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YRR (Lemnaceae) YR i IZ ~ AR RPUH ~ TERERG B H S ks 8 2 K4
MEE SRV REY) » 38 SLe B 0 5030 A A 7K S B M 2 SR B 15 Y W B ) o AHIF o 3
PR 2 8 PR RHEY) 5 P (Lemna aequinoctialis Welwitsch) Jz %2 ¢ (Spirodela
punctata (G. F. W. Meyer) Thompson) » 31747 (Cd) ~ % (Cr) ~ #d (Cu) ~ $8 (Ni) ~ 85
(Pb) Je & (Zn) 35 /5 8 5 /8 2 il ) 314 3B (phytotoxictest) » ELG AV Al bR s 1 ~
B2 FEROARAEHE 4 K ke 7 KA 50% 2 RANHIREE (1Cs » 50% growth inhibitory
concentration) F7F {if; W 187 #E RHE Y ¥ 8 5 B A BUR M o BABRAS RS - BB
BT A RF T R 1C {4 RIS 0.34 ~ 0.20 mg/L » 3§ 0.63 ~ 0.23 mglL » §%
299~ 200mg/L » 4 1.24 ~0.98mg/L » ¢ 30.1~200mg/L ;s EEBHIEFE 24K K
7 R 1Cs {47 B 258/ 0.16 ~ 0.11 mg/L » #§ 0.17 ~ 0.09mg/L » £& 1.24 ~ 1.08 mg/L -
#4 3.00 ~ 1.82mg/L » §¥ 20.4 ~ 122 mg/L 5 RN B B HE HBVDIR A BLR
BRI B8R /2 DAL BT K BCBUE 1T B B - B35 7 RO 4 KIN 1C fE 47 71l £5 0.30 ~ 0.14
mo/L - B E PR EEAR S (fronds) sd Rk Y & EUR A BRI =1L ~ Bk -
FHARIE L ~ 841 ~ SR Bl bk RS > IR IREI X B BB g AR
S AN BT S B R o MR8 ICo i » B 5B E H Y = KT 5 8 > 57> 81
> 88> HE B YT R VERVEY) B VE RS S~ 58 > 58 > 81> 8 o E IR RR A
] 28 < J 7 1 I 2 AR e P 23 2 2 FRUIR » R A IR RHEY B R ER
RO 7K B T2 g /K Fh B 5 JB B 45 A 2 VB ) -

(BASER - 8 ~ A RHEY ~ B~ R dPartilby)

* HI/EE - E-mail: ths@tactri.gov.tw
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B AR > T3 e RS E E
HRMAE  H I R R PEK R ER T3
FERTEHEE NE > MAER RS0 K5
BHREE BT » B TR /KBRS &
& B IR E K B HETIRR - 0 B T3
JE K MRS T e LUREAR - IR Rt
EEERzE Bk ESB SR H
BHEME o BRI E B A RRE T
2 VR IEHIE ~ 8P (WK E ~ #) K
R > IR R U 2 AR B MR
R EFKAME RV T2 2 28
GBI o YEPRRHEY)(Lemnaceae » {717 duck-
weed) 73 A1 & > 2 KIEEGE L IR
TEHEE RAEY) - TERERTH - (2 B A FIREE
(frond) k2 ARER (root) » HEIRES LIy 277 2058
fTiEfesgE > BARIE - BE&EER
KEBEARMRERE - P ERHEY) E A
L HE 2 T3 R AOKE BRI ~ 154
WEEE ~ REEML BT HFRIEEY) (PAHS)
Z R A O EF e R (eco-
toxicological assessment) ~ &1 K5 W EE 15
KL o AR A FR B IRIE - FEE
WRAH R 77 ~ 3552 MR Tl i B <2 37 VR R A
PR RE S o BN PR R YY) < B A R
7 AR RS R A AR > LI FOLIA
FE {55 B2 Hoagland 5 25 ik B 7% B /K o B 21
& BRIKREITE E Lemna paucicostata
Hegelm. .z &1 i B » B/ 8 A RS 2 5 1Y
Hoagland 1% #5 i lid B 8% ~ $87 ~ $% %1 L.
paucicostata it it {51 50% £33 IR A H
HF 7K BRI 10 fi% 5 Saadi 5™ Lk K B
Spirodela polyrhiza 7+ Homes modified 5%
VIR B 22 B K R AT IR Y R R SR - e SR BET

