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ABSTRACT

Three horticultural herbaceous plants and a natural herbaceous plant were tested to determine
the growth responses, biomass and uptake of cadmium(Cd), lead(Pb) by application of Cd and Pb
soil treatment in pot culture., The ecological effects on the growth of the plants were investigated
to determine the tolerance for the heavy metal pollutants Cd and Ph.

The marginal concentrain of Cd treatment on the growth of the each plant was below the 1,000
ppm treatment of Cd. The marginal concentration of Pb treatment was below the 1,000 ppm treat-
ment of Pb in cultivation of Salvia splendens Ker., Celosia cristata L, and below the 3,000 ppm treat-
ment of Pb in cultivation of Portulaca grandiflora Hook., Sedum saramentosum Bunge, The resist-
ance for Cd of Sedum saramentosum Bunge, Celosia cristata L., Portulaca grandiflora Hook, and Salvia
splendens Ker, was in the listed order, The resistance for Pb was in order of Sedum saramentosum
Bunge, Portulaca grandifiora Hook., Salvia splendens Ker. and Celosia cristata L.. The wilting by Pb
treatment inbibited the elongation of Salvia spiendens Ker. and Celosia cristata L. stems.

The flowering of Portulaca grandiflora Hook, was sustained in the Pb 1,000 ppm treated group
only. The higher the concentration of Pb in the soil cultivated the plants was, the less the con-
tent of leaf chlorophyll in each plant was. The number of stomata per unit leaf area was the
highest in Salvia splendens Ker, and in order of Celosia cristata 1., Sedum saramentosum Bunge.,
Portulaca grandiflora Hook., The higher the Cd and Pb concentration in the pot soil was, the
severer the response of stomatal closing was. The higher concentration of Cd and Pb treatment
was, the more the content of Cd and Pb in the part of each plant increased. The content of Cd
and PDb in the stems of Salvia splendens Ker. was the highest in the 1,000 ppm -treated group and in
order of the roots, the leaves and the flowers. The higher the Pb concentration was, the more the
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biomass of Portulaca grandiflora Hook. and Sedum saramentosum Bunge were decreased gradually.
Sedum savamentosum Bunge and Portulaca grandiflora Hook, were strong in the tolerance for Cd and
Pb. Celosia cristata L. and Salvia splendens Ker. were found sensitive to Cd and Pb.
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K-S A EBRNA Bt B pEs vt o] #EN wEHEY MR ®
3 AHN BB 23 AFHR S ARAER AMBE AE BEE Tz Aok

fpel BB kikel B3 B Maclean, ¢f al. (1969), Patel and Wallace(1976), Lager-
werff(1971), Cha and Kim(1975), Jastrow and Koeppe(1980), Kim(1982, 1987)%-°] %3t
ut it

EEB NI S BT ERME T ST ol gy 7ste (Bremner, 1965), % A
Wx 78 Hell £grH(Kim, 1984; Cha and Kim, 1975) 3 vt 53], Pb @ A 4580 A g
H 7339 oAU T HH kB R YEI o FERSR O 2 A& [kt Wity ],
000ppm EHIA LEFMIAY T3 U HEE el & ERo| 50% WA Ao 78S
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Pbe] A#EMS T A —kiyo s ol Pb B3 Bl &3] RigEst 5170 Z%
B0 2 FEMARY) olstod RIKE 1% fEHEENclA 2ol 2T Pb B9E S R T2 A eV
W SH#E 713 Al dolu 49 Port B35 8 348 71387} Holx = Ze] Pb &l
=L AT Y g dafiFae] vehA e Y-S ¥R tH(Sung and Jeong, 1977).

Jastrow(1980) 52 #E# el £ EEY Cd RiKE A ke Cdel flighal e FH% o2
TAZE Aot P @& ol A Cd Rikel ol 3 ity M= EEN ¥ S-S AH
ot Cd g3+ g0l M o) HrtEmel £ERS HEgsE B8 S5 Dol vt F, 27t
A8 #aEdon Cd 80ppm EEES Pb 1,000ppm mEEN M o] &, Halel did &E
B2 AT (Kim, 1984). ZE#A 6] Cd, PbE % % 500ppm, 1,000ppm L Eo] £EE S
#HEEY A §ASIH 2.H tomatoo] PbE 500ppm, 1,000ppm EHEN A o] £ ER-S #E
B2 Ao et b Z4AEATHKIm, 1982). Cd EE T KfEol A 7.2ppm, {EAEH-S 71.7
ppm, 93ZolA] 58.3ppm, £ 3kl 4] 15.1 ppm] Cd7F BE& & At FeHKim e al., 1980). 118
2] Zn &Eo] 30ppm¢q) IEEAEKILN-TolA HESE o}, o] 1,300~1,400 ppmé]
Zng gH sl §l o (Chang and Mok, 1977) HA 2 Cd &&°] 7.9ppm Hugol A A2 3}
EwWanAta] s Cd 289] 1,241 ppm e & v Bt 453 dvhar g,

fel E4B ke BBl & B s fitpol = il A B BERALS Yo7
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Eu},

