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AGA AN, BEF, SGNH R 2332 AGA A gata Y 2ol ¥ & FF49 4G
A& BASAT 2ol AR v AR ®E JFez Asf T/R ¥7F A&27¢) 1.3~37
AN FI)o)E 24~4.671A) Aol RY T, GE 4B v]g] A& 22 YA 202 YERe
B, 240 48 gARAN 713 & T/RHIE B 4E2A ] £3E A2 AL Asie] ulg
AN A FAH TIREZ {27 e 47 3.1~613 1.5~4.58 Yehi e, F7]d& 2
7 6.7~17.35 39~838 B 348 FEEFE AgRd) v)g ATl Cudt Znd H 3 3.6u) 9}
179}, Fest Pbe 242t 1.59) 4.84) & @Ol 4 BAT A FE AZTIA 61~85% &2 &S
YeR ek 4 EAo] 239 $34L Cu, Zn, Fe, Pb7} Z42} 89.7, 376.6, 2946.1 2 13.2 pglg dw2 H 2
AE HAN, Fe>Zn>CudPb £02 AARAM & o2 FAHAT Lgyole 4% v F g ¢
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EAAYE #E3e e Aol wen pio] A
07183 /PR Q8 SRAHAN A LYHAT,
A FoE Q% FEEFE FAW ol EY
S3Eo] FUNENA F5En BHHAY wWaHx @
I 2AHoEZN AR AAY 9¥e vAA Dot Ha-
ghiri 1973, Smilde 1981). 87329 EA7t AZHAWA
A +43 YEAE R FHYEY] 334 Aoyt
F HERFS dsle] BF B FAFHAYT AH &
1984, °] 5 1994, Mayes et al. 1977, Peter et al. 1979).
FEEFT Al AEAY RYE T FFHL AR
Aolded, FIT4Y F5F, AP 2 JEZ w7
79 F9 Aol Aol RolA ok (v $ 1998,
No 1988, Park er al 1995). 348 &5 FEs} Jo
€ HolEZ Q¥ A AENE /98U vy
&9 FFAAE Q8 Ao gL WA 8o (Reddy e
al. 1987). 2% F3&o)l 2B AR njAe gL 3
AA (] § 1996, Boon and Soltanpour 1992), B¢ &
AAYEF@ T 1993), sHAFS(No 1988, Park er al. 1995)
oA Azt WALH(E F 1997, 9 £ 1998b) S &
g A7t FRHJYY.

A e +£ARAES FHdgAE A9 B

F AEAAHL 7Y, FYEHe AR 244 e o
% 242 JEpA HeH, 378 9 YA A)Fs o)
A3 gFE ANEM AL, ARLFR ol4HT,
A, GMA, 48 F AIY FYed 2¥9] HA
goH, Zdde ¥FEl ZFHL o AU Folut
| E7E FYUER, 3FEH AT FoA wEHe
AdH 2 A8 4F FF5 o2 A FENEANG
Asl HEE AHZE M $Edez R 9
o (No 1988). E§ fEHE HEF 248 #4e2 ¢
g gz A A5 HEFo] FAHE 5AL B
Fded, 3 gMNo] fFsHe FIY sFle 28R
7t #%3 FHd YA 2L oF1 U2, FIUE 34
o7 ZHAYES Zurt WA on, &, 94 Fo)
patchd o2 dg EX33 Jed(rLy), 298 49
o E¥sh= 2FPole UWAS /e £F02 FEHT
ATk (ol & 1994). A2 742 EAS) v 2¢¥%
Ao WS 7He £5¢ Adsla, 4ES ol g3ty
72 AAsEe Wt B 4o AFHT Ut (9]
% 1996, Boon and Soltanpour 1992). A9t &34 9
d Toz A% R AL m @ 489 YA F
Ao gt AFE MFY FEolr). od) B A7 v|aF
2ol AT 377 IF FYdAM HA 2L olFe
A8l oz AR 79 712 o A B9
T8 o83 34 F 2 2AWYE B

ol AT 19BUE GG vl A7u)(98-04-08)0] o5} FY=AL-
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q2AIEn AR MY