I
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{5 FHES BRI 15 | Coo fIELY £ 2 BRKHY 2485 5

Itis Drost®™f{i F§ Steinberg medium Eil Ince
0 B Jacob culture medium 32 & |

Lemna minor ¥} 7 R | Coo [H A 2.4 1% »

FIERAITAE A 3.2 15 o HIF SR 7T
Z L. minor £ A5 3l 5 R iR > 7E 5
MRS ALK » B TG A LR PR
Pt R B 5 8 2 BURFE » S G
KIHE R 2 REY & (Lemna
aequinoctialis Welwitsch) Jz %83 (Spirodela
punctata (G. F. W. Meyer) Thompson) » 31T
B~ B~ 8RB~ PERNENHEEB L
Y&k abe - BIRZ FEORAMEHH 4 X
K 7 K 1Cs fli (50% inhibitory
concentration) o

PRLER TSR

—  ZEUFEREMIEE

AP VR B 2 R R e AR R A oK
REMS > RIB B EHEE Y 5% 2
oy R R B A AR 22 ERLCY » E e Al
WREZFHRRHEY S BB S B2 E
¥ (L. aequinoctialis) %5 B 2 % (S
punctata) » £ £ 5 88 KR Joz i o #R
o] 2 VR S DAIE K IE Ve B R bR =46 - 3l
LA 1000 {55 16 2z 2% I 1 U TR S U DB U
B HLLLREEF KRB R - BEEE
TR > AR 24+ 1°C ~ EsiE 3,500-5,000
lux ~ & HOBRR 12 /NRFRY 42 RBRSE T 1T
Bl » SRR U2 Hoagland-E it
79 (FK—) o ZH0F IR R W — R b
R - M AEEAEE SR AGEE D L
H Bl 7 nl s Takln 5 MKIESEE] APHA
OZHH - LR EERHEYIET KB AV
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Table 1. Composition of growth nutrient solution®
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Composition Stock solution conc. Used in nutrient solution

MgSO, - 7H,0 24.6 ¢/100 mL 0.50 mL/L
Ca(NOy), -4H,0 23.6 g/100 mL 1.15mL/L
KH,PO, 13.6 g/100 mL 0.25 mL/L
KNO; 10.1 ¢/100 mL 1.25mL/L
Fe solution

FeCl; - 6H,0 0.484 g/L 10 mL/L

EDTA? 15 gL
Micronutrients

H.BO; 286 g/L 0.25 mL/L

MnCl, - 4H,0 1.82 gL

ZnSO, - 7TH,0 0.22 g/L

NaMoO, - 2H,0 0.09 ¢g/L

CusO, -5H,0 0.09 ¢g/L

Y Adjust the pH to 5.50-5.53 with KOH or HCI.

2 EDTA was replaced by tartaric acid as chelator in the heavy metal test medium. The stock concen-

tration of tartaric acid is 0.448 g/L

ThEABE - BHIGHH IR R AE 4 RN ZEIREE B H
wHTINE 2 f5LL L > H B4t (chlorosis) 2
TEARASE H AR TSRS B H 2 L2 ZE /N
[ 10% » b IR AP Al SR v R 15 (R R
LUR s 2 R it R m] B2 2 VERD B BK
15 15 E B T IERER - RoRiBRE R b
FPHRZER BEFIRITE &
7 o HIVES G BE A RAS T ERAW o

- EEB¥EFFZEY ST
(—) &8 55 22 0

22 % OQOECD®?(Organization for
Economic Cooperation Development) J {755
) SCRRE BHE AR R B D B - 45 « 55
IR ERE ~ B ERAEER ~ AR
B koA LB i U2
Hoagland-E %% %% ¥k fic /5 0 {# /1 EDTA
(ethylene diamine tetraacetic acid) 255 & 7|

(chelator) LLE BHE )t gk s - {HAH R
SRR 25 EDTA & 5 B E & 8 7
ZEVE  NIAEETT B B ENE R A Ry
A TEAABE AT - 7 ST AR & B M T
VAR R EE BT RE IR ELE
BRI B B MR E R
R B g I AH[R] o
(=) Al B8 i 2R B g

FEFRMRIE 1 4 5y MgSO, - THO ~ CaNOY),
-4H,0 ~ KH,PO, ~ KNO; ~ FeCl; - 6H,0 ~
Tartaricacid ~ Hs:BO; ~ MnCl,-4H,O ~ Na
MoO, - 2H,0 K CuSO, - 5H.0 Ii# 5 Bk 7/ &)
(MERCK& Co., Inc) ; EDTA (CiH1N:Na,Os)
K ZnSO, - 7H,O fEH Sigma /2 & ( Sigma
Aldrich Co.) -