& el A fsshii T B A Espol Pb, CdS SimE mEste RES 433 mikol
#3 FRS FUEs T, AFERMES HE, E48 Wikit FE 2 Pb, Cdo AFHS Wi
A Sk,

R Fix

REBMYS EEMYQ % TR TR AT e B S8 5B A
Ed) ol Salvia splendens Ker.)o} BEMTEIEM L1 H v 258 w=ofo)g W= (Celosia
cristata L.), 21018%} ZEHTE(Portulaca grandiflora Hook.), Tty HHE E 28 ¥
N E B EUE(Sedum saramentosum Bunge)o|® Eg&#FiEsle] EHEE < cadmium, lead&
£4% 1,000ppm, 3,000ppm, 5,000ppm EZ FE 3 Cd, PbE #Hz ol st
REHEE T KBRMEHE S RESE pot'l 28 Y fEk 3t 4R E 5t 8Tt

Cd9] #:Ag#E S 2 CdCl, - 21/, HOE #AF T Pb #t#4H-S Pb(NO,), & EHsIATH

KEWES B4 1#RAe Cd, Pbel RS Bhikst7] flsle 5B g A QM HiEsid o
o EEE 18~27CE #iFs Y EAE A T HA 2HsArh

Ao r EENE, £EHE BRESEMNE KILALE Yo REMEYE S I %
70Co A Eigsled HEERS T EE BAISId £ ER S RlEs A

Qo] EE M3 % Gilford Response UV-Visible Spectrophotometer (2506 x 72) & #
35t 645nme} 663nmol A 2] |BIEEE @ESF 2 Arnon(1949), &7 22(1983) 9 Hike
B EHRE SRS EESIITH

fEspiai ot Bzt o] Cd, Pb 2854472 ICP kol 2/ $ JARRELL-ASH Model 865A
PLASMA AtomComp Spectrophotometer 2 3}% 2 47 J7 2 Official method of analy-
sis of the association of official analytical chemist{A.O,A.C. 1970)9l 2js) g o}

R W EE

el £ B8Rm0l olXl= KK

EEEREQ AtEv| o}, M=atu], FiafEel FrAfEY BUE S AN 1 CdE AT
R o) JeEl = #2382 Table 1949} 2ot

CApEs 208%R7g ol ALEw] o} 5,000ppm EEEN A A WA Kol Vbt BEfkol X i
Blgol A ztso] Z7] Aay dEo] F3o] o Arpu HEHOF REEIEB R o] HAT
At 3 Eil A 1~2% Ax Yol ol H )

4881 #% ol Cd 3,000, Cd 5,000 ppm EERE | B K] A 31A VErHTH e EEES
shERE 7T i)

6H % 1,000ppm EEEN A& Al=H| o= HFHK T vebgn el M= 70%9) £
2 RG]l HBEAT. TR 90%7F RESIE T BB L 20% 7 £iA 2 KIEE AT
A2 ujole} ZE#ATEE Cd 3,000, Cd 5,000ppm EEREAA #FEH AT HEARARS F93A
o},

EUE-S Cd 1,000ppm BEEN A 20% 9] #£8, #5ES e 7Hg Cdel gl At
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Table 1. The responses of plant growth to Cd concentration.

Plant Cd treatment Responses
species (ppm) 6 days after Cd treatment 23 days after Cd treatment
Salvia 1,000 W(100) W, N(100)
splendens Ker, 3,000 W, N(10) W, N(100)
5,000 W, N(100)*. C(50)* W, N(100)
Celosia 1,000 W, N(70) W, N(100)
cristata L. 3,000 W, N(80) W, N(100)
5,000 W, N(90) W, N(100)
Portulaca 1,000 N(90) W, N(100)
grandiflora 3,000 N(100), C{100) W, N(100)
Hook. 5,000 N(100), C(100) W, N(100)
Sedum 1,000 W, N(20) W, N(100)
saramentosum 3,000 W, N(70) W, N(100)
Bunge 5,000 W, N(90) W, N(100)

W, N(100)* : Wilting(100%5) and Necrosis (100%), C(50)* : Chlorosis(50%)

