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Cl (SR AEYER, AR 464000; 2. RN KFEFEH 2R, BIHALRE 430072)
W E. MA%MSpirodela polyrhiza) Ebt Bl E LR BHRG TR THMEAM EHEER HEGEACRE
B HEE a BN ERBYENARERNE N, SRRV IFEPEM 1 pmol L' d ¥ CuZt iy BIA] 8 F
I ERENER(BSENTEREER), BEEMAAKRMA, X4 K& EREM, 8#EE 8 pmol L
Cu?* B}, FHEZE 2 pmol L1 Cu?+ LA LR B AWK AKEHABTTHHEESREARETR, BXXRHP b
EHEBEEARR M HREE a R FEBHEW, G E WL (24 h fO Fo #1 Fm &, {8 Fv/Fm &
AR/ , B A TR A E) 00 - FIAC TR MR BE (8 A0, Fo #0 Fm T E R (KK FE 4852 Fm TREWR,UZE Fv/
Fm TR BLAE, RS EAHEC TR, ML T K F Mot AN A SR /KEdiEm, =Y
Myt —EN RFEA AEAERFRKREKFTHYWAYEERE TR BMABYEENAELE &
PENMERAGROELT AREEEEREHEEATHETABSRIABEVHDEER.
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Effects of enriched-copper on
Spirodela polyrhiza

LTI Hong-jing! , XIE Su-xia!, LI Tian-yu2*
( 1. Department of Biology, Xinyang Normal University, Xinyang 464000, China; 2. Department
of Environmental Science , Wuhan University, Wuhan 430072, China )

Abstract: The effects of copper on growth, pigment content, chlorophyll a fluorescence and Cu accumulation in
tissue of Spirodela polyrhiza were conducted. The results showed that copper could depress the growth ad-
versely on both fresh weight and dry weight basis. And the fresh weight would be negative growth in medium
of copper-added at 8 pmol L1, the dry weight at 2 pmol L1 ;the content of chlorophyll decreased greatly, but
not the carotenoid;to chlorophyll a fluorescence,in first 24 h,copper made the Fo and Fm bigger,but not Fv/
Fm, then Fo and Fm reduced to very low, specially Fm, so as to Fv/Fm would be negative value, which demon-
strated the photosynthesis apparatus had been damaged;copper content in tissue inereased with the concentra-
tion of copper-added in medium, so the accumulation of copper happened. Because of biomass growth being
very little 2t high copper concentration addition, so it is only available that using Spirodela polyrhiza to re-
store the environment polluted by low concentration copper.

Key words: Spiradela polyrhiza; copper; fluorescence of chlorophyll a; pigment content; phytotoxicity as-

sessment; phytoremediation
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YR IR R E . BT BRESERBSAMEMmE,
mAaEKFRR  ERPEEMK R, ENEZEK
YA (Flemming 1 Trevors,1989), B FHIE
WAERNEERENTE FAMELTH AR, X
RAHMTBERBLEA, SBANIF R BB T ELE>
EEURER REAMNMERTRENEAFLER
Kighn, ARX BB TEHSIIEB-LEFHLIAE
FERKEHREF S L EZENFI T ERFATE Y,
fkFEBZH T HERABENEZE., BRAPRER
EXRPFEAX WIS YR XZFEN, BX T k&
) & A AE Dok R, BRI SUREER & L KX
AR S e RS AR 10 B 1 000 £5, 54 Y
RFR JES LRI FRBEREFFE LR H
RS EHEREKENRENUERER LEM
1k 3 ¥ (Maksymiec, 1997) . XA B & X R LK
ERKEEVHEFRTETENLEE, . ESKE
ASRENEWERBER, EETRSME AR
ARG RAB . —HEYFBNXER PHEK. K
AR NEHEIEF S AKEPHFHG SR, TH
EEEMRSHKEEMHI AT HFAFTRKEFAT
B 52 R 5 LA T 58 P 40/RR ) A 4 28 X KA H B 4R
IK AT A A B TR AR A, AGRIEAE SR P ) K B8
EYFENL, FEFBEBIMNESEENTEBLSE;
FIRAXFEARENEY EEESIET RN KE, X
BRI RAFEEEXHRRE. B EAR 40
BRAKFFAERKE, EFEYBAREEEFRFFE
BRI R, TTRERES QMR T X 2 T MR
EERRE RN .. —S8URMFAR A RRERE
AREHURSTEAERKEAT EBEURESRHIE
LH B, BEE TS g 6 0 R 4 B ASIE R T K
TR IR 2, AR 26 B R P ) A 2 B AR S B R R BE 4%
EHFETRARESYT KM, SO HHESA,
BRAREF B, EEE PR B, BAEHEER, AF
RKEB—, WABEE S AR PHFAKEHFARLE
SR EEE R ML R, E11E 4 T 6 B4R
REBERNGES, sk B — £ 7] DLHEF 4 i Ak
WE R, X R 708 IE4R TS Gk R Bt B 1R oK
WEZAME. B2, HERRAETBKELHFEITE
PRT - PHEER, SWE - X HE Y AR
FBFESH, N — MR ESRERHIIEE™ &
BREWE. ARMETEABRER S 79 R
BT R