FMEABE H < B & J8 i 4E CuSO, - 5H,0
~ K;Cr,0; ~ Pb (CHsCOO), Jz AT 5 Y
ZnSO, - 7H,0 fE# v’ y% (0.1 mole/L) ~
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Cd(NO;), 1 H#E 5 1R (1000 mg/L )& i H B v
/NH] 1 NiCl,-6H,0 Kz Pb(NO,), HIi#%H
Sigma /\ & e

HEBABEERACRE - 5lE
B 7K 70 B BC B = R EE B TR A R L4 100
mg/L $F ~ 1000 mg/L £% ~ 100 mg/L £ ~ 1000
mg/L $f ~ 2500 mg/L $F &z 1000 mg/L 7 »
A AABRIREE o I HGE B 5 R
BB BIA RS A LA B /K Bl B 1S
BRHPRESIE)  BRBRN T RE— H
LA KOH . HCI ¥ % B < Ja ar B 1 25
& pH {iE £ 5.50-5.53 > Bl %58 Bl HY H 5 B
Al E I LLGEA 8 U & S AR Al
(Inductively coupled plasma spec-trophotometer,
JOBIN YVON 138 ULTRACE ICP-AES) 31T
i RS RPN ESBIRA
(E)R R RAEY) 5 1 el b T A

PREFREE U (static renewal) 1t it e -

KRR E S B R
Table 2. Conditions of duckweed toxicity test

¥ 514 344 2009

TR O B — R A — RS
FC e 6 (2 ST RE) A [F) 35 BE 1) 22 52 Ja A
et B R - RAEIR S A DY E A e - R
R IFa% E AR o - 3lBass 4 K (96 /)
1) GO ERIF VR S IR AE B H 0 BE Hs =R
AR B B 7 KBRS K% » fUEIETR
Z RSB R BIER 2 ERIR - ABaAS R
DA R B o8 0 Bt SR A (] 35 o < J
VAR A > IR Z AT

NI E 4328 (inhibition %)

=(C—-F)/C x 100 %

C: HHHE VRN BRI s H

F o il Beal i e g 2 RS B H

HIN I 2R LIRS e RE R R 0 1 B S
15 B 400 1 B < R R S BB T T AR
B 73 B (13 FEOK HE 95 %) » 15 FIFH| & — ¢
JE i 5 (dose-response curve) iz | Cy, {iE (50%
inhibitory concentration) o

Test parameter Duckweed test conditions
Species Lemna aequinoctialis
Soirodela punctata
Type Static renewal
Temperature (°C) 24+1
Light intensity (Iux) 3,500-5,000
Photoperiod (hr) 12
Vessel 250 mL Besker
Solution /vessel 120 mL
Duration (days) 4and7
End point of test Fronds increase / vessel
Replicates 4
Specimens /vessel L. aequinoctialis - 12 fronds
S punctata - 24 fronds
Medium Heavy metal was prepared in nutrient solution (except Pb

which was prepared in deionized water)
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—  IBERPESE 2B

BRI EHESE > 1T
REELZE S HIE AT e B R of 2 & 1
Huebert 59 ) & R [F] i & EDTA 1% 2% 1 Ml
A% Lemna trisulca 2 M o 5 B EE T
EDTA JREEH QuM 25 % 81uM [Kf » #f L.
trisulca ;2 1Cx fiEi i 3.6 uM 25 % 55 uM ;
Nasu Z® ] 4 EDTA J A4 EDTA 2 5%
W ETT SRS L. pauci costata iy R 1 At g
RVAEIRE 1mg/L $EFE T » & EDTA Z

B PRI (1CE) /)
2 209% » {EAN 4 EDTA 28y s a4
e 52 N1 A B K2 50% o

LIS 1% (tartaric acid) 7% & BIHUA
B2 EDTAMS %23 Sifi LE A M2
Bl ~ 43 B LA EDTA O i o 2 2 PRl ) 155
U HH A S SR 0.2 mg/L R BT
H (L. aequinoctialis)iy A4k K & T » 4l
— o BEURAE NS I0ES & B 5 2 R rh
MHEE MR E AR BEE - ML
EDTA BEGEIRREEIRT » $ I &
e B R A AR SR > BN EDTA