PbE HME BR ol v X §£4-2 Table 204 9} 2o},

Pb iZ# 68 #°ll 1,000ppm EEEN A= & fity 23] KAl VeI ¢kgkon] ApEn|e}
< 3,000 ppm, 5,000ppm FEEE A FERZ ] Ve $£35) 5000ppm Eoll A= 29 7]
oA 70%7t A& BEHEE AT BE EERECIAM MRS el 9okt 238 #oll= A
2dotel M=t = 2 E Pb R ENAM HH, MIEH AT FREE & EEENA %ol X
I 3,000 ppmE o A 70%7} #4FE 393 32 30%7} Chlorosis #% S Ve 2.8 5,000 ppmE ol A]
= BF #3Es 1AL ChlorosisE 41kal ek, B8-S 1,000 ppmE ol A 20% 9] HEH ol
2.1 3,000 ppm B A= 50% 7} FHFEE 9131, 5,000 ppmiE ol A= 10% = 4 5k o)

Pbpgsol] o3k -2 208 3 mzeln), AbZvjo}, ZEm{E, SV Jgelon Ao g =
RE EHEEAAN F2WILIA 2 Al2v] ol 1,000ppm EHEENA 4 AR} £FSAYG. =
YHEE Algo] Eolutel g

Crassula A R#, K 7ESF 5 % WHEIHS Pb 1,000 ppm BEELE ) A K HEo] =5t it s A
ol Fr}(Kim, 1984).

A AR ZEMRIEE 3,000 ppm EEEN A HFEHE S o] Vebyth uhebA RAEBE S 3,000
ppm ¢l Ao g HekE}

W] Cde BRABEZL Phry g4 W2 1,000ppm ©]542) Aoz & gEA ez
AT FAERESI] EUEL FMER T gk 2R

BEMY 2571 PbEo) Cdoll 9128t Cdoll o3 s o] RREE S 1,000ppm ©]549)
Aoz AlgHch

Cdell o &+ EH M-S BEVHE, M=ahn], 475, AbEH] o} Jigo] T,

ol
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Table 2. The responses of plant growth to Pb concentration.

Plant Pb Treatment Responses
species (ppm) 6 days after Pb treatment 23 days after Pb treatment
Salvia 1,000 none* W, N(100)"**
splendens Ker, 3,000 D(10)* W, N(100)
5,000 D(20). W(70) W, N(100)
Celosia 1,000 none W, N(100)
cvistata L. 3,000 W, C(10)** W, N(100)
5,000 W, C(30) W, N(100)
Portulaca 1,000 none D(100)
grandifiora 3,000 W(20) D(100), N(70), C(30)
Hook. 5,000 W(40), C(10) D(100), N(100), C(100)
Sedum 1,000 none W(20)
saramentosum 3,000 W(20) N(50)
Bunge. 5,000 W(30), C(20) N(90)

none* : no specfic symptom, D(10)** : Defoliation(10%), W, C(10)** : Wiliting(10%) and Chlorosis(10%),
W, N(100)** : Wilting(100%) and Necrosis(100% )

HpEE o|lie BR

BEEE kol o] &7 £ -2 FART #E T Table 3049} zZr} AlZvlolE HRRENA #
HHARMA 10H28A4 108178 Alole] igEsl= ooy EHEAMNE 5 HAEAL
o] Pb 5,000 B EAN A= 10A8H LI#SH HEAR D #Esfo] vel vz A28 A=
el 22 @il Ros & REEIN M 10888 ol F FA3) £, HiLHH o e}

R, EUHES #HRET AXMHEY Kk FNE el ou ERE = s dmel At &
#7162 Pb 3,000 ppm 5,000ppm EEEN A 10H8H Lk EAB R HA Hal A A flEel R
ek BB A= 10A17H fitkste] EEIRS o] sl 2 Pb, 1,000ppm, 3,000 ppm
EEREINME OE fimrd £7) £50] ¥3Frt

Cdis #ol BEBHYE-S 30 AN % 28 FEAR o e}y Al &sto fH3EsE At

10A2H Pb E® i3} 10A30 E®E %ol hEe] ERE FAES #F = Table 40149 2o},
AlZ ) otel M=l = HREN A FALM T #Eo) Qi AbE v o}, Weglv] Ph gEERE
A BT FAE, EYUE BEEMNAM Y BAFACE O EA4J ArEvel, =g = 10838
oA 108178 Ate] Pb 5,000ppm EellA £H7 el Y-S Pb 5,000ppm B A GA]
ZEFR % o) eyt

AbEH ol Pb B #pilol] HEHRZC UEhY 49 ®BAE JPHSe™ ERTEE 108158
Pligol ##EHF o] Al Chang & Jin(1982) 9)&H ZEMiEE CAMiEmEA 7184
o] oW F7]o] KILol VeI ARl 1S R#EE I F)

