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ABSTRACT

When exposed to 1,700 ml of 0.089, 0.445 or 0.890 mM /1 cadmium solution, dock (Rumex
erispus L.) plants from heavily polluted Chungrangchon site absorbed 0.0404, 0.2244 or 0.4929 mM
of cadmium per g dw during the first 4 hours, which were 5.0~30.8 times faster uptake rate than
those of water hyacinth (Eichhornia crassipes Solm, —Laub,). Zinc, with which cadmium generally
occurs together, did not affect the uptake rate in the concentration range of 0.0306~0.0918
mM /1.

Rumex crispus from Chungrangchon site and from less polluted Shingalchon site, when exposed
to 1,700 ml of 0.089 mM /1 solution for 3 days, removed 68.4 % and 63.2 %, repectively, of the
cadmium initially present in the solution. And when exposed to cadmium solution of the same con-
centration for the second time after cadmium-free hydroponic culture for three days, these plants
removed 76.1 % and 66.8 % of cadmium, respectively. These removal rates were not significantly
different between collection sites or between exposures, but were about 2 times greater for the
first exposure, and 25 times greater for the second exposure, than those of water hyacinth.

These results indicate that Rumex crispus can absorb, and thus remove, large amount of cad-
mium ion in wastewater, and so can be used in wastewater treatment, e.g. soil trench method.
Since there was large difference among the plants in the ability to absorb cadmium, it should be
possible to select for strain with greater ability.
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2ol B2 AN ol B4l mErF A4 Y 2~3) B4 Yelvya e, 4
g Aol = 90ui7E dET (% 5, 1982: 2=} &, 1980).

ol BSBITE F V= ES dvrHo g Tk 3 EAste], s MEHS BRI A
L%, Ebolo] A, et 5o EEMFAA BEOL P w, MmN 0.20~0.26, #EHH
ARl A 0.42~0.54, AEHE Elojojoll A 20~29mg /kgo] M= I ATt (Levitt, 1980).

TH=ES BIEHS T o] F Rk ol (&, 1989) 2l HEH EEES WA
I (FF 5, 1983; Wajda e al., 1989), BEBiMo Rl k=D B, FH 2 %5%94 E5 415
BERS, BEfbiE, BmB 2 2, A T, el BE 59 mike] e, Ao A A
3 S FfEshe olgtol-oletolize] KR He Aoz 4 2tt (Klaassen, 1980; 3l
B2 A3, 1991).

ol L EE M BRE & BMtIe WHLEE FE W, (LBRM REY MEHES o
S Epey KEL o) 85 nUTH (R EMAZHT, 1983). 221y o] 2| & mEGHRE S #E
2 EE B2 BAC ESEZ, FmpE e IET 28] B4 48 Bk o g EE
Mgkl = WAL ol vhe K%l RE7 Ak

EEMYS Yo R WAEmET) 2B 21 SEER #rd A gatite] 2o,
faol MM e Rl ESBMTRE S HiES FMIT 24 metallophyteZ HHH = A
= Utk Bl B Minuarta vernadl Bal= g3 7= BS 22} 26,300 2 382mg /kg dw, L
2 I Psychotria douarrer®] ¥l AL 92,000mg /kg dw7tA] sl Ao2 f@es
v Suth B obulEl B2 Mo A Q) oS @Rkl vis) o) mHol hE mike] S —
3t £ chemo-ecotypeo] ¥# A flof, olel g wikol k8 + e AYS Jeph gl
th(Larcher, 1983). '

wEtA ol s BEHEE Y] ol 22 NS Hikd Solu EUe) B o &3tele
RE7F #ATE I e (Rogers and Davis, 1972; Woodwell, 1977; Dinges, 1978; 2%} o],
1979; McDonald and Wolverton, 1980; Chale, 1985; Sakurai, 1988; 4r, 1990), ©] <} BRg# sl
Kol HyEA e el kik Hrol B WREE 8 #TH2 AT (Page o al,
1972 Cooley and Martin, 1979; Wolverton and McDonald, 1979; Tatsuyama ef al., 1977;
Chigbo et al., 1982; O'Keeffe et al., 1984).
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W, B EiRoln B dte 4E719 1A ol 679 3 WMEEFL HEso BT, #X
g Fol|l E71c LS RERT F=vh(ZFE, 1980). €E7] ol9dx el A M) LAY}
o 22 HEfE dIsty, LEE] 200g Ll ko] He A= HA g}