Without chelator
s W

CK

Chelator in test medium
Tartaric acid EDTA

[ — ~ BEEE P A E S S c B A RA R - SiEH A F v 2B R FH B (A,
D) ; /] EDTA B2 &SR A RIEH - S MMHE F A 52 8 & 8 B A I
AHMEE SR (C,F) 5 DI AR 2 S RIS I B AR R B - SRBE PR AH & v 2B £

FEUIK (B, E) »

Fig. 1 Without the chelator, obviousinhibition can be observed in Lemna aequinoctialis's growth in
0.2 mg/L Cu, but the control (CK) also expresses yellowing (A, D). Using EDTA asthe che-
lator, the Cu-treated duckweed's growth as well as the control (C, F). Using tartaric acid as
chelator, the control expresses normal growth but the Cu-treated duckweed expresses the tox-

ic influence of Cu (B, E).
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EOMAGHEHRELVE o /£ LN A%
BESHR SRR SRR EERR
It HANREE BRI OIE - BN
it A EDTA RS 35 22 R 28 & ) LA
WEE BN AV OE 5 HE— B9
RS8R » ] — B AN G 2 S B S A )
TR B AN [R] 2 5 A 5 R IR T
S EkhRmR N & e A H CRYTE K - ICP-AES
Iy M it R TR BT LA 4 e £ B S R 2
TRC B B 8 FEE {3 B R 7 B K (P
$0.2 e 5 mg/L fySAvAHR - B MIE ST B
0.002 } 0.011 mg/L) » R LI 1K FC B
(R I SR VA R AE PH5.5 B e ¢E T » LU ICP-
AES g il VA R i B0 U BE A R AR T
(A% 0.2 K 5 moll [SmiAR » EHE Y
JlF 0.02 F 333 mglL) » % &5 > 1 K
F R B P ) B SR e R F R AN A
TP IR A RFRGR - SnrF e sl

DL B K B B2 TR SR VA VR AR #E pH £
5.5 t&:E1T 4 RIABREHER - M LI R iR
B AR R A 5 1 Coo fiE o

- -ExBRFFEHAREER

F R HH 7 2 (L. aequinoctialis) k38 v
(S punctata) .z i H&r i[5 (doubling time) 473 5]
% 25+0.04 K ~ 3.3+0.09 kK » BEfRFEEH
PREAE 4 RN 2 5 0L Bz 2k > A
TEIRRS I L S BT B - BnaAbe
AP AERIRIEREIZE - R=BEE
J& S VR SRR 4 K ~ T R 21 Coo fiE SR
P B R o7 B s ORGSR AN 4 KE 7
R & - FE#RH R 3K 0.90 H p
fiE< 0.05 » §H/ <5 8 i 5 By VR 2 1Rl
B S MERE 2L RAF ISR RR TR -

[ = 5% 5 PR S SR PR AR AN ) 8 < B R B
RS FHBUIRELE » U A s — 1t

Chelator in
test medium

‘J‘ ,/‘

chelator S

Tartaric acid || |
EDTA

Citric acid

& — ~ Hp I S E A B SRS AR

without Pb

Without 'k., f £
,\\ he 5

Concentration of Pb

Pb(NO;),
10mg/L Pb

Pb(CH;COO0),
10mg/L Pb
2 %

AR ER T B IR -

Fig. 2 Without or with different chelators, precipitates occurred in the Pb-toxicity testing mediums.
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Metal | Species | Symptoms discription Pictures of Symptoms
LA
CK
SP
LA Chlorosis
Root destruction
Cu
SP Chlorosis
Root destruction
LA Chlorosis
Necrosis
Colony breakup
cd Root destruction
SP Chlorosis
Deformation
Root destruction
LA | Chlorosis
Necrosis
Colony breakup
Root destruction
Cr —
SP Whitening 2mg/L
Necrosis C %i\?‘ "\ ‘?
Root destruction ¢ ?9\(., »I Y
v

= ~ H ¥ Lemna aequinoctialis J %57 Spirodela punctata 57 5 4 /& 5 2 2 B AR -
Fig. 3 Typical heavy-metal toxicity symptoms for Lemna. aequinoctialis and Spirodela punctata.
(LA : Lemna aequinoctialis ; SP : Spirodela punctata )
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Metal

Species

Symptoms discription

LA

Chlorosis
Necrosis

Deformation

Sp

Chlorosis
Necrosis

Deformation

/n

LA

Chlorosis
Necrosis

Root destruction

SP

Chlorosis

Necrosis

Pb

LA

Chlorosis
Necrosis
Colony breakup

Loss of buoyancy

SP

Whitening

Necrosis

i 17 .

