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Abstract - This study was performed to select the effective plant for phytoremediation of heavy metal contaminated areas.
After cultivation of fifteen Compositae plants on soil contaminated with heavy metals for 8 weeks, the growth response and
accumulation ability of each parts for heavy metal, such as arsenic, cadmium, copper, lead, and zinc were analyzed. Except
Adiantum capillus-veneris, growth of Aster incisus, Coreopsis drumondii), Dendranthema indicum, Saussurea pulchella
were relatively fine. Arsenic accumulation ability was the highest by Artemisia gmelini (25.52 mg-kg™' DW) in underground
part, and D. sichotense (3.35 mg-kg™) in aerial part. Cadmium was the highest by Aster magnus (2.50 mg-kg™) in aerial part.
Aerial and underground part of S. pulchella showed the highest copper accumulation (24.29, 99.92 mg-kg-1). In lead, 1.43
(4. magnus)~5.00 ngkg" (S. deltoides) were accumulated in aerial part among fifteen Compositae plants. Aster hayatae
(140.09 mg-kg™), Aster yomena (109.07 mg-kg™), A. magnus (100.21 mg-kg™) are absorbed more than 100 mg-kg™' of Zinc.
Therefore, they are considered to be phytoremediation material of zinc contaminated areas.
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Table 1. Heavy metal contents of soil near the smelter in 2009

Heavy metals contents (ng-kg' DW)

Site
As Cd Cu Pb Zn
Warning level” 25 4 150 200 300
Countermeasure level 75 12 450 600 900
Experimental site 45.8 0.3 13.2 32.5 75.2

’Soil environment conservation law (1: Paddy and upland field, orchard, and livestock farm et al.).
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O|(Aster hayatae), 7 N|EFA0|(Aster incisus), F7NEFEA 0|
(Aster magnus), X3|(Aster scaber), 2:57Y0|(Aster yomena),
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Table 2. Growth characteristics of fifteen Compositae plants measured just before planting into paddy soil contaminated with heavy

metals
Scientific name Plant height Plant width ~ No. of Fresh weight (g) Dry weight (g)
(cm) (cm) leaves/plant A” U A U
Achillea alpina 11.1£1.42"  5.0+0.33  23.5#£3.16 0.3£0.06  0.2+0.06 0.1£0.00 0.1£0.00
Artemisia gmelini 29.4+1.02  12.1£0.90 17.1+1.73 2.240.15  4.7+0.35 0.7+0.06 1.0£0.10
Aster hayatae 5.9+0.26 8.2+0.42 8.8+0.39 0.9+0.10  1.6+0.14 0.2+0.03 0.3+0.03
Aster hispidus 8.4+0.27 8.8£0.09  13.6+0.86 1.3£0.17  2.0£0.09 0.3+£0.07 0.4+0.03
Aster incisus 27.5+0.61 5.240.28  20.1+0.75 1.3£0.03  2.4+0.52 0.4+0.00 0.3+0.00
Aster magnus 6.8+0.46 5.4+£0.84  11.0+1.79 0.5+0.19 1.5+0.40 0.2+0.07 0.4+0.09
Aster scaber 18.7+0.81 7.3+0.41 3.6+0.15 1.1£0.07  1.0+0.14 0.2+0.03 0.3+0.03
Aster yomena 15.9+0.35 49+0.51  19.1+1.82 0.8+0.03  0.2+0.00 1.9+0.23 0.4+0.07
Coreopsis drumondlii 24.6+£2.38  20.5£7.60 5.9+0.58 224035  0.8+0.36 0.4+0.09 0.2+0.09
Dendranthema coreanum 7.8+£0.84 6.6£0.58  16.0+2.02 1.3£0.12  2.54+0.26 0.3+0.03 0.4+0.03
Dendranthema indicum 41.6%+1.11 8.4+0.53 2.7+0.20 5.2+0.33 9.1+0.86 1.6+0.17 1.4+0.12
Dendranthema littorale 10.7£0.55 8.9+035 16.2+1.13 244044  2.1+0.88 0.5+0.07 0.6+0.18
Dendranthema sichotense ~ 8.3+0.48 7.6+0.62 5.1+0.02 1.6+0.13 1.540.24 0.4+0.03 0.4+0.06
Saussurea pulchella 353+£0.49  25.1+2.47 5.9+0.35 1.8£0.17  1.7+0.23 0.5+0.03 0.3+0.03
Synurus deltoides 30.7£1.70  12.4+0.38 444023 11.4£1.42  6.7£0.59 2.94+0.37 1.6+0.15
’A: aerial part, U: underground part.
YValues are mean+SE (n=10).
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Table 3. Growth characteristics of fifteen Compositae plants cultivated in paddy soil contaminated with heavy metals for