Cd, Pb 3 # ZERIES] 1EYE HT F s Table 50149 2o} grREIN A= 108208
o 5703 10898 A 108178 7k2] 6704t} Cd 1,000 ppm EHEE A= #iL7F siloy
3,000 ppm, 5,000ppm EEEA A= FHEBER ) JEY £ E A7 23 Pb 1,000 ERE
X 10A178 7tA 437 A= Aot Kim(1982)2 Cd 1,000 EEEE A ZEAATES] E L8
E 2EAM A% A9 323@F I P EHEEAN A= 338EF T ok Pb 3,000 ERE S Pb
5000 EEREE 10H9H Ukl s $o]l Jel Y 108178 = w5 %K o) Yer] A2
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Table 3. Mean values of stem length of plants treated by Pb. (cm /plant)
Plant Pb treatment Dates
species (ppm) Oct. 2 Oct. 7 Oct. 13 Oct, 17
Salvia Control 17.3 18 18.4 18.8
splendens Ker, 1,000 15.5 14.5 14.3 14.1
3,000 14.5 13.9 13.5 13.2
5,000 12.5 11.3 W, N* W, N
Celosia Control 25.4 25.7 26.2 26.2
cristata L. 1,000 20.1 18.9 W. W.
3,000 18.1 17.3 W, C* W, C
5,000 15.6 15.4 w,C W, C
Portulaca Control 10.4 10.8 - 10.8
grandiflora 1,000 10.4 9.7 - 9.9
Hook. 3,000 9.1 9.1 - W.
5,000 9.5 9 - W.
Sedum Control 16.8 17.7 - 18.1
saramentosum 1,000 15.8 15 - 14.2
Bunge 3,000 15.5 13.8 - 12.9
5,000 14.1 13.3 - W.
W, C* : Wilting and Chlorosis, W, N* : Wilting and Necrosis
Table 4. Mean values of number of leaves of plants treated by Pb. (per plant)
Plant Pb treatment Dates
species (ppm) Oct. 2 Oct. 7 Oct. 13 Oct. 17
Salvia Control 35 38 38 38
splendens Ker. 1,000 24 22 22 21
3,000 20 19 19 18
5,000 17 12 W, N* W, N
Celosia Control 15 15 15 15
cristata L. 1,000 17 16 16 15
3,000 8 6 [ 5
5,000 9 6 W, C* W, C
Portulaca Control 17 18 - 16
grandiflora 1,000 17 16 - 14
Hook. 3,000 16 12 — W.
5,000 18 13 - W.
Sedum Control 30 27 - 25
sarameniosum 1,000 26 20 - 17
Bunge 3,000 27 21 - 18
5,000 26 18 - W,

W, N* : Wilting and Necrosis, W, C* : Wilting and Chlorosis
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Cdut Phg#E ol M 1,000ppm7t= & #:F 8k &< /Hsk7h A4 = 3,000 ppm LUk EEE

ME fEge ) e AEe BEE Wol sl wES FE Jdos dddrh

EHBXE SR
AtEulo}, di=alu] EiRfE, EUE o PoiBE EkE B MERF FHfEc Table
6o A e} 2o},
Table 5. Number of flowers of Portulaca grandifiora treated by Cd and Pb. (per plant)
Heavy metal Concentration Dates
treatment (ppm) Oct. 2 Oct. 9 Oct. 17
Control 5. 6. 6.
1,000 2. 2. 2.
Cd 3,000 1. w.* W.
5,000 1. W. w.
1,000 5. 5. 6.
Pb 3,000 4, 4, Ww.
5,000 3. 3. W.
W+ : Wilting,
Table 6. Mean values of the total chlorophyll content of 4 plant species treated by Pb. (mg /g)
Plant Pb treatment Dates
species (ppm) Oct. 2 Oct. 9 Oct. 14 Oct. 17 Oct. 22
Control 0.59 0.52 0.46 0.46 0.43
Salvia 1,000 0.38 0.33 0.27 0.20 N*
splendens Ker. 3,000 0.43 - 0.35 0.22 0.18 N
5,000 0.35 0.27 0.17 0.15 N
Control 0.37 0.36 0.33 0.31 0.24
Celosia 1,000 0.36 0.27 0.21 0.17 N
cristata L. 3,000 0.29 0.22 0.19 0.14 N
5,000 0.38 0.21 0.14 0.06 N
Control 0.31 0.29 0.25 0.23 0.21
Portulaca 1,000 0.25 0.17 0.16 0.14 N
grandiflora 3,000 0.23 0.19 0.10 0.09 N
Hook. 5,000 0.20 0.16 0.07 0.06 N
Control 0.30 0.35 0.32 0.30 0.33
Sedum 1,000 0.43 0.38 0.25 0.24 0.19
saramentosum 3,000 0.46 0.32 0.32 0.23 0.14
Bunge 5,000 0.41 0.25 0.21 0.16 N

