A2 YR F 32 A19W A3:5(2000)
Korean Journal of Environmental Agriculture
Vol. 19, No. 3, pp. 213~217

EY= FIE83 || Phytoextraction® 3t MExjul o3

Hys' oY - 24H
e i el
Studies on the Phytoextraction of Cadmium and Lead Contaminated Soils by Plants
Cultivation
Goo-Bok  Jung', Won-II Kim, and Kwang-Hyun Moon (National Institute of Agricultural Science and Technology,

RDA, Suwon 441-707, Korea, E-mail : ghjung@rda.gokr)

ABSTRACT : In order to select more proper plants for phytoextraction at the heavy metal polluted areas, 11 species of
non-edible plants were cultivated at the cadmium(Cd) and Lead(Pb) treated soils and analyzed the content of the absorbed
Cd and Pb in each part of plants. Plants include three fibers(Linum usitatissimum, Cannabis sativa, Gossypium spp.), three
flowers(Calendula officinalis, Rhododendron lateritium, Portulaca grandiflora), and five trees(Pinus thunbergii, Magnolia
kobus, Populus nigra X P. maximowiczii, FEuonymus japonica, Fraxinus rhynchophylla). Yield of tree species were higher
than that of fiber and flower species. Cd and Pb were highly accumulated in root rather than leaves and stems. The Cd
content of plants was in the order Portdlaca grandiflora > Calendula officinalis > Gossypium spp. > Linum usitatissimum,
Pb was Cannabis sativa > Linum usitatissimum > Fraxinus rhynchophylla. Total absorbed Cd by each plant was in the
order Populus nigra x P. maximowiczii > Euonymus japonica > Rhododendron lateritium, but Pb was Populus nigra x P.
maximowiczii > Rhododendron lateritium > Euonymus japonica. Total absorbed Cd and Pb contents in plants were
negatively comelated with the residual Cd and Pb in the treated soils. It was estimated that Populus nigra x P.
maximowiczii, Euonymus japonica, Fraxinus rhynchophylla, and Rhododendron lateritium were the most effective species

for phytoextraction in the polluted area considering yield and heavy metal uptake.
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Table 1. Ecological characteristics of the plant used pot experiment

. . Life Plant  Flowering
Fiant species Family cycle height(m) season

Linum usitatissimum  Linaceae annual 1 6
Cannabis sativa Cannabaceae annual 2.5 7~8
Gossypium spp. Malvaceae  annual 0.6 8~9
Calendula officinalis Compositae  biennial 02~03 7
Rhododendron . .

lateritium Ericaceae perennial 0.8 7
Portulaca grandifiora  Portulacaceae amnual  0.1~02 8~10
Pinus thunbergii Pinaceae perennial 10 5
Magrolia kobus Magnoliaceae perennial 8 3
Populus nigra x . : - -

P, maximowiczi Sailcaceae  perenmial 15~30 4~5
Fraxinus i

rhynchophylla Oleaceae perennial 15 5
Euonymus japonica  Celastraceae  perennial 3 7

AEL AR5 olWHLinum usitatissimum), WK Cannabis sativa),
E3HGossypium  spp.) & 3%, SHIFQ el E=(Cdendula
dfficinalis), 9V 3¥(Rhododendron  lateritium), A%3K Portulaca
grandiflora) % 3%, FERA HE(Pinus thunbergii), ¥
(Magnolia kobus), ¥33(Populus nigra x P. maximowiczii), AH4
U Euonymus japorica), B-FHV-Fraxdnus riynchophylla) & 5
%5 FA3A
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Table 2. Physico-chemical properties of the soil used

Ex. Cati
(Cmol k(gxﬁ SR

Ca Mg -(mgkg')-
140 030 0058 229

pH OM AV.P105
Texture

(15) (g kg") (mg kg") K
SL 58 230 340 011
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of FYs}ct. 4¥E TETG FLE din}, B3} 2 I}
57, FEFY APEUY, EFAVE, 33, 58 9 dlgo] 47,
opu} 5%, FAEol 3%, A% 1378 s

EY U ASHo 2AYY

EY A S #8488 ¥ dENS 252 AF Wmme
AEAAZIE ol&3td] 1047 ERARE AHEsi AFA
¥ EYY A zAe FA39 FHE F 0meshAE FHAA
Aut SIEAHE £ o] REUL EYS TA] el vl A
Zol 34 B 822 AMElGY. EY e R ¥4 EY
sy e 28t pH(15)E pH-metertd, §71%2 Tyurin
W, FEJQAL Lancasterd, X#AUdo]L£L  IN-Ammonium
Acetate(pH 7002 A% od13le] F44 B2 o]&aYct EY
o AEEH § BHe EFQATAAYHY T Fao EY
10g< 100ml AAFet239) #H3lo 0.IN-HCl 50miE 743tz 3
0CAAM 247 1A s ¥ ojndle] BALARE o] &3l%th

AEAE FEH ANBE B9 FRTE AASA 9, F) 0B
glo] Relgz Fstd A ol ujda g2l 13} B=23)
I Az A 22 dxste] EH7|2 Zo} FHAEE AS3)
Aok AEA E3e HEAM & Fsd A LY
(HNOsHCIOsHoSOp=10:4:1) 8 40ml® 718 & 32T 2|3
T8 Amatol A 8133 No. 5BARZ o watdck”,