The pictures of symptoms

B = ~ & ¥ Lemna aequinoctialis Jx %5 i Spirodela punctata 57 5 45 8 £ 53 2 LB EHUR - (78)
Fig. 3 Typica heavy-metal toxicity symptoms for Lemna aequinoctialis and Spirodela punctata.
(LA : Lemna aequinoctialis ; SP : Spirodela punctata ) (continued)

(chlorosis) ~ F{t(whitening) ~ i %35 5L IR T T - S PR R R PR S R
(necrosis) ~ &1 (deformation) ~ L5k e /) fife b BEALBI R SRR BA AR > RN T L
(colony breakup) %k & % 1% (loss of B o I TR R (I BT SE T R |

buoyancy)<s 5 @RI T 5 ¥R kiR iE 2 4K

RIS TN HENERZ 4K ICo 5

I1Cs {EH 47 BIIE 0.34mg/L % 0.16 mg/L » 1 7 A& 0.63mg/L & 0.17mg/L » 7 K 1Cs {H 5y
K 1Cx {E 47 Fl 5 0.20 mg/L Jz 0.11 mg/L (38 BB 0.23mg/L Jz 0.09mg/L(R =) » BER%

=) ulEH

15 o= 14

IBUR L LLE S 5 12 VRETBR) SERCE PR 5 EBUIR T -
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7

K=~ HF Lemna aequinoctialis Jz %5 7 Spirodela punctata T 5 < 8 & | & - S i # B 1Cs
Table. 3 Dose-response curve and I Cy, of six metals for Lemna aequinoctialis and Spirodela punctata

duration

1Cx0 (95% FI1)

Metal species (days) (mglL) Dose-response curve” R?
L. aequinoctialis 4 0.34(0.29-040) Y =@ (1401 X +0.618) 0.91

cu S punctata 4 0.16(0.15-0.18) Y =0 (1.648X +1.277) 094
L. aequinoctialis 7 0.20(0.18-0.22) Y =@ (1.542X +1.073) 0.95

S punctata 7 0.11(0.10-0.12) Y =@ (1.508X +1.443) 0.95

L. aequinoctialis 4 0.63(0.53-0.74) Y =@ (0675X +0.118) 091

cd S punctata 4 0.17(0.15-019) Y =d(1.163X +0.918) 0.92
L. aequinoctialis 7 0.23(0.20-0.26) Y =@ (0.750X +0.492) 0.92

S punctata 7 0.09(0.08-0.10) Y =®(1.061X +1.133) 094

L. aequinoctialis 4 299(2.75-325) Y=0(1.984X-0983) 0.90

or S punctata 4 124(113-1.36) Y =0 (3.652X-0.324) 0091
L. aequinoctialis 7 200(1.88-213) Y = (2.116 X - 0.641) 0.93

S punctata 7 1.08(1.03-1.14) Y =®d(4.046X-0.124) 0.97

L. aequinoctialis 4 124(1.13-137) Y=®d(1565X-0.142) 0.93

Ni S punctata 4 3.00(248-363) Y =0 (1.059X -0.550) 0.90
L. aequinoctialis 7 0.98(0.90-1.06) Y =@ (2481X +0.042) 0.96

S punctata 7 1.82(1.63-204) Y =0(1548X-0421) 093

L. aequinoctialis 4 30.1(27.7-32.7). Y =0 (1.536X-2286) 0.92

7n S punctata 4 204 (17.1-243) Y =® (0801 X -1.066) 0.92
L. aequinoctialis 7 20.0(18.5-215) Y =®d(1.929X -2500) 0.92

S punctata 7 12.2(11.0-135 Y =@ (1.025X -1.116) 0.96

Ph L. aequinoctialis 4 0.30(0.21-043) Y =®(0923X +0.448) 0.90
S punctata 4 0.14(0.10-0.200 Y =®(0.980X +0.833) 0.91

Y Dose response curve is determined by Probit model. X = logarithm of heavy metal concentration,

Y = Probit ( inhibition % ).