F374e 3RE UBdeE FH9 339 g3

T LB 0 FHde FFS £HFYo) IEe 4
& BAeu(No 1988), FAGAN 3874 8373 A
T2 A RY, 9AWA GAHAY o2 AFAY
7 FEiRd] o2 FIFAY ¢ ZEFdM
MAL ol3te o2y HIFAYeZ TR FEHIA
o (UEE). A, F 359 EY 23E Zng A¥EY,
Z}z} 7.8~139, 28.4~43.7 2 214.4~307.1 pglg dw soil
2 wsEiy, Cud 7S 44 22~34, 114~179 ¥
521~103.5 pglg dw soil2 W3E B, SFHGdlN A
Z3A 2g=o] e e & F sk o YFAE B
e Ade] 3oz gFsHe FAA(CS)E dF+
2 4R, 339 g X% geR AH(PD), 94
a3 g ool AN XA AA(TS), € B2
72 #FANY FE ARAKH)E NGz 489
€, ZAH YL Fig. 13 2. ARAELS gA3e F4
22 WA 2L ot LelWol(Rumex crispus L)E
N3es SR, o] EXxshs 2eAolg 7ol 20 cm
MYELF A At BAd o833 & Ak
aggole] A{AZ webA 19983 493 699 232
o] AASIEE, AEA S EYAEE e o) £4
€ AN AsE EFUAY 34 HFe AN

AlEMe] MR 2718 24

"R AT AEAe P42 AN N&s
AP, 45283 484 FdoA A J& A}
289 DMSOY HAAIA spectrophotometer Ass, Ass
mmoN FIFEE 25 Amondlo 2 3N (Ar-
non 1949). A Exe| AANFL 7} 7|Hdg Lo 23
& F 70C AN 33U ARNA AFE &893,
RAFELFE AU (% 1986). JEAY A4LYF
€ ASE Kjeldahl flaskol] ¥, 500~600C A7 Z A
AR FRAANE AN FFsA s micro-Kj-
eldahl methodE o]&3}593, ¢1e AEE 3AA IN
HClZ £3A7 5 ammonium vanadate$} ammonium
molybdate® WAA}FA spectrophotometer(Shimadzu UV-
160A)E AH-8l Aw nmollA 2335t} (3 1986).

THA SR Eoko] FEAo HA

A&} Yo FF4HFL BAE) S8 AxAE
g BEE 550~580CoNA 1247 F<F BAA IN HCl
2 A3 F2IHAUR, AAFFEDVI(AAS, GBC 903)E
o]8-3t9 Cu, Zn, Fe, Pb ¥ Ca2 2339t}

TS 33 A] A223 A3%
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Fig. 1. Map of the study arca showing sampling sites. CS:
Chimsangyo, PD: Paldalgyo, TS: Talseochon, KH: Kumhogyo.
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ZARAGoA QT EFE Faro FAe AN, g9
2, gN8 2 FERM 4 0.16%, 0.29%, 0.54% 2
0.42%F 2, & Z+zt 0.27 mg, 0.33 mg, 045 mg % 0.
48 mglg dw2 BAMAS} F3wdA AdAE e
FEEYIEE FARE YL Bo Cue 2 677 4, 13
44 pg, 2489 pg D 2190 wgfg dw, Zne 22}t 17.41 g,
21.66 rg, 9943 pg L 101.29 pglg dw, Fer 2z} 130.87,
262.52, 551.08 X 456.78 uglg dw, Pbx= Z+z} 0.84 .g, 3.
54 pg, 1918 pug B 17.67 pglg dwilZ, Cax 24z}t 214.88
12, 928.51 g, 197232 pg L 1151.78 pglg dw2 iR 2
AT E rFEAEFe] AXNG FEu) XA FF
oA HUAE B