K AHLE S A SEE PARE RFE F2o RIS REE O ARe
TEER FEe ks Erel 588 HEINAT FRINS AeA FRE WIoR, RIFE
HZoj A ¢] BOD= 180mg /1, 7H=% #E < 0.0015mg /12 #&9 v AL(k 5, 1982), HiB
N olvche ¥ 4 Fixo] Qo sy REME 249 BODE 11.4~24.
Omg /1, 71=8 E= 0.26~0.85mg /12 F&E vl k(A9 7, 1987). ©] F ol A &g
Aol 4D Z(Humulus japonicus S, et Z, ), E o} (Chenopodium ficifolium Smith), 7o}
A E (Setaria viridis Beauv.) %3 37 (F L] s,

19861 8¥€ /ol ol 5 Mol X o} A BATEEE ] D3tx] Yo} MEET JI3, L 15 cm
Rske] AElAe] Zt 40 A E JHo3 R Held] o] flo] RE, RBEER EMsIe &
B2 Q& vhd 108 M KnopH ## oA K#sizst # KB #ASIAT ASHREEHE 5
Wi #8 = styrofoamoll B, HH Aol ® JA=F stPed, MR ERFZE FMASIY 31/min
o ZRE EAFOZM B BmEE Hiaste FAl Bl F RAHEE stath

FIEE BEEE WE

Aol tiplrt A= F BE ZHAJAS o R BcEEES Axstr] $s8)
iR HES cElAo] 12 S BERPOE BIF 1 B HMAKA K#bREe o
< 0.089, 0.445, %=+ 0.890mM /1(10, 50, =+ 100mg /1) 2] Cd+2 ## 1,700ml7} ol += W
f@ifel PVC &2l 1 fEsey ¥ 1, 2, 3, 4, £ 6 8%R %ol mmol Cd*? e E #iEstch
F= B2 8.90mM /1(1,000 mg /1) &) CA(NOy),. 4H,0 #E 7 -& stock HK .2 A&t o, Z+
WES sl ol9} 22 EHEE 4 KMLE 319t it dolA e} nlF71=] & styrofoam
o ElEsl i Ao o UEF I, &2 B IRE FAFAL

Cd™ mEEs £ JERE old 2} &8l A 100mie) # -8 Bate] lonalyzer (Orion, Model
901) ¢} cadmium® & (Orion, Model 94-48) % single junction & E# (Orion, Model 90-05)
£ AH8-3te] KA /10 Wi o2 RiESHH v cadmiumB# ] slope =l B #IESIH oF. Cd*?
BYCEE = 5 PIERER Alol 2] R Lo MBS A2 HENAY, sRBOZA
W EollA] e me) CAY IRES 2 B B EIRsol BIE S o o] bt
AL o2 vl Fo] Cd*?9] ko)) 788 RExo)o M HOo8 A% ME ETe dojubx &
}A Aoz Az,

2E KBS 8A~10A FikolA Falson, Wik % T F 2 WS Wi 70CoA &
Bol @ W7A] gRAIA Bl K EERS 0.1meg7tx] BB Cd™? RICEES Hpe &E
B(g) 622 AN 1 KR 2B SRS OE ST, B &B0 e
& RGES BB E St ot

=8 ol ciet el i
TR RS 2ol 12 ERS RIERE BIF, dolMel ge wyoz msts
2 &l = 0.445mM /1(50 mg /1) 9] Cd**s} #7 0.0306, 0.0612, & 0.0918mM /1(2, 4, &
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= 6 mg /19 Zn*?E Zn(NO,),. 6H,09] iz i stEth 7B miE #9 i 2 kik
HES HES Jolg g2 uylog sH)

2e2|dole| Fl=F WigkehH

FEINE R FEEAN RED Lede] 71 5 S BE AoMS} B WYHoR (.
089mM /1(10mg /1) &} d** wrimgoll #ii, 30 Fo] el MEES MESAT °) HimieES 38
M Knop# #&#oll X A#tisz st § oha] 22 el Cd*2 ol 3EM ERBAZ oS B
o MEE MEstHch 3 Aol CdY E T TS subsampled HlEsIGon, I HEE
nested 4 # T2 A8 o}