8 weeks
Plant Plant No. of Root SPAD Fresh weight (g) Dry weight (g)
Scientific name  height width leaves/  Length
(cm) (cm) plant (cm) value A U A U

A. alpina 16.5+£2.60° 4.3+0.33 3.2+0.34 9.0£0.46 26.5+0.76 1.4+0.31 1.0+0.10  0.3£0.05 0.2+0.03
A. gmelini 17.4£093 9.9+0.52 6.4+0.03 14.9+2.14 26.543.69 1.6+£0.06 2.5+0.36  0.7+0.08 0.7+0.12
A. hayatae 42+0.28 7.6£0.09 3.0+0.72 13.541.56 61.241.04 1.8+0.17 1.3+0.33  0.3£0.03 0.3+0.04
A. hispidus 6.2+1.21 8.7+£0.22 3.2+0.15 12.3+1.08 50.6+1.19 1.5+0.26 1.2+0.11  0.3£0.08 0.2+0.12
A. incisus 3824340 7.6£0.64 4.3+0.23 17.5£1.89 38.4+1.17 2.8+0.14 2.0£0.30  0.9+£0.01 0.5+0.07
A. magnus 7.0£0.29 11.0+0.87 6.0+1.37 13.743.06 47.1£1.68 2.6+0.35 1.0£0.32  0.4+0.01 0.2+0.03
A. scaber 10.7£0.26  8.3+0.68 11.2+0.74 8.6+0.87 39.7+0.35 1.2+0.10 2.440.20  0.3£0.03 0.5+0.05
A. yomena 2254322 6.9+0.29 4.6+0.32 13.9+2.77 44.0:6.90 1.7£0.51 1.8+0.08  0.5+0.10 0.4+0.01
C. drumondii 14.1£1.39 18.542.32 16.1+1.70 26.0+£2.92 46.242.25 4.8+1.23 1.2+0.24  0.7+0.18  0.2+0.05
D. coreanum 6.3+026 8.3+0.60 3.3:0.69 11.3+1.84 58.4+4.04 2.3+0.22 2.6+0.66  0.4+0.05 0.5+0.01
D. indicum 433+1.80 9.940.69 5.5£0.29 28.2+2.17 29.240.15 4.840.76 6.3+0.09  1.740.17 1.3%0.12
D. littorale 9.6+£1.09 6.7£0.55 6.1£0.96 14.1+2.71 40.7+4.67 2.2+0.52 2.34+0.69  0.6£0.16 0.4+0.12
D. sichotense 8.742.40 8.7+0.85 2.6+0.03 8.3+£0.78 43.2+4.01 1.3+0.15 2.1+0.28  0.3£0.07 0.4+0.04
S. pulchella 22.7£2.02 20.7£1.54 23.8£2.70 12.9+2.10 30.3+£2.21 5.0£0.21 7.34+0.53  1.5+0.07 2.0+£0.15
S. deltoides 19.742.05 17.142.11 21.6£2.63 22.2+1.59 29.7+1.69 4.2+0.81 5.0£0.10  0.8+£0.10 0.8+0.09
“A: aerial part; U: underground part.
*Values are meantSE (n=10).
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Table 4. Arsenic, cadmium and copper accumulation contained in fifteen Compositae plants cultivated in soil contaminated with

heavy metals for 8 weeks

Heavy metal accumulation (mg-kg' DW)

Scientific name As Cd Cu

A* U TF A U TF A U TF
A. alpina 0.93¢" 1.23b 0.76 1.14cd 0.62a 1.83 10.30bc  72.20ab 0.14
A. gmelini 1.63bc 25.52a 0.06 0.94de 1.08a 0.87 14.59a-c  42.65ab 0.34
A. hayatae 1.23¢c 3.35b 0.37 2.02ab 0.58a 3.50 21.41ab  76.91ab 0.29
A. hispidus 1.10c 0.60b 1.84 1.95b 0.88a 222 15.59a-c  91.80ab 0.17
A. incisus 1.60bc 9.16b 0.18 0.83de 0.99a 0.84 1427a-c  83.22ab 0.17
A. magnus 1.81a-c 5.69b 0.32 2.50a 0.57a 4.39 12.75a-c  30.90b 0.41
A. scaber 1.09¢c 5.17b 0.21 0.49¢ 0.65a 0.75 14.65a-c  39.32ab 0.37
A. yomena 1.12¢ 10.14b 0.11 0.80de 0.62a 1.28 9.42bc  67.56ab 0.14
C. drumondii 1.51bc 1.30b 1.17 1.52bc 0.66a 2.31 20.13ab  45.71ab 0.44
D. coreanum 0.86¢ 5.85b 0.15 0.72de 0.58a 1.25 24.07a 34.08b 0.71
D. indicum 0.93¢c 0.96b 0.97 0.58de 0.43a 1.35 6.70c 51.34ab 0.13
D. littorale 3.13ab 10.26b 0.31 0.41e 0.42z 0.97 13.02a-c  38.81ab 0.34
D. sichotense 3.35a 9.93b 0.34 0.41e 0.46a 0.89 11.21bc  47.21ab 0.24
S. pulchella 1.69bc 7.71b 0.22 0.51e 0.59a 0.87 24.29a 99.92a 0.24
S. deltoides 247a-c  10.01b 0.25 0.86de 0.43a 2.00 15.77a-c  89.62ab 0.18