B3 9 AEAS M F(biomass) Table 194
BE v} o), A&2olde AR AHoA G &
A7t oz 3748 AL 1oy, Ilde Jaan
o SHE 245 378 ARE B4R, e4AdA 790
glplant2 A RN HIXE BHed, APre 170
glplantE Ho EAY FAAE YehiAx, ARFIE ¥
AL Be] T/RHIE 4.652 =4 Jelstr

FAAY JEAY P A2 AR AsHi
A 242} 88.4~93.6%S} 78.7~88.4%2 ZAMAY] wE
93l Aole UelA sttt d54gEE dAZ 2.0
mglg fw. leaf =2 Uelyted, ZAAGEZ AAT A
ole Holx ¥ttt

FAL8FL QA2 AS27RE AAFRA 3.5~5.0
% AoloA E& g BAL, F77HA A&EAeY, A
FRoME F7lo ZAEHAT, 3R Ao 50% ol
2 FAHUAT (Table 2). AE3] EX3e= FH49
A48 AR HEL ZIde 3.30~5.06 Alo]o)A
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Table 1. Changes in the chlorophyll content, water content and biomass of Rumex crispus from Kumho riverside (Data represent mean

+SD of at least three replicates)

Items Kumhogyo Talscochun Paldalgyo Chimsangyo
Aol Shoot 0.89+0.08 0.71+ 0.06 1.0240.10 2.55+0.21
Dry weight P Root 0.3240.03 0.19+ 0.01 0.64+0.07 1.95+0.21
(g/plant) Shoot 4914037 790+ 0.71 5.30+0.50 4.60+0.51
June oot 1.37+0.31 1.70+ 0.11 2.11£0.20 1.92+0.10
April 278 3.73 1.59 1.31
T/R ratio i
June 358 4.65 2.51 2.40
Aol Shoot 93.6 +8.0 926 + 6.2 89.5 +6.3 90.6 +8.8
pri 1
Water content Root 860 +£7.2 88.4 + 68 86.6 +£7.8 787 +64
%) Shoot 89.5 +8.7 92.6 +10.4 88.4 +9.0 90.2 +8.8
June  poot 84.5 +6.2 86.1 + 9.2 84.6 +822 81.6 +7.6
Chl. content April 1.17+0.10 135+ 0.11 1.45+0.13 1.67+0.17
(mglg fw) June 1.6740.15 195+ 0.20 2.0240.21 1.35+0.04

Table 2. Changes in the total-N and P content of Rumex crispus from Kumho riverside (Data represent mean +SD of at least three

replicates)
Items Kumhogyo Talseochun Paldalgyo Chimsangyo
Ao Shoot 50404 42403 47+0.4 35404
pn Root 2.540.1 26403 24403 1.4+0.1
Total-N(%) Shoot 32402 3.540.2 43404 39403
June Root 17402 16402 16402 1.5+0.1
April 5.56 6.08 3.1 3.30
T/R ratio
June 6.74 17.28 6.75 13.00
Aol Shoot 1.940.2 2.440.2 1.440.1 1.0+0.1
Phosphorus content pn Root 1.9+0.1 2.040.2 1.340.1 0.9+0.1
(mg/g dw) Shoot 14201 234011 21402 1.720.1
June Root 1.340.1 22402 1.10.1 1.3+0.1
April 277 447 1.2 1.45
T/R ratio
June 3.86 8.26 4.80 6.52

H3lgloy, A8 Frlde 6.74—17.282 7|2 A4S
Aol E3"He FhFo] AT FUHEAT. A
A9 FFE dAZ JFRAN B4 FAHINZL, dF2
44E i SV F934 Aol BelA i
ABA A A9 AR ALY g A{RNYG F
71 &2} 145~4.473% 3.86~8.268 ¥7)|2 Z4E A4
2] A 712 A3 ¥ 4L ¥ 5 Uk (Table 2).
AEAY T34 $FH ZHLFYL Fig. 29 2t Y
EANUE 58 FT4L dAE AR =4 3"
F%E Bied, Cue AGRAA 26.1~89.7 1glg dwZ,
A3 18.5~62.7 w2 12~3.6M2 &L Fo|on),
2E8AF Bujdls AZRAA 1.8~16.74 A 2HHA
Z, gXAA HAXE By}t Zno] A4 JARe} e
ZAAE 41.9~90.5 pgfg dwlert, BAHN} FIRAA
£ 27 376.63 166.2 pglg dw2 Z/HEAR, AEAY &