R AEE

FIE=E RBEAE
HiREl A BES Lol HER(PHIIEERE)LS 1.28610.24] golAo, B K
HE Alold RERS ERE FHESH FUt} (F=0.557, df=1 and 9, p>>0.05). °|& &
WoFe NEES wE EES RIS ow (Table 1), 2 ®EE AR $2 7l=8 #ME i
Faled gEE S| HwnslH et (F=39.31, df=2 and 41, p<<0.001), | BEAA 25 B &
Bl whet #@3le] biphasic 8 BUIEE! (O'Keeffe e al., 1984) S JEMHUT) wheby BR &
Bl WHE fEMHHE HER 1 g ¥ B KRR (Fig. 1) 9 & mEol M2t Z 287 e
o, t& Fesi(h)olet & o R RIkE(mM /gdw) Y&
0.089mM /1 ## © Y = 0.027t**, (r*=0.98)
0.445mM /1 #%# Y = 0.110t*%, (r*=0.99)
0.890mM /1 % : Y = 0.302t**%, (r*=0.97)
o] EEFERSZ el 4 At
By &2 (Eichhornia  crassipes Solm, - Table 1. Temporal change in cadmium uptake rate
Laub )& wul4dat EES S = (mM Cd*2/g dw /hr) of Rumex crispus
BA el EeM Rikae o) e 2 Mg from Chunarangehon site a various i
da) a8 A o, AR BKEEEC ’RA

_ Time, Initial Cd*? i

971 39 (Rogers and Davis, 1972 ime. nitial Cd*? concentration
Wolverton and McDonald, 1979; McDonald hr. | 0.089mM /1 0.445mM/l 0.890mM /1

1 0.0230 0.1118 0.2906

Wolverton, 1980). o] ## cEE 1g 2

and zver on 19/1)0 ] qug ‘ (f IV 0.0057 0.0354 0.1011
0.089 = 0.890mM /1¢] 7t il 40 3| 0.0097 0.0481 0.0566
ZRE 4 8 F<tel 0.0081 2 0.0160 mM 4 0.0020 0.0291 0.0446
(0.91 2 1.80mg)& Kikstdt (O'Keeffe et 6 0.0070 0.0428 0.0256

al., 1984). ololl B3t & FErol AHEE &

Aol 4 B S0l S MES B 1,700 mEN-E 0.0404 £ 0.4929mM & BIKER 2
oy, ol B S uate 50~30.8u9 & BICERERZA, 53] mMES F1=F BRI
o] Wik g 7T B S A sy
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Fig. 1. Time course of cumulative Cd*? uptake

(mM /g dw) by Rumex crispus from
Chungrangchon site at various initial
concentrations, O, 0.089 mM /1; @, 0.
445 mM /1; @, 0.890 mM /1. The curves
were fitted by power regression,

Cha : Removal of Dissolved Cd*2 by Rumex 141

o °
o Q
T

[-A]
[=]
T

[
Y

PERCENT Cd*2 REMAINING

A n F 1 L

s

o
[ .}

4
TIME, HRS

Fig. 2. Time course of percent Cd*? remaining
in solution at the three concentrations
for plants from Chungrangchon site. O,
0.089 mM /1; @, 0.445 mM /I. @, 0.890
mM /1.

ol} o] ejyolol ofaf WikE F mMol FolUE A=E B #4443 &l D Ak
2 vehiE g mE MR qlol(F=2.03, df=2 and 50, p>>0.05) 4|23 BR ML E U
EhRATH(Fig. 2). BEEE 4 BRI F-o 0.089, 0.445 F 0.890mM /] & # ol got Y& 71=5F9 i

2 Z}7] 73.3, 70.4 2 64.8% 24, 0.089 £ 0.890mM /1 A RSz oF 69 %
90%(O’Keeffe et al., 1984) 9} vl 3ld, HHE e ZRE BET o, LeYo|7l 53] HimE
BHANAM CdreE E4 meE HES 49 2L B BRETOZH Bk B0 S age
AL g F At

FIEE ®ixol cHet EEfnol B

HenS dipilgol M EET 2elAelrt 0.4
5mM /1¢] BB 2N H Ft=EE BRikshe &

Table

2. Termporal change in (Cd+z uptake
rate (mM Cd*2/g dw /hr) of Rumex
crispus from Chungrangchon exposed
to 0.445mM /1 Cd*? solution, in the
presence of various amount of Zn*?

