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ARl Ao EE | WETE 24 ekths AV v

1}71 TAACR 544 AT AMSEHAE AEFTS U] AS FA HAFTE B THF TEOAAN FH
o 50 FA A e FAAEY JTo] Rguo] FAAES ol &3 54 HUF Wil o #alel Ut
stal vk, FAANES 5 AHAY 12 AARA SAHE FFAE, FHFSE E o[ AXATE HA,
B fUIEdS FrAsshe v9S 2t vk, A4 E(hydrophytes) é}%iﬂ-‘ﬂ o 7]3o] Mg
ot Wy e o] FHH R YA e FAdE Adn. dF FAANEY ABY, olge] A 5% 5
of Agstel A&7l flal e, =71, o 59 Vs FAsA F= g %i% AEA R Fx HEoe] ¢
ook

AEA7E FEE SaH NFEH(Spirodela po]yhmza)o A EA A7} Oj/g—iﬂ, A ZAA}, Hgle] 3RE O T o]
Folxl ofF 2 AR dEdth(Lee, 1996). ©]E2 58 mm 719 ¥4 FANER 2 H](frond)i qF

W2 (reproductive reproduction)& 3}e] 2] &7} =< O]Lﬁoﬂ 2¥) 7} H &= v
(Landolt, 1986; Appenroth, 2003). FA2Eo] A&sS npA wol= 42

qa
Se gyl 4AE JUE FAT + At 55 T2E FYse] B
T":‘ o]

e Ho

2
or

=

mi

o

o &

= ?r *JEH% ‘ITXIU]'E]' 3”71
T Ee GAAE wE FER O 5E s 7Hiﬂ% FAAIA *]Dxﬂ A9 RS AASA "k, ol e
FEAE 710l W77l AAetd A W Al 4524 Wil ek (turion primordium)E @4
T} (Kwak & Kim, 2008). ©]& Zoli= 21| (mother frond)ellAl E2lH o] & ol 7}&} ¢ko}l €53 oS 3
7)) skl AlAEtH = flR FAste ARE AEAR dudts ALEs RHEITh o]59 FoloA
E Fur] olF 7eAdso® WIEZZ(vegetative sheath) T hol AHZZ o] Ao 9w A 97
(frond primordium)7} ro}sle] A7} 7198ttt 71287 A FHAHE GASIEE st /Fgy olo
olggk 5o FAAESY FH 2 I H e FF Aol fEHQ REAxg For Atdnk 3
ThH(Smart, 1996). 97&A, 44 & 2w 49 v F28 AT AsAs ot 2 94A d71E
GEA B otz el W FAgste] FH7] olF AlEsHA RS AMSEAY AgTIAA FadE R upE
AR = e 724 A4S AY 403 A=A ALH &3 T3 9FE Fh(Newton et al., 1978;
Sibasaki & Oda, 1979; Kim & Kim, 2000; Reimann et al., 2007; Kwak & Kim, 2008).
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Egrstar, A7) ol wldg wixl= uiFAsHAlE ot WolE As|sts HAAELS XA R ]
e, Ayl SAHEAL &(Ag; Silver), 4FwlE, M| A(As; Arsenic), ZF=F(Cd; Cadmium), FZE(Co;
Cobalt), Z&(Cr; Chromium), T2 (Cu; Copper), #A(Fe; Iron), F2(Hg: Mercury), YZ(Ni; Nickel),
(Pb; Lead), ©}d(Zn; Zinc), oF*=(acetone), FEZZEE(Chloroform), TH|E3F4ar3LE-(DMSO; Dimethyl
sulfoxide), ol&@< xS (Ethylalcohol), ¥E2Z (formaldehyde), WE LT 2(methanol) % ¥ &=(Phenol)®
o]Fo7 ol AEEE 1F ooz A" F Qv T, AU] (a) @AY A AEL2 plYl 5-8E =4
e Zo] vigreirt., wek, A7) (b) @A ATFERe R EEE Fote vigAe A Fd dE e
Aol ®SH, 7] (b) TA AMFeHezZiE e Hole uEAsAE WY oA Aol 271Y o
B Aotk w3, A7) (¢) SAY MEA WY &2 15-35To)al, F A 50~150 pm photon/
3, WYk AIZE 2~4UR1 Flo] nlghz s,