BEEM(Spirodela polyrhiza) , LR, B

FERER ENE . E—-MEHRARENHTEY. X
B & FI# 6093 MR 2 7 tH R 1R 2 3K K EHEH - A6
BB Y R R A LN AL A B B AR A L AR
rERAEFIAR. HRERFR, B TAKE, REET K
B, UM TFERAEEUMMRENREEHAY K
B, AHEEESENE AR E KRR, HF
DEXR.ENMEKSE, JLRENFT M E R,
1990), 5REBMHED ML, XFEHTHIH .
R AR B SRR B R IR T A O A P T A
M EEY L, R EAFE KT ERE W
W E#HET THRAR, BRI —BERHATHED
AT O &) — > I H (USEPA, 1996,
OECD, 2002; Walbridge, 1977 ; Lockhart &, 1989;
Huebert i Shay, 1993; Wang, 1986), X {2 I I 1E
HRABRKHEL.

AT 5T R S0 5 2 3 S B9 O B 3B A T RE R TR
WETHNEFER. CEEABCGEWEEK ab,
EHPE PRDFTERHEE 2 ZOLRE NG J HHE R
HAEADER R ZRER, &I T HKEWF &I R
MEERNRM, AT EBEX KA BRFAE
BRBE 7, T A% W B9 A2 2B RN B X SR AT A R4 L M
RGBT R, W T HEKE ST REYEE +
B HHE .

1 #MkE 7%

1.1 48

SEE A B R 8 B B R B R DU PR A AT
AR MBIES . KERE M EMESCHBRAKMEEILK,
HRAZEBKAYE 3 K, BF 1/20 89 Hoagland I ¥
PHATESR RAETREE KN, BT HTIRA
H,
1.2 /%
L2 1mAxr L ke ¥ 7ELEFH 250 mL 1/
20 Hoagland W Ay 6k, 4 B in# 0.0. 1.1,
2,4.8 pmol L' Cu** , BFH SN EE, BN R
WA S MERIEFHEENMR(EE 3~4 MR
), ABT AR K K T REAKFFHREEE, BRK
DHEALE) S S MMEFREEE S FE 60 CHY T M8 b 4t
BhEHFE,FTE AASESTELRES S
PEARBMAR N ENRERTE. ERARSE 12005
PR EENT A E.TE, EEIRPAERE
T .
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lL.2.2mxohmelEsEwYh TEHHER
1 000 mL 1/20 Hoagland ¥ ¥ A9 38 %t & , A3 510 m
# 0.0.1.1.2.4.8 pmol L Cu®t , &Mk BEYLIK
AKY 3 g(HBE)ERKIEFRMESENMEGER 3I~4
AHRE), FRIER A BREEASAR, BER
REERMNMREREFESIE, STV
0.5 g(¥ &), AFNMREBRUEIRELYTE : K #
MEER =280+ 19.5: 0. S)EREFHEBRRA
#£.3500r min" B 5 min(LD25-Z, bt RERE
DL, b W S 40606 BE I (UV-VIS spec-
trophotometer, TU-1901, it ¥ AT @ A B R T EL
"D M| F 663,664.647,645,480 nm 4 B9 1z B
(A, 8% &5 B R Schopfer(1989) A9 5 % #1711t
B, HPESE3IRXRER 1 KEBEFRE.
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Fig. 1
copper-added medium for 5 days
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Fig. 2 Growth of dry weight exposed to
copper-added medium for 5 days
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AFICGEE) £ =Ry FMS2 & Bk b i # K K6 W 2
{2, 7E £ 4F 10 B, £ 20 min B%3& B, T & 3k B8 &
£ F# Fm,Fo,#+ 8 Fv/Fm; REF ALK 2 719
MR ABITEAIE T 24,72 h BH#ATRE FME K
{4+ F 8 Fm,Fo, & Fv/Fm,