Time,

Zn*2 concentration

0.0306mM /1 0.0612mM /1 0.0918mM /1

(=220 SR SR

0.1378 0.0927 0.0867
0.0484 0.0456 0.0572
0.0616 0.1029 0.0857
0.0464 0.0422 0.0464
0.0281 0.0102 0.0163
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Fig. 3. Time course of cumulative Cd*2 uptake
(mM /g dw) by Rumex crispus  from
Chungrangchon site exposed to 0.
445mM /1 Cd*? solution when various
amount of Zn*? was also present. O, 0.
0306mM /1; @, 0.0612mM/1; @, O.
0918mM /1. The curves were fitted by
power regression,
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gl 7ol EMS vx]#] ¢skrh(Table 2). 0.0306, 0.0612 E& 0.0918mM /1¢] Higho] #EFT
o] WIEA FL =B BUBGHEE Alolol ALl RV 1S Wl opa), el WE oA BEgAO] K
3t2] &= 0.445mM /19] JI=F HWOEZHEQ JtEF RYCEESE FET EZH7 Ay
(F=0.29, df=3 and 12, p>>0.05). wie}A] BRIEiEC T 7l= 89 RigkikE (Fig. 3)ol=
ERERIME ] Aol fliew, selold 9% Kk F FoldE =g Ha(Fig. 4) = EH
R o] 28 W] okotu)

R Sge e guh Einel mE €4 58 A Jl= B RIGEE7F Dol oY, BN
E7 A BlERc g4 Bg Feoe 1 pes WA It OKeeffe et al, 1984). E3F
—& WEmS A = Ee EREEES =BT 8 Eine] ohe dhe ikdte R
2 28 # o} (Misra et al., 1983). £ RENA e Qo) 7= g Mok o3 sEenel &
wo) A9 RAY AL Fr=Foll 3 Fmene M7 A WEQR), B fEoll mE ERIAA
= o fEsojor & Ao},

o] S #FE, S3] Wino) L= FET Hiko] HE Wk ohle}t MA METEKEE A
ZET o, dvtd o2 sl=Fo] meny I HFaISY suiEte 1 Mg 18 54 & FE
fEtol 213 Fl= & Rikol ZEsno] HEW HIKIERS UYEhiAE 28 AU L Fk 3t (Misra
et al., 1983).

Jo o

Aa|gole] FJIEE BUHEN
i) FE)g A B AejAole
0.089mM /19] 7}= %8 ## 1,700mlol 36 M
FHEASE W 27 0.60910.004mM (F34
mresz) 2 0.0563+0.00TmMS BRIk
(Table 3)3tdd & R gllen(F=0.
481, df=1 and 16, p>>0.05), ]2 68.4
0 . . L . . : % 2 63.2 %9 W FE|Uet, FHSFS
0 2 IME. HRS ® o WSl il 400mMo] FHHAE W 12
BeRfo) 0.0125mM(1.4mg) & MRiksta, 29
Fig. 4. Time course of percent Cd*? remaining o] B E WIS EBmE A Lot 35%2
in the initial 0.445mM /1 Cd*? solution %3-S JeEATHOKeeffe ef al., 1984).

for plants from Chungrangchon site,

—
o
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[=]
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when various amount of Zn*? was also webd 3B FH=E BulkegTel slef 22
present. O, 0.0306mM /1; @, 0.0612mM Ao} ok 4. 790 FH 1, BEEE oF 1,987}
/1; @, 0.0918 mM /1. HAok 28 B ol visl 3B K

Yol Aol F & Atele] ZRIL BT Re
2 2o 2 olE B3] Eb el MEA =FE RkATe S & U
shto] fspmac] JEHE Ew oA BE FM89) subsample Abeololl & 3B M Bk Ft=F <
Boll Aol 2R o] A= FimE Mg #Ee e A%TS RAF 3 Lo, 2 Hl
A BES HEWEE Alolde AA e 2RV ATHEF=2520.85, df=16 and 20, F=<0.
001). ol& ©] tEE Ao M= N=FS] B E W wWikEo) BEsHA fEA3HA
oo, weEtA o] # Wl fEgE vt doluA] FUES Bk KRE JolN T
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Table 3. Total amount of Cd*? absorbed in 3 days (mM /plant) by Rumex crispus from
Chungrangchon and Shingalchon site exposed to 0.089mM /1 solution. Each value is a mean of