E4E sdstr] flete], & Il A o FReRiE fEd FEdE FolEs xF
k2 = = = Aol Mg &7, A AE 3
Zhofe] wholg At BAR
A, 2(Ag; Silver), &FulF, H]A(As; Arsenic), ZF=H(Cd; Cadmium), FE(Co; Cobalt), ZF(Cr;
Chromium), 2] (Cu; Copper), #H(Fe; Iron), 4=2(Hg; Mercury), Y2 (Ni; Nickel), F(Pb; Lead), ©}d(Zn;
Zinc), oAM= (acetone), FEZZXF(Chloroform), TIHEZFESIE(DMSO; Dimethyl sulfoxide), oEUdTE
(Ethylalcohol), X227 (formaldehyde), ™®E L& (methanol) B & (Phenol)E o] FoJx1 ellA] AEx
T 1% o)dow FAE & Ark. B, AV FA AE 4L AT wiAE abEsHlE eI wiA|

(Steinberg's medium) B E2W = 8 %] (Hoagland's medium)©]t}.

o] tE BAS 4] ste], 2 2o bE d TR eER Y fEE FHAE ol AT

girol golE wigsty] 9 871 A L9=d As; 2 AT FotE vl g MixE 2Fske

A 54 D 71EE AFdd. olw, A7) sitElter Ry FEE FUAE fots AT zhopel )

FE A Bag ATER Aol vpolegle]l FEE AT EE 3lo] wigAsta, A7) siFtEE fof Hho] 29l

01,_ T IR Aoke] kg wiAl= ZEIQIM L wiX|(Steinberg's medium) HEE EIWE HiX]

(Hoagland's medium)ol A Ad®j== Zlo] wigAsith, w3, 7] sHg-eiyt ot wiole ol WdxzoA 1B
&,

#u= Aol wigAsity, ek, A7) e Fols wder] fg 871 4 ZdolE(Well plate) &
A E#(Test tube)olX AEEH= Aol npgAsit}, & Eo], 7] /Mgty Fols widsty] 98 &7+«
AlFdd = qa, olw, 7] 7IEE uiEAsiAlE AlER 24 g o 23S 5 vk, g, A7 4
edEd AlEE e &9, FAke g dEYolr HikE EE AFEAA AYd 1% odow 4
2 ¢ k. m3, Y] lgelhte] Fols HO}OV] et wjAl= 2H UMz vl (Steinberg's medium) T
SaA= HiA(Hoagland's medium)ol Al A& = 4= 9lar, ojuf, 7] 2©eAdW 1 8X](Steinberg's medium)
= W= A (Hoagland's medium)E ©]E FAIStE 2% {99 YR AFEHE= Ao] vpAst}. w3
2 wge] g2 o g £E 54 ' 7EE s AE 1A, 2Xol=, HEF U4 EE pH AL
A2 o] FojR FolA AElH 1F oS ] £ 4 Ut

&

of,

L

=2 ™
S

NEE £4 B4 WAE A% A% BAZ AT
A

ol oft 1o i
e
ox
__):I_!,’