1.2. 4Rk Ne) B QEEIEFRTEO.5 ¢
(BEEMEYE, F FHEBE N T, ERFRIK
ANHEM LN ERER EIHEYBENEHRHER
. REELFBME 0.0.1,1.2.4.8 pg/L HHH
1/20 Hoagland ¥ #F#W P &5 120 h G R AR/
FEMEHEYERNNAE SR, LR H0 BERK
B, BREIBPAELRERBE., SMERKGER
# 320 mL) P RYIE IR IR 250 mL, A B9 P Y
0.5 g, BNMRER4IMEE,

2 # X

2.1 AR AR

EME 1 ME 2 RV EE, I 4K
AENEFENERAFEENHER FRREYSHE
TR TEEREXMHFEE.

S8\, TET B8/ 3 810 H 3K 00 ok
BHRNENARE., TEERMYMMEE N 2 pmol
L'SME R E K B EAEEMAOANKRER
8 pmol L' A MBI K., W4 MR IRE D
0.1 pmol L't , AR TEREHEL HKES
XA TR EMRD, BHERXDRET, A5t
BRI BEER.
22 AR BIERBENER

HUWFE A BRKFAEEL, Al A{UY
50,1 pmol B4R, 53 AL, £33 5 d A3,
HERR bW EEHEBAE XET, RAEXHE
KFEMHEEGREREBRLBRATLEEEIER. MR
INEEE R EAE 1 pmol/L L Lok, AT LR &
a b MERELERIEREBRKEH. HEE ab
MEBRSXRAEAMEBL T 300 £, 2550 2%
THER o, ANIERERE MELBREN L
Fr &R TRARETHRI— KPS 5HKERN
RKEBRAWUET . EXREHEESEKEHOAETIA
HE MEWERTRKEE, EHFNE TR R
MALIHAR B A, A HESERRZ B HIE
AR RIIFE 1,
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2.3 AXT 4R K a WA= LRI

K ERFE Tt K a ROCRE MY GRS
F& 2, HARITEE o P A KR ME TR E A
MEYFHEB O a LAY Fo, Fm HE A, BARK
Fv/F AR ZEAL I AR . {ERE AL 3 e [A] A9 RE < FAL
HRE TR, R K a 36K Fo 1 Fm fRRET
M, JLH R Fm (BT FEESR. R0 2 8 ¥ B 4F 0. 1
pmol/ LY ZEFERT , H Fo #l Fm BB T FERIRD .