R (5 VRS IR IS 2B L o R PRIE EER
H o wLB R ERFR G RHEE » %
SHUEIAR > E i EERRE Sl - kIR
EOFAEURTE > DR E B FRRE © TRV
PSR 2 AL - SR TEAREE o e LI
T -

PRI N HERERELZ 4K 1CofH 7
RIS 2.99 mg/L ~ 1.24 mg/L » 7 K 1Cx B4}

Bl 2.00mg/L ~ 1.08 mg/L (£ =) » 5%
BB S R AR I PR ABURE 5 (ERUIR T 1T
B BRI N T PR SR B AL R HE R AR )
B 5 T SR AR ) 0 ) 2 T L Akt 1T B3R At
FIEHALBEBR -
PRERIE T HVE R Z 4 K 1Co {57
A& 1.24 mg/L ~ 3.00 mg/L » 7 K 1Cx {EH4Y
BB 0.98mg/L ~ 1.82mg/L (=) » $ES
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ME GBS E SRR
FEBUIR 77 T - #7 F E R F IR RHE Y 89 8
TE o B S BB AL s R ] e e
TERIEGIR - (HEF R EE AR BE AR B 5 &
WITETE » & SR PR A 3mg/L IFf > 4
TER RS B S0 > T Rl A EE 2 BER AR T
Ak F7 Aok €0 HL e ZE RS 77 B B SR -

PEREIR N EVE VR Z 4 K I1Co{H 7
A& 30.1 mg/L ~ 20.4 mg/L » 7 K I1Cx {H 5y
A& 20.0mg/L ~ 12.2mg/L (% =) s EUIR
W% > PERRPROIE PRESIRES E AL - A0
B ~ HE5E ~ BIEEEUIR - (¥R
DR R LR EEZE0IR - B RHERE S
i 60 ma/L IRf > BEIRES o H BB % 2L &
KBS FER -

BRI N HVE R Z 4 K ICo {57
HE 0.30 mg/L Jz 0.14 mg/L (R =) - iff 3¢
EYENR VRS B Z MR SRR D > B E R
fix K » £ Mohan Bl Hosetti 52 % 7 B {5 B
775 L.minor %180 8 K | Cs i 5553 160 mg/L »
1£ Wang® {52 4 K 1Cs fiEL I 55 8 mg/L >
A AT 52 3 B o R 8 30 B0 i &) B 1% 20K
Z AE R Ay 7 AR U T s B A B IR o S
BT B o7 IS SRR 80 IR R (R
PECENRE > BEh 2 BB BIE TR~
B BRI B OK - AERUIR T > 80
{5 & v H B S RS 2 A B 2 480 it > By
TERRS I 2OKIEIR » I B R R
HI 1T 3 75 2 SR AR AR BE - SRR PR S8 VR 5K
W 2RI H B R B BB - AR BEIREE
BRI B g -

s F v B [ A4 SRk R IR L
minor ©01 02 XL S ~ B S B& S B S B EE
PECHE (F2PY) » H 1Cs B ECoo {2 1= K
TN VR AT~ B SRR L. minor BRUK

¥ 514 344 2009

R~ SERSCOERILL L. minor U » ¥
) 7 1 e I A — 1

PR EEMR S HI B 2 FH IR GY - JRn]
B~ R BEE O R R IR AR A R A2
BT A 5 $F0E 8 mg/L IR A AR
#RZE R - {H4E 80 mo/L HY IR T A
BERVEIRA AR 5 SRR E R g8
TR 2 AR

y i

P Fa R ~ K B BB MR <5 2B )
FUEHEE > P Rk B R IER
B AN RO A A I SO RS 2 RS
R > AR REUR - MR AERHED
TEAR B B H B R 2 FRUIRAY AR - 3%
VERHEY) Al VB AL W Ha R LIk B Hh B
B EIHEE R L R IRIR 1C K
JNPIERT - B4 B %S ¥ (L. aequinoctialis) iy
TV IR £ 30 > 30 > 81 > 88 > 5¥ 5 &
<52 B 4 5K ¥ (S punctata) i A1) 2 1 AIHE
Rl ~ B > 5% > 8 > 5 - BRESBRY
VERV B IELLRVE R 2O - HALE S B IR
VRHYBEEVERCE VRS - I R R AR R
SRVRHY 1Coo i 32 52 BT /K AR #E (3.0 mg/
L) > HEEIREH T Y 1Ce 4K
PKARAE (1.0 mg/L) H o 2 BT A4 5K
HER FHIRFIREOIR - A A S it K ke T
FEREKE 28T

anj

AR TE ARSI 7% 2 AE 155 B 7k B
ZEBBOM - REILE
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b
Table. 4 Comparison of heavy metal toxicity data of Lemna aequinoctialis and Lemna minor
. Test duration I1Cs or ECs,
Heavy metal Species (day) (mglL) Ref.?

