2mM)
pH65  pH55  pH4S5 pH65  pH55  pH45 pHB5  pH55  pH45
------------------------ (%) ------------------------
A. trifida 334a 293b  313a 2%57bc  238¢ 244 2.7d 1.3d 05d
B. juncea 18.1b 198ab  21.0a 198ab  20.1ab  187ab 03¢ 0.0¢ 0.0¢
R. crispus 14.7b 12.9¢ 17.1a 8.2d 58e 4.0f 0.1g 0.0g 0.0g
A.theophrastil  24.8b 23.9 287a 12.5d 16.0¢ 9.3e 2.9 1.6f 0.7f

The same letter in a row(a plant) are not significantly different by Duncan’ s multiple range test(P=0.05).
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Table 4. Effects of heavy metals and soil pH on the shoot fresh weight of testing plants.

Species Control Cd(1004v) Cu(2mM)
pH6.5 pH5.5 pH4.5 pH6.5 pH5.5 pH4.5 pH6.5 pH55 pH4.5
------------------------ (g) - -mmm s

A. trifida 10.4a 8.1ab 9.7a 8.2ab 6.5b 6.5b 0.7¢c 04c 0.1¢

B. juncea 18.1a 16.8a 23.5a 21.2a 29.8a 26.9a 0.1b 0.00 0.0b

R. crispus 6.9 6.0b 8.7a 41c 2.6d 24d 0.0e 0.0e 0.0e

A theophrasti  5.1b 51b 6.7a 34c 2.4d 1.9d 0.2e 0.1e D.1e

The same letter in a row(a plant) are not significantly different by Duncan’ s multiple range test(P=0.05).

Table 5. Effects of heavy metals and soil pH on the root fresh weight of testing plants.plants.

Species Control Cd(100M) Cu{2mM)
pH6.5 pH55 pH4.5 pH6.5 pH5.5 pH4.5 pH&.5 pH5.5 pH45
------------------------ (9) — - e

A. trifida 3.31a 2.54ab 209% 2.34ab 2.53ab 2.72ab 0.47c 0.16c 0.02¢c

B. juncea 1.15b 2.0% 1.52b 2.03b 2.16b 3.66a 0.01c 0.00c 0.00c

R. crispus 0.55¢d 0.94ab 1.02a 0.75bc 0.35d 0.49d 0.00e 0.00e 0.00e

A. theophrastil 1.14b 1.88a 1.76b 1.12b 0.64c 0.78bc 0.13d 0.02d 0.01d

The same letter in a row(a plant) are not significantly different by Duncan’ s multiple range test(P=0.05).

Table 6. Effects of cadmium and copper on the chlorophyll, soluble protein, and soluble sugar content of Ambrosia trifida seedling.

Treatment Chiorophyll Soluble Soluble
metal/pH a b total protein Suga
----------------------- (mg/gFW) - - - - - - - - - m e e e e e

Cont/6.5 4,450 1.43bc 5.880d 5.13g 2150
Cont/5.5 5.68a 1.87a 7.55a 6.151 31.80
Cont/4.5 5.08b 152b 6.5% 9.84b 233c
Cd 65 4.80bc 1.46b 6.26bc 7.71d 16.9d
Cd 55 484c 1.42bc 6.06¢ 7.90c 22.0¢
Cd 4.5 4.19de 1.34¢ 5.53de 6.73¢ 23.1¢
Cu 65 3.84e 132 5.15¢ 10.16a 40.1a
g: ig 2.231 0.89d 3.13f 8.10¢ 3280

The same leiter in a row(a plant) are not significantly different by Duncan’ s multipie range test(P=0.05).

*) All plants were dead
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Table 7. Effect of Cd and Cu on relative growth rate of testing plants.

Species Contro Calu) Culs)
4 20 100 80 400 2000
------------------------- @ Gl - Wkl)m-m-e-cccmccaacamaamnnn>-
A. trifida 0,442 0.344 0274 0.261 0.243 0.189 0.091
B. juncea 0.420 0.389 0.371 0.282 0.036 0.045 0.010
R. crispus 0507 0458 0.3%0 0.264 0.250 0.221 0.141
A. theophrasti 0678 0.590 0.497 0.068 0.056 0.189 0022

Table 8. Effect of Cd and Cu on plant height of testing plants.

Species Control Cd(:M) Cu(sM)
4 20 100 80 400 2000
.............. T----——:-_--_(cm)_-___.._--___..-------..-__-
A trifida 84.7 88.3 66.0 63.9 571 53.6 46.5
B. juncea 719 740 60.5 57.6 339 36.1 332
R. crispus 578 572 492 409 28 354 328
A. theophrastil
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