EXSS) 9 4 %4 WS A sepiEE gote] ol o3
A ATeRe el el Wak Aw mE G WAL olgds] MEA £ 54 W Aol o 39
R 2853, £4 SAQ U Be UaS e, BgE SABA6 08 #8099 Frt s
shuh,
EH pug 49
¥ 1S HEE 29 srel wE oo wolo] ol FYT AT AP WA AsE e Ao
B, % 2E SAEAQ R FRo me gobel weld ol FYW ATewel A9gA WA wakg
B Zlola, ¥ 3& SAEA A8 o] me gope] wote] ola P Aol A4YA A W
S8 e Aola, B 4t SHEAQ 7o) o] uE gope] wolo] ola @4H ATewe] A49gA
WA wekg vehd ola, % 5t SHEE0 ool FRo we gobel wold os IR ATl &
QA WA WshE ek Zlolut
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% O SARAN 9 Fro e golsl wojel olaf R4 AT Hel Do) WMshE e slel,
® 78 SHEA AsEe FEo UE o) woldl o3 YW ATEWE %ol Aol WE vehd Aol
E 88 54 Aote] ool ols] YW AT Be) Aol WekE ek

J
Fobe] otel oja) 3

£ 4 A Awerel we) Pol waE e
wWE gole] wole] ol

e el s Aol wste

oo oW

of °—>‘3r

£ 118 2 3e) f4u 54 A 715 138 THLAES Ao ek Aol

£ 12 B g, BUS SO, FEUNE M o SFE PG 02 ol wolol s Y
h=

=z M=
A (water body) MZE2 Eo] 8 HIE zAAste= AES Date FHOZA, o] w2 A A& d
sbd, =54, 9, Ui, &F, YA 55, EY &5, HYE &5 oA AFHST AEE =¥
sk},
Hzo A ME(0)3), Y42 9 oo dFE AF WX} B3 o] 5AEAS EEEA G AR
b Aol uhgk

3| 5te] Hojw 27FX] o)A, viEASIAlE 4714 o] wEE FulsiAIZl S AFER AT A
Asttt. oW, AMEE= A W IA AER ko, U o= ¥k SAPH[100%(HS A, 50%(A52
1/2 522 343 3), 25%0(PF9] 1/4 s=2 438 R), 12.5%(UF9] 1/8 T2 43 R), 6.250(LF
9 1/16 F&=& A% R)]o] Uk, FE g4y fg dAE AT E

dote SAEES XA gouA Aoz ey LOH HH*"th °kf’éﬂ T e Aoyt 1 F
F7F A AGEA gom, FAHR &, AT A
Moz iy Hed ot wgde] AH&HE X FAH E}%h‘& HH7<1 EoﬂH deEE 5, O /)
A AR fomn, A oz JFEgozyy FolwE ot st vk ¢ Wols 1 u

2] (Steinberg's medium) ®=+ T 2W= vIX](Hoagland's medium) Q] o] wlghz] s},

S A PES ARARAL U0 AETom ATATRI A Yobo) M 8T WAE
O EFF 5 dud, ) AE AT R E BeE gobol wold Asjs SIS TR wE
ARSI, A7 AP E Y Reld golel WolE AdfE FAEAE 1 FA A ARA B

om A& Bo &(Ag; Silver), &Fu|EF, H¥A(As; Arsenic), FF=H(Cd; Cadmium), FHE(Co; Cobalt),
A% (Cr; Chromium), 7+2](Cu; Copper), H(Fe; Iron), F~(lg; Mercury), YZ(Ni; Nickel), (Pb; Lead),
o} (Zn; Zinc), 0}*1]E(acetone) S22 X F(Chloroform), T wIE34k8}E(DMSO; Dimethyl sulfoxide), ol®
432 (Ethylalcohol), ¥2%% (formaldehyde), WE Y52 (methanol) % = (Phenol)® o] Fo] 7 ol A
AEEE 1F oldd . 7] dxas 7 AT gz iy Eed ol wgg wix= dAH o
&t A solA AEEHE T, 1 FR7F A ATEA Fom, d 4= ATegoeRiy FEE Fold d
3k wjok @ wol=E e o AE|IvjZ wiX|(Steinberg's medium) FE T IWE viX](Hoagland's mediu
m) ¢l o] wpghA s},
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HH ok Q7

g &71= FA AE H ATt eRty FeE ol F8stal, ol wigrlel g Fots wjdstv]
A AezA, 1 FeE IA ASEHA Fon, d A= A ZHo|E(Well plate), AZZ k2~ (Erlenmeyer
flask) Go] vt & ZYolEx Aok 67] o9 dAlel)S XE3F3tE o] wigrxghd], e dele iz
TorN SAEEE xPA o= dw wiAE ol FolE widksta, dmA 57He] del= el 479 3