Cu L. minor 4 1.10 26
L. minor 4 0.47 16
L. aequinoctialis 4 0.34 *
L. minor 7 1.50 15
L. minor 7 0.62 (9.70 uM)? 10
L. minor 7 0.33 21
L. aequinoctialis 7 0.20 *

Cd L. minor 4 0.20 26
L. minor 4 0.91 16
L. aequinoctialis 4 0.63 *
L. minor 7 0.21 (1.90 um)? 10
L. minor 7 0.32 21
L. aequinoctialis 7 0.23 *

Cr L. minor 4 35.00 26
L. aequinoctialis 4 2.99 *
L. minor 7 8.50 15
L. minor 7 2.30 21
L. aequinoctialis 7 2.00 *

Ni L. minor 4 0.45 26
L. aequinoctialis 4 1.24 *
L. minor 7 3.30 (56.30 uM)? 10
L. minor 7 0.37 21
L. aequinoctialis 7 0.98 *

Zn L. minor 4 10.00 26
L. minor 4 5.64 16
L. aequinoctialis 4 30.1 *
L. minor 7 3.00 (46.10 uM)? 10
L. minor 7 9.60 15
L. aequinoctialis 7 20.0 *

Y The sign of * means the result in this study.

? Theunit in origina literatureis uM.
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ABSTRACT

Wu, C. 1., Juang, Y. Y, Lee Y. H., and Shyu, T. H.* 2009. Toxicity tests of six heavy
metals using two common duckweeds in Taiwan. Plant Prot. Bull. 51(3, 4): 69-82.
(Taiwan Agricultural Chemicals and Toxic Substances Research Institute, Council of
Agriculture, Wufeng, Taichung, Taiwan 413, ROC)

Duckweeds (family Lemnaceae) are widely distributed, floating vascular plants. Their
small size, structural simplicity, rapid reproductive rate, and ease of culture have alowed
them to be used astest species when monitoring aquatic and wetland pollution. In this study,
Lemna aequinoctialis Welwitsch and Spirodela punctata (G. F. W. Meyer) Thompson, two
common duckweed species in Taiwan, were used in a phytotoxic assessment of six heavy
metals. cadmium (Cd), chromium (Cr), nickel (Ni), copper (Cu), zinc (Zn), and lead (Pb).
To evaluate the duckweeds' response to heavy metals, static renewal toxicity tests were
performed, and frond number was used to calculate |Cs, (50% inhibitory concentration)
values after 4 d and 7 d of exposure. The ICy, values for L. aequinoctialis at days 4 and 7
were, respectively, 0.34 and 0.20 mg/L for Cu, 0.63 and 0.23 mg/L for Cd, 2.99 and 2.00
mg/L for Cr, 1.24 and 0.98 mg/L for Ni, and 30.1 and 20.0 mg/L for Zn. The ICs vauesfor
S. punctata at days 4 and 7 were, respectively, 0.16 and 0.11 mg/L for Cu, 0.17 and 0.09
mg/L for Cd, 1.24 and 1.08 mg/L for Cr, 3.00 and 1.82 mg/L for Ni, and 20.4 and 12.2 mg/L
for Zn. Because Pb in the culture medium will precipitate, Pb was prepared in deionized
water. The 4 d Pb ICs, values for L. aequinoctialis and S. punctata in deionized water were
0.30 and 0.14 mg/L, respectively. The symptoms of toxic injury included chlorosis,
whitening, necrosis, deformation, colony breakup, and loss of buoyancy. In addition, some
metals resulted in growth inhibition or destruction of duckweed roots. Based on the ICs,
values, the toxicity to L. aequinoctialis was Cu > Cd > Ni > Cr > Zn and the toxicity to S
punctata was Cu ~ Cd > Cr > Ni > Zn. The results suggest that L. aequinoctialis and S.
punctata are suitable as bio-indicators when monitoring effluent and industrial wastewater
and are useful for studying the phytotoxic effects of heavy metals.

(Key words: heavy metal, duckweed, Lemna aequinoctialis, Spirodela punctata, phytotoxic
test)
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