N* : Necrosis
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HEES ERZTES MPHE s 2 AlZ8of, Weglv], BUE, EREe] iFel
3 FAfEm EUYEL 10828 B 10A220 9 thA &l soiwoy v A 35 Mm-S
A FAE el

PoHEEN A &S EE vshr 10898 LItk e S Jeldch AbZb]o} 5,
000 ppm FEHEEN A EEFS 10820 0.35mg /gellA 10A 1489+ 0.17mg /g, 10817 H o}
= 0.15mg /go 2 F23] WolHth Mgl doME 10820 0.38mg /gL 52 F &
ot 10A14H 0.14mg /g, 108178 = 0.06mg /g2 & 2 ffaS JebH 2 Qict, o] 7
< 5,000ppm EFREC A HEHEFE FE WABERS B E, SUBAAHE 23kt oo 3l
ARAQ FRHS BHRAROE ALEHY B35 BB ES 4o ke 4233 B E 29
e Rog gawn

Pbol EEBE7} oA E #BKES FRC UL 428 #EE Jehlledy 28 FRS
tigErpol FEFEE Pbr} o] 238w o] el ks At kS o Hidy Aol £FEmQ BB/S
dodle Aog AdE™ 1 HEREE 1,000ppm FEE Y thE 3,000 ppm EHE) A Alsia] 5
000ppm EE RN M= SAAU Cd EEEA A o9} - Ay ERHLo CAER % =
Al YERRL o Phel gt A4 o] w23 Xy Ho|oxM FEE V) Eou

3o 2met METE

FEFRE O] FILS R ol lom AR Z7v 7B, #Thie 2 Aol Exsle
A9= ok gilo] #ExmA T 9l Zl(epistomatous), EE T 9= A (hypostomatous),
ol 9= A {amphistomatous) 52| A FAle) . 3] BT AAY #EANAM R} &
mol o 22 &lo] 2t (Meidner & Mansfield, 1968). &FLY =719 wEEd &3t Mgt
2oh(4, 1986; Cohen %, 1982; £33 2=, 1972). KILTF EEEA 2 A Koo sl
o EvtEA(Tal, 1966), N7I%EE 2| 3@ #Eswol M (Rentschler, 1974) z+z} &ILY) 3%
B, 271 ¥ %y #aFo] FA uel #EEERA 2oyt &S Wit Winners}
Mooney(1980) = SO.°ll 93+ M E 9} I #¥1:-S Q#sle pisld . CAMuE S 8-S
A SN gHEF Y o] Egelel A, BAdgo] v KILE dviE AR S Yt
(Nobel, 1976). 3% 5(1981)-2 ®ILBAMA S FLigMAnA 2l Ko} Nat o] g8 #ate] 93l
ul lt},

BHEMEY FRILAEE ELBEE %o 5E 23 APFch HEe MiE =271 Photo
1914 Be wkeb 2ot 4fs Immi2 gl Bax8 73k AL2obe= 21370, =gy
= 10570, ZE#MfEe 2371, BB 4424 RILEE = AFEH o7} 718 =9k Bt 7
e Aoz eyt L3 A FAE Fee Al2v)otel wlegnol A & AT} e
&7 & ¥ (anomocytic type)ol i FHixtEy &l & (paracytic type)olw EUES BEFFH
(anisocytic type)el%it}. Cd, Poig Bl 7} 5542 A dAtol AshA Jebtom =M,
EUE Y KIS 2ol H-& Holqlth Pb EHE # S5Ho] Xt 10A8H #AEANA @l A3 Ao
vheRSECE,

iy o %A cadmium=} leade] 2
EiEtrol Cd, PbetE % kith WAz 5) Cd, Pbel &8 Table 7oAt @}, AF=4H]o} Cd,
Pb 1,000ppm EEEIA A Z7], #al, o, € IHoE g8c] At} Cd 3,000 ppmE = 7)o A
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102.53 ug /g, QoA 8548 ug /g2 & Cd 5,000ppmE el Z7] Yool gRET Egdth 18
W Bl A 46.12ug /g, 2ol X 34.26ug /g2 Cd 1,000, 3,000ppmell A el daknc) 45
3] w3kl Pb EEANAE BEY 2255 S5 8ol Ut W=t Cd 1,000 ppm,
Cd 3,000ppmEN A &710149] &&o] th& &t F34ar Cd 5,000 ppmE ol A= 2ol A 9]
garol 713 =9dth Pb 1,000ppmEl A= oA Ph 8] 714 =skoen Pb 3,000 A
= %e], Pb 5000ppml A= E7]oA &8l 71 vk FafE Cd 1,000ppmiEoi A e ¢
NA 71 gol FEHAL F7144 AY ARk Cd 3,000ppm, Cd 5,000ppmol M Ha 2
7)o A Fo] BEE AT