R1 {FRBENENXSEREEIRAEN
Table 1 Content of pigment after 5 days exposed
to enriched-copper medium
& F i 518 Concentration of copper-added(pmol/L)

Pignent Control 8 0.1 1 2 4

H@EEa 1.03 1.03 1.03 1.03 1.03 1.036
Chl a 1.05 1,12 0.86 0.61 0.62 0.59
HFHED 0.32 0.32 0. 32 0.32 0.32 0.32
Chl b 0. 36 0. 34 0.29 0.26 0.24 0.21
KW PR 0.21 0.21 0.21 0.21 0.21 0.21
Caro 0.19 0.20 0.22 0.20 0.19 0.20

Note: First number is the content of pigment just before exposed
to copper, second number is of exposure to Cu for 5 days.

*x2

2.4 AELHEHRR

EREAEAEDEANBERBRRE 3. AE
SHANTTLUEI,. 253 5 d (YA EEH, BEEAR
HEBKFEE KRB, MAMBKRENA SR E
REBRAHMMBE.

=

3.1 A EFEERNTM

MY ERBEEYRERNEGE FHE
XMFREEXHYRFREEKIEHESOHEY,
AR H , B4 A E W H A BERS, ER
AHERENRRENELT . EKXEEHTEY
WL RPN R ME—$8FR . FRE A K FR TR, X
FTHBELEFBRFPREERE, EX—THAEE
EoEMRETHMWHERAEAHE BEREXD—
EKRPE KX E KN MHERRBEEE . NS RTE
TERSELMENMN, FEELRLBHSERFE
ALUED . TESSEML, LM EEMREK

3 w

EAIAHERE a WA EHRR

Table 2 Effect of copper-added in medium on fluorescence emission of chlorophyll a

HRE a M Xt Hg Concentration of enriched-copper{pzmol/L.)
Fluo. of Chl. a Control 0.1 1 2 4 8
0h — — — — — -
Fo 332 323 302 301 332 321
Fm 1156 1151 1040 993 1162 1165
Fv/Fm 0,712 0.719 0,709 0.696 0.714 0,724
24 h — — — — — —
Fo 339 370 406 429 469 530
Fm 1165 1283 1366 1514 1542 1761
Fv/Fm 0.709 0.711 0.716 0.702 0,696 0.699
72 h — — — — — —
Fo 309 235 219 184 145 98
Fm 1108 835 694 573 297 122
Fv/Fm 0.721 0.718 0. 684 0.679 0.512 0.197
R3 EFHEANNESRE (mg/kg FTE)
Table 3 Content of copper in tissue of Spirodela polyrhiza
HER honii] Concentration of copper-added in medium (pmol/L)
Content of Cu Control 0.1 1 2 1 8
Before treated 51.82+8. 34 51.82+8.34 51,8218, 34 51.82+8. 34 51.82+8. 34 51.82+8. 34
Treated for 5 days 53.2+7.8 296.21438.4 420.1+46.3 798.4180.6 962.6+97.5 1105.74+103.2

FEREHSMEM 2, R 9T EEN Y ST
PRI B L ER. Fat b FrER R ERLE
B HPARARA B AR VRERE K, EER
5, WY O R Mo AR HT T AFEEHEL,
BERSBARCT I, FRE— BRI &

T, WA EYEN S KEMEKERXSEEKE
BRRA GXHER R A Z A HHTHEN L
BT BB 5 S PR 1K B A A
32HMEGIERBRNER
HEEROENSBEKFRHEYERKE KD
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MEEEH. RO KEERARYE - HERY
PR, BB RKE ER. SN EERSE.BE
BHEBABENE KRS, AEAENERKF
FEZBRAE KR — M ERE KT, EnmEFE
ELREFHEFEEXN AR A BA TSR,
PB4 THEEE KR, XEMEEH
FHERFEMRI MR, EXR T, HINARFRE D
Af, M{X 0. 1 pmol/L B, B E A &2 55X A
JLFBRAZH . RALBRA LA BNER  BERX
IHAAHEFNRMAEBEMANFTE 1 pmol/L
PLEet, BRKFIELBAEEHE TR, THRER
Alik 30 L. B R W RAHETERIHER
a.b BIEA MEHY PENFWEAHE,
33EHMHRER a WAL TN