A EF 2 g3 AL 2 L F AFe
QAFFEHFEA(Model IL-251)8 o} &3} 234 EY
o} §EQME DA ¥ F433 5 A (Beckman, DU-650)E ¢l
gatad wA) s

F- L -y

FEE LEEY U AEHEA HAF HEFT G4
5t Jl=F 2§ AYEGAM ZE AuiF FAHES 79
H EALFES B 3% 20 74 R AEFe YAz 27
oA EA Uebta HEE F AEFS ARFY B 33 @
AFE AL, FEFE ¢ 24 vehdd IAHEY F
VEFE FREFAIFAEUT>YNE o2 Yeht 4
i R TR FEFAM =24 deigoh

FANEY 28 =R FH FrEde B 4% 20 A8
EopE CdgFE HedM Mt 1Rk AR E7], 9 o=
et 598 sl=g 38 H8EE 4%Ed 93 271%



E%% 1283} ¢ Phytoextraction® 9§ 4 E2u) A7 215

Table 3. Dry weight yield in leaf, stem and oot of testing plants

Table 4. Cadmium content and uptake in leaf, stem and root of

(Unit : g pot’, DW) testing plants
Plants species Leaf Stem Root Sum Cd content (mg kg')  Cd uptake (mg pot')
—— Plants species
L. usiratissimum 16.3 474 4.8 63.4 Leaf Stem Root  Leaf Stem Root Sum
C. sativa %1 84 20 405 L. usiiatissimum 501 880 2908 082 4.15 138 635
G. spp. 1272 153 413 2899 C. sativa 106 256 1436 038 211 320 579
C. offcinals s 4 29 06 G 354 1272 1706 439 1378 796 2613
R. lateritium 1448 200 1265 5412 . P o s 10s 157 e cer va ot
P. grandiflora 2%.1 303 26 590 . officinalis 1028 1506 1582 462 647 046 1157
P. thunbergii 1290 80.0 587 2%7.7 R. lateritium 214 176 2049 312 476 2599 3387
P. n x P. maxim. 11288 2066.2 4492 36442 P. thunbergii 119 338 924 158 274 549 981
F. rhynchophylia 158.3 563.6 371.8 1093.7 M. kobus 30 291090 017 039 880 937

E. japonica 167.8 484.5 3045 956.8
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3 2 sy 49 g 28 v AR F=f F
7b A JGERRTE Ago) ofd sl el AEEY ¥ o
Fiate] HE hyperaccumulators AR ABY Cd 001, Cu
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9 FEE BAY ASe) A" FHEd A2dM Adse
A2 A% A9 A B Osmunda japonica(1¥))e] Cd
FE7b 9 2420, 371 011, 22 595 mg kg 'O QT, THE HE
280 2} Cd 3] ¥ & Ao pusgoen 7 5
& el AAEI} Cd 264, Zn 1,191 mg kg 'o® O AERYG
AU 2Ho| Hoha g wF 7 E¥e 2348 M
ok Aguist Axd Cd FHFo] vFHAFAAM Cd 311, Cu 368
meg kg'8 Haslda, 7 £7e EGN AuAEe @ Ag
vej#Eo) Cd @0l 1617 mg kg 02 Husigch A=k &
AEow BE AE 9 %%y Thaspi caerulenscenso) A 733
7 180" mg kg, 1,740 mg kg, 1,140 mg kg' °l9%,
Brown 578 23%d 8 UAdo] Aon AEAMAES] 74
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Bt A8Y e F FFEE RAARPE>FIE>ER
SEEGUE £og et A8%0] & AEo] tE AE
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P.n x P. maxim. 139 143 487 1554 2889 21.77 66.20
E. rhynchophyila 36 53 558 057 297 2046 24.00
E. japonica 22 263 1604 037 1271 48.33 6141
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Table 5. Lead content and uptake in leaf, stem and root of testing
plants

Pb content (mg kg')  Pb uptake (mg pot’)

Leaf Stem Root Leaf Stem Root Sum
L. usitatissimum 324 387 924 052 184 04 280
C. sativa 351 213 1350 129 174 309 6.12

Plants species

G. spp. 112 156 656 144 180 309 633
C. officinalis 107 91 932 047 039 027 113
R. lateritium 76 117 623 112 314 781 1208
P. grandiflora 107 89 692 028 027 018 073
P. thunbergii 103 145 754 132 116 445 692
M. kobus 159 105 397 090 139 320 549

2052 21.85 3047 7284
1.68 492 2193 2853
164 3.13 19.85 24.63

P. n x P. maxim. 182 107 689
F. rhynchophylla 109 88 604
E. japonica 98 64 660

A HgES Rl wA ekttt A9 A 48 F &
Fe FlEY vk AEARF] & FERAM ®A U
Epta Beloly ngsle] 35 3o 54¢ & W Jl=FE
o Bl FAE 9 F5 ol #¥Y 77t desoa A
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R =0.483
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Fig. 1. Relationships between heavy metals uptake in plants and
residual heavy metals in soil.
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