Table 7. Mean values of Cd and Pb uptake of each plant in soil treated with Cd and Pb, (ug /g)
Plant Plant parts
; Treatment T e
Species Root Stem Leaf Flower
Control T T T T
Cd 1,000 5.79 15.60 1.44 0.85
Cd 3,000 17.88 102.53 85.48 16.97
Salvia Cd 5,000 46.12 93.78 73.22 34.26
splendens Ker. Pb 1,000 2.27 7.61 0.56 0.12
Pb 3,000 10.47 27.75 5.74 0.87
Pb 5,000 78.54 48.43 29.13 2.84
Control T T T T
Cd 1,000 20.06 44.58 13.22 10.08
Cd 3,000 51.71 68.53 37.74 11.48
Celosia Cd 5,000 128.48 71.42 61.80 180.13
cristata L, Pb 1,000 3.64 1.92 4,18 0.24
Pb 3,000 69.11 50.97 16.30 5.71
Pb 5,000 96.82 104.40 46.41 2.28
Control T T T T
Cd 1,000 15.42 6.40 38.82 7.06
Portulaca Cd 3,000 20.68 46.45 87.63 27.88
grandiflora Cd 5,000 27.58 72.37 96.68 70.07
Hook. Pb 1,000 4.59 4.14 12.43 23.26
Pb 3,000 15.61 22.45 55.52 15.07
Pb 5,000 65.96 42.67 58.37 26.54
Control T T T -
Cd 1,000 31.16 43.33 41.45 -
Sedum Cd 3,000 54.76 100.62 62.81 -
saramentosum Cd 5,000 87.52 110.97 79.51 -
Bunge Pb 1,000 4.74 4.50 12.28 -
Pb 3,000 58.57 22.28 57.60 -
Pb 5,000 53.71 84.47 93.53 -

T* : Trace
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Photo 1. Stomata of four species studied.
@ Salvia splendens(x 400) @ Celosia cristata
@ Portulaca grandifiora @ Sedum sarameniosum

Pb 1,000 ppmiE ol A= 2o A 23.26pug /go2 714 B E7)olM 4.14ug /gl 2 7} B2
2t} Pb 3,000 ¢k Pb 5,000 ppmiEo) M= QoA &% 55.52ug /g, 58.37ug /g o2 &) 7t
7 =gt} Nicklow 5(1983)2 PbE 5~600ppmBEHE &F + ol A 79, AR, H28 i %
EREE TS R BEV 255 A3 eld A Pba el b o

o} £(1983)-& FerEguibigol A B AT MWE S RIS CAda B S 773 &8 1A 43,
TEHY e EA GEba 1327 1.08 ppm, H& 0] 0.99ppm, % 0.53ppmoE W ¢ % &

S

BS Yeble ol il o P ol & e 952(2.9ppm) A1 i+ Pb
HE e 1.07ppmel st fvh At Zvlol Mol Cdgake]l £ 02 Uehve AL w9, ¥
o<1

ZUE S 2.19ppm, TH| 0.61ppme. & Z&o] ¥ Holyvh Phago] £z 1}
Vs fiS W, WEUEA 1, 44813 3.36ppm, ¥
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%X Cd 1,000ppmE A o] & #BALF] & &l 2 sl ¥ &} Pb 1,000 ppmE <} Pb
5,000ppmE | A= YA 8] AU F%3 Pb 3,000 ppmE ] A 72 Ba]of A o] & &0l
A ERAT Ao R & Aol AAc) AFslel EUELS ALEuiote} M=aln o) v
Al 43 Fol Cds} Pbel &80l & Aoz JelWul FERfEs e 8o R Hol R
Cdu} Pb7l 23 o] AdM e A AR AL dddn EUEE 22 &9 Cduv Pbs
st Al chE fEfp R o B ol Adte] ol & £ Aol E& B Uutigol X 3
2 fad,