HRK a KIEANRISERETNIENS
BTRA, AANMARERETIWERAIRERETE
KYEMH. B THEXTHE S TSR & R i R 8.3
ERE EE, FECERYFREYZEFERTEZ
MR, AR EY RN — T8O FE. @
HWEMFR a KARBBEEEEREIELUREX
Moy, Ml TAERMMER R KEERMET LS
AN —MEFEENNR . REEFERERERL
HERHBEEZEMPHE AR RARIKEN
HEETHRIHPHE AU EENSEANEER
T AT 8 AR A A8 R 49 o7 =X 2 %0 18 173X #6245 (R
WRArTSE,1995) ., TEAWIR S, BEEIRAFEHR
MRt , BN & BK FRA TS  FEE IR
Fo(#IEPI6) A Fm (B KK ) # L F+, #E+#F Fv/
Fn HRELA R, WA AT ILH EE T 1E
M. BREE4FAEAERK, Fo fl Fm.Fv/Fm
HETHE, H Fm (A FHEEH, X F o H R a5
WER BT ANSR . REEMAKSN 0.1 pmol/L
BeF 5 53 i AR A6 R Jn vk B B 9 B 3 L (B AR AL E R T 1A
BHX. I THERKEMRL A Fo.Fm.Fv/Fm
HE T REBRIKAKE, HiF Fo.Fm B 7 50 L
T+E%E Fo>Fm,Fv/Fm RHA{H,JEELRSHEH
MHMESLEDBE, TR K a DRIFEERW.
JAMEEFEANRRA

LWERERY EERENA &, EMENA
RREBASWAR . BHTESKERLIE,E
VIS ENTESRE TRETHE, XREFEEEY A
MEHRERIFARAERNLRKERSN SR,
R} B 5 T 7 5 9 BE P SR 4 H R SRS RSB T R 4>

it , B I PR35 o % Wi BRI B 4 4 38 7 T RE R BT R K
HRE SRR ANEENER. Bit, MRE
FIFRME VY EE N, i T BT SR
FE—E Y AR EKEABER. BTRATA
AAkERFVEYERE LHERESE, B
ARE Sk B F—A- 8 S H 7= AV Y3 R A S A
1, B BATE 2k Bk 4 o ) SR RS i BB AR IR,
XFEOLE A i A8 (Clark %5,1981). IER A0
M mE - EAN N ESEMEERSOEY A
SRMBARIEESEERENEYERERNOELR R
.

FAZEITEMILESNBERHERAITFZERMY
FRHETF 0 85, 31X 5 4] 785X O T B Ak 2 BT 9T Ak
B4 A~ 8 (Walbridge, 1977 ; Lockhart 4§, 1989;
Huebert #1 Shay,1993; Wang, 1986), X & Xk ik
HRELZ T E RSS2, X5 [ 8 3
THRBHGER., ERAMENRLEETHRAHE
1, AXEMARBEHIF RGN KIZE, EMNZ
BVITBLERARIT R F I E MR T X &R &
RIS, X ENRRRT AREE . AURX
AMEFSFHEE K= HNEE, LS & fH
YR EVLR ST IRATR, LR P HRETHAY
HEZEMEDETERE RPATSRENTRE, B
EXEe, ATHYRASRERNETE EAS
RO FEENER . EEFESRENSHMIE, 4
PAESFHEIRAEXEENER BREREZE
Z . HEYBERTN S HE TN T E R IEP
AL —ELE R 7R ATE 16 E mEE,
REPFHEFEEEEENER. REZREANHE
LY PEM 1% 0 R E , 3 BE U8 B IR AT XX
A1) R AN R AN 48, 48 3R B FR AT X 1 1) B A9 0 9%
KRB, MR AR RIBRILE., EE
SEBFARERTKEESRSLEEENE L
NELHAPZREARRAEFTTITH. LRI FTRE
L AT RN — AR ESRNE
M R RER TS ROHEYBEREF.
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