=2 9ol zols Wigkgth. =3, 4 ZdYolEx Y gl 4 54S ddd #UtE = e
Sus 2@ o o w1270 ool A, 7P npeAsAlE 2470 o) 3ol A EFeh= Zlo] Wi
= . =

A9 A7E A AT HA= gort 200m WA 100meel Aol vz ).

AFeo sy Feln ol
wodgel W 5 =4 Wk gde
7 Aok FAHoR AT BGPANA Eeld
4 AT e A e g

Hob FH AHE FAFES WY =
How W AW e ALolA myd W 98¢ wolE s 94 Az s
W £ 54 g7k gEe ATetenie $UE ool welE fEd ¥ Urhh: tgd 542

2 3

ke A% seplE R ol gahiul, ! H8 obs W 2764

ey

=
X
o
2
__):I_r,’
v
%
o
9
Lo
g
o
-
2
Lo
E

2o 2 T oft o

ZATegto 2 5E eyl frope] wjek

Aoz iy e ol 2 A AES FH3) F& &&= I AL,

Qb zbolrt wiek®Elch. ojul, Wik AlZHE IA ATEHA ot A HA HrkY 2FHAPE FHaE SHAA
Holm 2 o]l AHo] nmpEAstaL, 2~44Q Aol § niEAEH, 3~4U<l o] 74 npEAE . T, AT
gtog Ry Ry Aol wjgA] B ZAFEES 50~150 pmol photon/m* - s Q1 Ao] wpErAE A, 75~150 wmol
photon/m’ - s ¢ o] o ut&a3H, 90~120 pmol photon/m' - s ¢ o] 71 wpghast}d, w3k, et os
SE B ol mjeka] wjk 2= 15-35T < Aol mpekzskar, 20~30T<! Ao] ¥ wgz b},

fr
=

o
oo

Apote] wote] ol HAE ATFelte] QA WA wi= e o] H4

AFego sy Bee gobs 24l ATl BAX wGE
Sk WlFsh polrh ol ATkl A A WA
=)
H

wolol] olsl FHE ATFele PPA WA EE Pel dolg 4, olzRE £4 SHL WAY
Atk FAHOR, £A BHe 95 L A4 A5EolA M Fokel wolol s FHB ATelnel AU
A WAE B4 BAL P i gl A WFH Foe) okl ol FAH ATl AGYA A

<
=|

5
3} vlaste] Wb, E@, 54

A = [s}
el e A4 Qo) w4 BAL xFA ab dzwold ven go}
=

=)

e A dol9 vauste] Hrkd Fx dvk. oW, A 5Add oig ARAHA @S w5 & sE(Half
maximal effective concentration, ECsy) WA F93 &X=(No Observed Effect Concentration, NOEC) ko=
XA,

W f+8 5% (Half maximal effective concentration, ECs)& ZFobe] opel] o3 e sH7ade] A4
ks

A WA wE R A Aot B BAL EFSA @ tRTA MgR ool wold] o5 IR AT
2utel Al WA mE e A4 doluth 508 Aass Al AEY] $EE et oA, dd &
H BAS TP A BB A9 9d B4 B0 54 FEE BANT e 54 A2 L@ 0
Ao Q5 Ag 95l ANgE BARt I FEE gobe] woll olsl FAH ATl AgA
WA mi el g dolrt B4 AL EgekA e dmEold e gorel wolel o 4B AT
wel A WA mE e 4 dold KelH Ao} g FEOR fANE £ ABe) wrE v
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= AEA, W fa T nVIAE b 54 EFS Xt A MEe A 5 TEE FAEHL
g4 54 Ed4& X vAY 459 AS JAER gAY, 39, v f8 sxY V)9 AdTH
AA A AL AL FUiHeR Ate AL gusty] wiol v fE R E A A AE 54e=
stakalr] Qe HA @l (Toxic Unit, TS o3 o] FAE 4 grt.