e Ao v AGRAA 2.1~6.7H] L o
2 335U Fex fAIRE Z3E Bl ARolA 2946.1
pglg dw2 HAAE Yeplglen, Poe 10 /g dw W
2 9 & Jehlsit. 4842 Fest Pbe A/dF-olA
2zt 1.4~7.4808) 1.8~9.48) =A 2AHJG. AJEAY
F5E Cav AYFE o)FHA RIL Ao F3H
ANA oz AN 10~2008] =A] FHEO] FAH
T8E olFc ZAYEIE d2FU (¥ F 199).

o &

237 8% Aol B PP 4de] 264~38,
4% FAAAY U4%0) Hal 7 Uehed, olE 2
A ALY Aesh IHABE QA ox wA e
T, 213 F2SPIE Fanel v ARR 24S
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Fig. 2. Changes in the metal content of Rumes crispus from
Kumho riverside in 1988 (A: Cu, B: Zn, C: Fe, D: Pb, E: Ca,
KH: Kumhogyo, TS: Talscochon, PD: Paldalgyo, CS: Chimsangyo).

7, ole gANFte HAER 72e A
8903 337} F94 QAT 33 dA3E F A
8902 A3 FAFYol 2¥d ez Alg¥Ed A#
4 1984, o] 5 1994, Leec and Lee 1991). 334 F FeZ
HZHMA Cust Zno] £& AL BA dFAY Fa 3
JANES e FAYL BRAT (No 1988, Choi et al
1990).

Agjole] AL P& xulde IR (NN o
A 3718 43¢ 3oy, 48 Frlde g2Rst 9A
A f99 HEAM Aol FAHNeH, FFHE BFE

dF e e8] A #2234 A3E

27188 F7tHe] o848 F Sle 9¥a7 FUHE
Aoz Amyd, FAHRV 2FE olFt ZAUES o
A gRe] Aol gAsgen, ZAUE vlg A9
AT v2d st 2dE AN F Hgdde A
02 Aagth (Table 1, 2 73} 4 1984, ¥ F 1998).
ko] T/RH] 2490 HE) 2ol FUETE AR A
o] JAHAL, GMHANA 7HE £ T/RH] 4658 B
o 999 AL HAFAR, £HE FIELE U
malgato] AsE et (Pattern and Olson 1983). 2 EA]
dge AR AFEAA w4 JeElE, gudeE
Lo vgsARN AR uge F7HHEH, T
ARy APo i 2AHEe T4 IHNDLE 29
f4e FEHE Ao gAML A4 Wde 8%
2700 AARAA B e vell #7A fAEAE
ul, o)d Age AR}t ARoM 4zt 43~4.6%%
1~28%2 WIHE Bo Fud EYN Adke &R
AERAG FAE APIUT, B BIF3 Myrica sp.ol
vlg 2 AR S #E BAY (3 F 19%a,
Schwintzer 1983). A1 E4l9) 2 A47I7t B¢ AGH
A 14~23 mglges EL e fARA x7)4 3.05
mglgolX ASI7N2 24S 1.89 mg/p2 TAE UL B
ol AN ()8 BYF, 1.3~1.5 mglgd BA =
BA opAUR HlE & FFE T (4 &
1998a, Hong and Song 1990). A3%9] ¥& T7IE &l
e 34% 2345 AR 70~90% ol =4 FHA
7 A% 2 daged, & ALAY} gLEHEE S
B 7)o A 1998)9 o] Ais) A
ANl 249 542 dAske A2z 9AZTY (Mengel
and Kirby 1987). AREE Hol® F&Fe FAE ¥+
e ads Agsiel 2848 8 4 W HEd 8%
A7 B AFReMe e ALgFL oler AHH
RAo7 AR (Greger and Lindberg 1986, Mengel and
Kirby 1987).