“A: aerial part; U: underground part.

*TF: Translocation factor (Ratio of arsenic, cadmium and copper in aerial parts to underground parts).
*Mean separation within columns by Duncan’s multiple range test, p<0.05.
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Table 5. Lead and zinc accumulation contained in fifteen Compositae plants cultivated in soil contaminated with heavy metals for 8

weeks

Heavy metal accumulation (ng-kg’ DW)

Scientific name Pb Zn
A? U TF A U TF

A. alpina 2.18b* 2.79b 0.78 99.45b-c 73.20a 1.36
A. gmelini 2.60b 16.74a 0.16 4.97d-h 37.69b-c 1.72
A. hayatae 2.05b 2.32b 0.88 140.09a 35.47bc 3.95
A. hispidus 2.23b 5.00b 0.45 97.31b-d 34.58bc 2.81
A. incisus 1.45b 2.47b 0.58 70.00c-g 58.63ab 1.19
A. magnus 1.43b 7.34b 0.19 100.21¢cb 57.24ab 1.75
A. scaber 2.30b 3.13b 0.74 84.64c-g 35.08bc 241
A. yomena 1.85b 3.43b 0.54 109.07bc 56.00a-c 1.95
C. drumondii 2.22b 3.40b 0.65 77.69b-f 40.60a-c 1.91
D. coreanum 3.22b 2.04b 1.57 50.56f-h 45.47ac 1.11
D. indicum 2.54b 3.06b 0.83 32.06h 42 45a-c 0.76
D. littorale 2.44b 2.08b 1.17 58.96e-h 59.02ab 1.00
D. sichotense 2.86b 2.20b 1.30 52.54f-h 42.23a-c 1.24
S. pulchella 2.89b 3.98b 0.73 41.42gh 48.88a-c 0.85
S. deltoides 5.00a 3.20b 1.56 92.10b-¢ 19.95¢ 4.62
“A: aerial part; U: underground part.
*TF: Translocation factor (Ratio of lead and zinc in aerial parts to underground parts).
*Mean separation within columns by Duncan’s multiple range test, p<0.05.
F401(109.07 mg - kg ™), FALFA)(100.21 mg - kg) 5] H
ot Has sl vla, 7i=a, W R o Higk =
A5t SRIE T 2 Ae T LUA G B slo] A e A

2 ATE Bl wASEA ], &5, ALl =0k ] A3 me 15FE TEEo R 2 AE EY 85 S A
A9 HA5E HIRS SR FFE FATOI ERIEHIE & HilRt v Ak R v, =, 72, | okl 52
3l Aol Ut LfEoR HE - AH X7 S5 A5 S SAGIH FEe AT 7MY ol,
-5 FOo 8 BT} o - wrh, SRAop PARE FA=, A= 2N T S-S vl FEeioinh HA =
o] ERF S-2|uhet A oA 5o 7hsstal W7 7F 5 52 T 9IR7] AJH(25.52 mg - kg ) ol A] 7 AL AV
ko] AR 9 wge Ao 5 AAZ DR Ao = HR (3,35 mg - kg )7 7 Satle), AR
A AER e ez Z87H17) vle- . GAERAY 0] A (2,50 mg - kg )M 71 =9kt e &

oht, A4 Aeholl A AEe) et Has e B 252 AR} AR B 7HA|5](24,29, 99,92 mg - kg )7
gt mael 7 LR WAV Aek(Park et al., 2003; Ju, 7P = S BT e 1559 A= 1 43( A%
2011), 53] BAIAQ AE/d FehiE sl e AV FAo)~5,00mg - kg (=23 O ol FAH ULt wAERE
5o) AR AAleo] S48 uf avtdolct, webA A A0|(140.09 mg - k), £5H0](109.07 ng - ke ), FHEAE
&R0, LA o), FAALRA ] & A ok A= & A0](100.21 mg - kg™!) 5] OFA F25-& 100 mg - kg o4k
ST AT T S FUE et ol A Ee. 2ok o A A Ast 7Y A= 8ol 7T A

Aoz AZE g
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