Cdet PbE jEE 3to] AlEnjo}, mizgln|, ERE, &S K H 1859 Cd ¥ Pbe
FES B Table 83 t}h A}=2u]o} Cd 5000ppmEAN A 5.98ug /g0 2 +18K Cda ol
Vg wkov] AL2H|o} Pb 5,000 ppmEol A 5.04ug /g2 2 3R Phg ol 7bd =qich %
miEet S Histih o] Cd, Pb B &Eo] AL2n|o}l, e abn) o g i) Au) 2L
S YElll = 3L 2R FRES EUEo] Cd, PbE B9 278 53t o, ZE,
Ao 2 WBAIA N HEste HRE #EAT CdY B Eo] Pbol kil 489 A2
Kim(1982) &} #sesRet A X130} slEREEN A Cd, Pbel &0l Zrlsle A Z
A=

Table 8. Mean values of Cd and Pb contents in soil treated with Cd and Pb after plant cultivation

(ug/g)
Heavy metals

Treatment’ S. splendens C. cristata P. grandiflora S. saramentosum
Cd Pb Cd Pb Cd Pb Cd Pb

Control T 0.08 T 0.08 T 0.06 T 0.08
Cd 1,000 0.67 - 0.91 - 0.74 - 1.05 -
Cd 3,000 2.54 - 2.93 - 1.98 - 1.34 -
Cd 5,000 5.98 - 4.37 - 3.78 - 2.87 -
Pb 1,000 - 1.14 - 1.29 - 1.39 - 0.55
Pb 3,000 - 3.18 - 3.79 - 2.59 - 0.74
Pb 5,000 - 5.04 - 4.97 - 4.44 - 3.86

T* : Trace

£ER olXes BE

&Y A2 o, W=gln, RS} BABEAEYSY SUYHES Higti#d Cd, PbE i
3 #% % hifpiso] el e ML Table 9, Fig. 13 Fig. 20149 2t}

Cde] #E7 5€4E s H L8, HTEH 2 28 My £E8S BAHE @hs U
bt Page ef 4/.(1972) 2 #WES st A BERES Wl CdeaS #Ax e 279 M
Wigol wel —E 3R = Fout ko] ¥ 50% A H AT Fie} o9k 2L HRS A B
Fol| M 22 HfS VFeb T #53] 1,000 ppmpEE ] A F 43 M%) YEgoy o)E
HME e CdEE e £HHER ddEu Al2nolE A 93 M=), Mm% 2 EUE
& 3,000 ppm, 5,000ppm FEEE A 1,000ppmEEES}F 2 2]z 2l o™ 3,000 ppmE ol A
< 1,000ppmE LT 2FF F7Hste Mm-S JeR T i EERV A EE O] ko MY &
ERC HEEY A 3l vl 9 Yol T/Rigol M RERC A4 Eodr)
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Pbe| RHIREL S &55 HEREC] M EHE HRS CAEREEINANE 23tk Pb 1,000 ppm
Eol| A W=zgto| o} Ap=ujole) 4 FE g o] CARBEN A9 o] F43] Wold 1 B Mg, FHATE
T SRR ML e AR o] VeSS M IR R ERC] MR ko M
TERol A of Popg#ol ol £ @R MAHRo] ¥R o XA Jebuth T/RIEE #
RE toste] Bmshe fiag vebdch Al2nlel, Wzaln), e, EUE o CAERE
T/RiE7} PhigBEE AN M Boh £& R Bol Cde fiispitel o v 2]+ 4ol Pbrch & 3
o2 A Cdol #iteo] Phrtl o & o Algdd),

Cd, Pboll thgh #EHiMES SvhEo]l 7bd & 2o s dhdsn FiE, AL2ulof, Wi=alo) JEe
2 Sl A AFRENME 22 i JEpd T

Table 9. The effect Cd and Pb concentration on biomass of each plant. (g in dry matter /plant)
Plant Treatment
species (ppm) Top Root Plant T/R
Control 2.59 1.86 4.45 1.39
Cd 1,000 0.87 0.48 1.35 1.81
Cd 3,000 0.89 0.14 1.03 6.36
Salvia Cd 5,000 0.63 0.19 0.82 3.31
splendens Ker. Pb 1,000 1.67 1.09 2.76 1.53
Pb 3,000 1.98 0.76 2.74 2.61
Pb 5,000 1.40 0.41 1.81 3.41
Control 4,18 0.39 4.57 10.71
Cd 1,000 0.44 0.01 0.45 44.0
Cd 3,000 0.47 0.01 0.438 47.0
Celosta Cd 5,000 0.40 0.02 0.42 20.0
cristata L. Pb 1,000 1.59 0.14 1.73 11.36
Pb 3,000 0.98 0.10 1.08 9.8
Pb 5,000 0.85 0.07 0.92 12.14
Control 0.67 0.05 0.72 13.4
Cd 1,000 0.28 0.02 0.30 14.0
Portulaca Cd 3,000 0.31 0.01 0.32 31.0
grandiflora Cd 5,000 0.29 0.03 0.32 9.67
Hook. Pb 1,000 0.59 0.07 0.66 8.43
Phb 3,000 0.44 0.05 0.49 8.8
Pb 5,000 0.47 0.05 0.52 9.4
Control 0.96 0.29 1.25 3.31
Cd 1,000 0.64 0.02 0.66 32.0
Sedum Cd 3,000 0.91 0.07 0.93 13.0
saramentosum Cd 5,000 0.66 0.08 0.74 8.25
Bunge Pb 1,000 0.87 0.25 1.12 3.48
Pb 3,000 0.79 0.20 0.99 3.95