AZAY 349 FFE A2 YR ¥A $34
e %L pged, Cust Zne SAAAA AYXNE A
3, Cue EY3 7s Ao 2(Meharg 1993) 3 i
ge F4E nuod, AR Bulee 4 9%4.3%%
87.1%2 ¥& #E Yt #AE A2 CuE A
& ulElolME A2 Aol 29 JHF & 3T
& BAR, 24 Zne PR T ol Fe
E RN =& e HAFe § AEFd m 34
23 opyo] xolE Bt (I ¥ 1993, Borgegard and
Rydin 1989). Fex fAH Aoz AFRolA 29461 4
gg dwlou, AR Bl 58.8~88.1%2 Cust Zndl
M ohe 2 g wal 34 Aol ol AolE
BQt} (Peter er al. 1979, Kennedy and Gonsalves 1987).
Pbe g 344 uid AA FHHEUeU, 43 F
1993)z uhAs A2 ARRAN ES & FASAT. F
57 #9904 fA 283 AFNAE, $2 R %
o)} e ZEFOA Znd Cux ZHzh 98.249) 34.78
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smelg dw, 150329} 38.46 rglg dw B 89.729} 23.46 g/g

dwZ(No 1988), 376.65} 89.7 uglg dw& 1B Az olrt

A AFEE AT EN O A8 v &4

T QAR ER /A F AT ¥ 4 Atk Cax A

APoz AsLA 10~2008 A SHHYEH, 28

Aol AHA Cag M33A] ¢gonz F&F7H AR

FoA A £H€E A AdAYo] Y Ao Almdd

53] A4FY ST 43T HE] FIEFE ANE

Bo] AHARL, AT sl AgRea @ Favt

F4HAe, Fa42 duds A3, Axdd 4%, =

€ A A= BERY3 go=N, LEAod TS

o o# WdE S7MZ 4 Qe Asdnt (Haghid

1973, Velazquer et al. 1992).
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Ultrastructual effects and localization of low cadmium (19999 1€ 148 HP)

Variation of Heavy Metal Accumulation and Inorganic Matter of
Rumex crispus Community from Kumho Riverside

Park, Tae-Gyu, Yong-Mok Park* and Seung Dal Song
Department of Biology, Kyungpook National University, Taegu 702-701, Korea
Department of Biology, Chongju University, Chongju 360-764, Kored*

ABSTRACT: In order to clarify ecological survival strategy of Rumex crispus community dominating
under contaminated area of lower region of Kumho riverside including Chimsangyo (CS), Paldalgyo
(PD), Talseochon (TS) and Kumhogyo (KH), we analyzed the content of heavy metals and inorganic
matfer and vegetative growth. R. crispus showed rapid formation of community by high growth rate,
high T/R ratio and showed maximum T/R ratio at the contaminated area Talseochon. Nitrogen and
phosphorus contents in R. crispus showed high value in shoot than that of root. T/R ratio of nitrogen
and phosphorus showed 3.1~3.6 and 1.5~4.5 for the early growth stage, and 6.7~17.3 and 3.9~8.3
for the late one, respectively. The absorbed heavy metals by riot were translocated to shoot, the heavy
metal content in shoot higher than those in root of Cu, Zn, Fe, and Pb for 3.6, 1.7, 1.5 and 4.8
times, respectively. Distribution ratio of the heavy metals in each organ showed 61~85% and
15~39% for shoot and root, respectively. R. crispus accumulated heavy metals in the order of Fe>
Zn>Cu>Pb in shoot, and showed maximum values of Cu, Zn, Fe and Pb for 89.7, 376.6, 2946.1
and 132 pglg dw, respectively at Talseochon in April. A physiological and morphological
characteristics of R. crispus showed thickened leaf, increased water content above 80% and rapid
growth of shoot. R. crispus showed ecological adaptation to the contaminated area by transportation
of heavy metals and inorganic matter to shoot, and by accumulation of Ca ion in root.

Key words: Heavy metal, Kumho river, Mineral nutrition, Rumex crispus