¥owe] we £ £y wsh g g

Hodtwo] 24 A gyl Wyor Ad shEdt 54 224 &(Ag: Silver), &FulE(Al; Aluminum), W%
(As; Arsenic), 7F=%(Cd; Cadmium), Z¥E(Co; Cobalt), ZF(Cr; Chromium), T-2](Cu; Copper), ZH(Fe;
Iron), 4+2(Hg; Mercury), YZ(Ni; Nickel), ¥ (Pb; Lead), ¥ o} (Zn; Zinc) 53 &S 3% 771 U
ek, B i) ad 54 (U Ay ek R HS LUE TS Aol Al FAAQ] JFE 7AH
REE 3l7] A AHAsloFd 2y 34 HiFE Al&EA Al F85HA AHEE 5 9 g o]
J A A &g 29 S AR EAR T WA 54 Edo] A o

2

=
BA0] o7 A% $ATE X nE 4
ke

¢ Qo

HEE et & S A AYE] A ol
7NZ 4 e 78 oo g gsl MW 5T 7 vk gds Bast A8 v|Yelgta & 4 3l
=
2 dge] T o2 FAS 3 Aol gar, xzbo| s, thetdt SR E =& WS A=
T 54 HJ7 YHE FdEE] 9% 2 54 HU B A V) Ed #d oz, B uro o o o}
2 54 54 9 71EE VT2 BEE FudeEe Fols xghetth, meh, 2 dge] A do
& F4 54 9 71EE g AE ol widg 87], A AE AL JIF uiA Ee SAHEE X258
AE o X2FE 7 Y. A7) ol wigE &7 A AE 2 TR RRE EEE FHAAEHY HolE
Fg&at ot wdat] AT 8r1mA, A o= 4 Ede]EWell plate), AZHEgk=A(Erlenmeyer flask)
ol drk. w3, A7) A AE S AT viAE dFERE 4 dFEES Ax] 6 AHeEe 84
FRA, A d2 2L wjA](Steinberg's medium) ¥ T 2= Hix|(Hoagland's medium) So] Utt. &
s, 7] HAELD B80S VT e 2Ry e fole] HolE Adste 2ES vE A4W sx7F H
A Azt Aeojgk, B wWoA oz E EEE gole] Wols: Adele HAHEIEE 2(Ag
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S 18T F e AEH IAHFE(AE o] AlEH ) E o e ¢ ok 1S, V] #E 29 E
A ANBEe 2 F5F7F A ASEA gon, dExHl £ 2GdEHQ] $akgty] &9 FAake gd dHo}
T, HTE B 2gEdA A9 1% ode® e F Adu. T3, 7] ARty Folg wldsir] ¢
g iR = TR O] vheFet wiA A HAEE g 9lom, o] T ZHJIMIL WX (Steinberg's medium) EE S1W

Hl <] (Hoagland's medium)<} 22 Q13 wjx|el A VA, wak, A ATeluke] dole wjerals] 9

[>
o, I
FE,

= H ok
gk w7} 2~El1M L 8] %] (Steinberg's medium)$l 73 W1 BfA](Steinberg's medium)E= ©]E A3}
v 225 §9(Stock solution)d] FEIZ AT 4 Ao}, ES, 7] AFEHY FotE wigstr] gk wiA vt
A= wiA(Hoagland's medium)Ql - SIWE= ¥iX](Hoagland's medium)E= ©l& TAsI= =5 &9
(Stock solution)] FHZ AF=H ¢ Jdut. 3] & 1S TaW= vX(Hoagland's medium)d] ZA 2L o=
Tt 25 &S YERd Aottt meh, 1 dwe of W& = 54 A JEE AR fot
g &7l %7171 1% A4, F4 2L9EL A8E HH‘*% |71 FY3171 =)
L o