2 subsamples
Chungrangchon Shingalchon
Plant no. 1st exposure 2nd exposure 1st exposure 2nd exposure

1 0.0692 0.0460 0.0551 0.0810
2 0.0779 0.0702 0.0328 0.0758
3 0.0539 0.0731 0.0322 0.0582
4 0.0430 0.0742 0.0784 0.0714
5 0.0605 0.0750 0.0828 0.0110

0.0609 0.0677 0.0563 0.0594

Mean
0.0643 0.0579

A3} o) F PHrolA HES HBHE Alolde = E kRS & 287 ik 28y 2
& BTl A BB HEHE Atoldl FL= B RkiEo) 2 2R FaSEE, = F RAKEES
o] Am 1 ol ¥ WiEo] E RS HR3E o) T Aoz B

o] e} Zo] 0.089mM /1 FL=& #ol 3HM BHE MBS S JHM KnopX EHENA A#tH
ZE % TA 22 gL JeF ol 3EM 2KBHAIAL AT hiRiie 2 HE)E
ol A HES L2yl WHWELS 2] 0.0677mM 2 0.0594mM o] FL= B RilkEt g o, o]
R 7] 76.1% 2 66.8% 2 =8 BMEHREA, 1kBEH W REES A2 287 A
(F=0.292, df=1 and 16, p>>0.05). ol el ®ixd 71=5o] Rt E=Ev A
o] ojtjet &7 o ¥o 2T WikiH o] FWME S el = R (OKeeffe ef l,1984) 0.2 1 o)
o, Ag|Aole] = RikgEH S AVl E 83 BERY s Roloh a2 a o9} e
Bk BrEAES P So] e MEY JIEF &M 400mlo) 2B M 2KJEHENE W)
Y& 0.0021~-0.0053mM 2 BREHE 9.6~24,0%9 h#std EHHIM L 2R E BRIV IE &
Wi o) 8~20M), BrEAEo) 2.0~4.9 virt H & Holt},

F ol AHEE A2 Ao] WSS REE 0.7-3.4g9 B2 RAEoUo Y AYFF e
ol A RS e Hi Fole RERO 200 L Lo 3t AR JA @}, 2ol
ERE HWEA, 53] Fl=Fo HkE Eo] $A9 BOD7) ZAYU SEXSEC) 52 3¢ £
ol w2 A Wimstd A 8 ol Hasle JIEES KBOE Rk FHRE 2 Bt o =
Al FRY 5 AL Aolth, aHEE ol# T HMHWES LREANNTiE ol AT HE Bkl
BEE HAE 2A mEAE F UE RAoZ Hiffdd

m =

AsHA HgE Aoz 48R A FiR)NEANA RHES L)y o] (Rumex crispus L.)E 0.
089, 0.445 ¥ 0.890mM /19] FF=B-## 1,700mlo] FHAIAE o, 27) 480 Bt AA=F I}
&2 0.0404, 0.2244 2 0.4929mM /g dw2 A &g e] M) Hlsle mmatd e, ojA&
FIEEES BEF Arl BE&E W Rikhel & ez da gelA e HuSF
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(Eichhornia crassipes Solm. —Laub. ) Bt} 5,0~30.8v] 2] wh& BMcHERCH 2183 —fes
7= 81 A FrEshe g585-2 0.0306~0.0918mM /1] M #EE ol A 0.445mM /] oz
B ¢] Jt=F Rikol Ao e v XA &t
FiR)ig 2 olroh | Bid HEIEANA BES LA olE 0.089mM /19] FH=EEB

700mlel 3A M BHAIRES o 2}7] 68.4% ¢ 63.2%9 Ft=ES Rk, BEIIR o, o] e
< 38/ ASBET % 0.089mM /1 #iol 2k BHAIRE dol= 76.1% 2 66.8%° 7=
B BIKEHS, ittt REHHY 1, 2k | Alololl kel Z287F At ol RAS3
o] Z-2 MEES] AW 400miol] 3HM EHEAAES W 35%, 23 BHEAL | 10.5%9] t=ES
R st Aol vlsted 247) 2] R 7uR e} BrEAOIQ O, ST HHES ZRE ERIUY F
& Abol o] rkfE 1S ZRE WRE 0BTt A o 2 Aol
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