Pb 5,000 0.71 0.19 0.90 3.74
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Fig. 1. The effect of Cd concentration on dry Fig. 2. The effect of Pb concentration on dry
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w B

& W EERY AL2Y)oHSalvia splendens Ker,), MEZu] (Celosia cristata L.), &%
(Portulaca grandifiora Hook.) 9} B4t B (Sedum saramentosum Bunge)oll P A= HE¢
18 cadmium(Cd) ¥} lead(Pb) o] +ugEsEsRol o3 £HRM, £ER L HEHRR, Cd, Pb ik
RS M Fxele B4R Bl #3 fim ) IEMES FRATH

AtEnlobE CdEBmg AY WA #igkol FEIMKC) Jel S o HIERR S THstAt #H
fHEF S EHRIES} ALZH|ole] Uk 7)o A Vbt HFEHR S-S ALEH] ool A o RIsHA] L}
Bhkon e, Wogtn], SUE IEe.2 Jebdth CAERE &te 238 #ole =7 #5H
ot} Phi® % AJ2v|olt A% HEHLT LB K] YeEl G Ao ZRAR Y
#iEgol Ueldt). 23A % 2% HMMIESIATH e, BUE S 2V e Wegdr| e
8)2=3h A 8kS Ve Th AT 5,000 ppmEEE S Al sty AN AEsHA T Phigsel 9%
KRS 200 #% M =abn), Ab2u]o}, i, SUHE IR AT Mol £ K-S Pog#E 2t
CdEEmENA 0 2sle] 270 #IERR S Fstdt 2 FERBEE CAREEREN e & 4

E0] 1,000ppm LI FQ Ao YEb T PhfBEE X = A= of, sl =2tv] = 1,000 ppm L
Folw, e, SUE S 3,000ppmel Ao dere Tk Cdoll W EhiES Evbe, W=,
HERTE, AF2 Yo} JEOI QT Pholl e EUE, FAafE, Ab2 Yo}, Weln] Jge g Yeisit &
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e o] R T} sEHEC] sl

At2vlol, fi=alu)= PhBEN A Z712 & Eo] HHZ sty JAHYT SHHEdM =
A=A E eb U o] X E At

At2d]ol= Wegln] Ph@Eol A Bl i, EUE REEAA i) mLEAt o
AT, Fmateol A Fite Pb 1,000 ppmpEERE ol A7 BEE7 A& AT}, #wkE 28-S AL
Eu|olr} 7} wga w=av], EubE, ERTE IE0) ek PhE®R #ols L8 Mol A W
EH-S el o EREEI 252 oS HAHdAT FILEE S AL2Y|olr) 7hE H9
megn], SUE, ERE EelIth Cd, PoEBREEY =S4F B L] A3 velge
W ORI, EUE] RIS o] 2 Holdh Pb, Cdol mAEBE T #8542 E fiEol
AR & &) Srhshe HmS 2uh. ALEd]o} Cd, Pb 1,000 ppm EEEN A Z7] 9 &80l
AY w3 e, o, & JEeIh W=agtn 1,000ppm, 3,000ppmESl A F7]o A8 &&ol
AY FAIL Cd 5,000F = ZoA gl /M Uk Qs BVES Y 24 Cd,
Pbe] & &ol w2 Aoz Uelyth EUES 22 89 Pb, CdS Wikstd A igHitEo) #ato
HERE Bl 339 s Sado)

ERatEe BVES AERS Cd 1,000ppmEA A thA WA E Qo PhBEd s #E
7t old 4R AR BABS S Bk WEge], AFEd] ol 1,000 ppmERE RN A FH 3]
SHES Vel o CAEENA o Ao EUE #8465 Cd, Pbel iE#ito] sl B=
gho], ALE |0l WK 2S5 E WA H o Kol smdich
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