= 3 s ~Fol=, HEF
A, A AEY pE FAE] f3 pll SAHE A TolA AgE 1% odE o 2FF 4 o, 97
W= B E = A ol
Z 1
25 g F7 25 §as FASE A|2E &AeAe A uiA 1gEHY 25
o TR Ao s&(g/ () &Ho] A ek
23] (me/ ¢ )
I MgS0,7H,0 246 1.0
I K.HPO, 236 2.3
il Ca(NO3)24H,0 136 0.5
v KNO, 101 2.5
Y HaBO3 2.86 0.5
MnC1,4H,0 1.82
ZnS0,7H,0 0.22
Cu(S0,)56H,0 0.09
NagMo0,2H;0 0.09
VI FeC1:6H,0 0.484 20
Na,~EDTA2H;0 1.5

2
A

X,
tlo

olal, AAdE Fale] E IS wHr} pAHCR Ayt ogur, ]9 dAAde B iyl e
BEstA dAetr] fF Ad # 2 Ene] RIRE Agste 22 ofyr).

1. 2B 2 B #](Steinberg medium)

7] ® 2% B de] AAdelA ALgE AF wixQd 2HAIW I wiX e E3tEE iR FEE YERA B0
o E 20 e ukeh o] Q¥ wixE F 5709 A5 £9(Stock solution) S EFEH, 47e ~&E &
e ety wkel dad ¥l AE WA f7] AES s gdow ARG, w3, A )
%9 pHE 740.2 FFo|t},
x 2
S e 2B gAS THFE [ AE g LA|AF WA 12]H =
el T e wk(g/ L) olo] AA|sh=
23 (me/ £)
I KNOs 17.5 20
K,HPO, 4.5
KH,PO, 0.63
il MgS0,7H,0 5 20
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& HdZ7]"(point estimation techniques)<S Al AX8IA 3L, NOEC 72 Dunnett 33 #& 714 #A
WS WA ALLsESI T

71 & 3 gokel wolel s A ATeRe AQIA W Hope] wolo] o3 3

= = A T
g dolEs 2 54 HIIE Y3 7 FEluEHE 202 %S wo 4 FE5F 5A4EZE 449 v &
F5=(ECs) WA T8 ¥ %=(NOEC)ZS el Aolt),
X3
TE5F 5454 (ot wold] o3 PR ATFEY A Aole] wete] o3 PR AT H
e R M s A g Zo] 7|+
NOEC(ug/L) ECso(ug/L) NOEC(rg/L) ECs0(1g/L)
Ag 15.6 23.2 15.6 23.4
Cd 125.0 204.9 31.3 121.9
Cr 312.5 507.1 156.3 219.2
Cu 125.0 630.2 125.0 365.4
Hg 31.3 92.8 31.3 109.1

F 3ollA Boli= mpsp o] Folo] rofol ofsl FAE JhTreinte] el HeolE £ 54 WrbE A% Ve

FuE R g w ol Wold & PFAHE MY AFGA WAE A FAFEFEVF)S 7 54
H7ME A% V= SEHEHZ 39S "Ry dd F5F S5 giE vk iAol =2 o=z
YEFSETE.

6. FAE 54 2w 7]E(aquatic ecotoxicity test kit)e] FH] &L t}akdt 2 oAEA Ao FE =4
=4
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ZF 54 ool AW 1 HlA|(Steinberg's medium)ol Ao 2R E BEaH F
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AR AEEE F B4 AW J1E)E 2usgt. 47 FAE 54 A8 7 EE et
Apetri dish), WA, 2¥el=, pi 48 A4 B¢ o Egavh. =9, 47 #4854 A9 7EE
WgAsAE ReRg, wr AL Feu, £4 YAE,
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