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1.1 SEIg#ts

S A B ORy i R R KR R A A
FRA VB VU0 SRR R, 4 il
P2 S . PRBE AR RAF MR 5] TG
V5 YRR, FOKAEVERE o AR BHAR (45 em x 40
em x 50 em ) JiE V-4 [ 2 JE BT 3R BR, A 10%
Hoagland &7 50 L, il IR o7 41 3 do i
Ry ARG, K 25 °C,pH 8.0,
1.2 LWigit

PERETE 15 OB —BUW R AR 1T 4w
H52E . ] 10% Hoagland % 57 ¥ IE il A [) ot
WEEESBEFRW 30 L, HIEHs 1.0 ~1.5
pmol MES FI Tris ¥ 7 pH 2.8.0, HEFHHY
TR AR S (B FEFPAE T RE SR A4 b (IS HF B4 20
em, 15 LB 09 B oK) , B4 15 #Ro ARG
A N R ] AR P R e A i 75 7K &5 G Rk
FRUEY , 2 BT 4E 212 HUANG 2850 (1 5 5% 45
IR, IR X000 AT I K BT A S s G T 45 SR,
ESLIGAR PR3 AR AL, Hop . Cu?t
$70.2.0.6 1 1.0 mg/L, Ff| CuSO, El;Zn>* Ky
4.0.6.0 F1 10. 0 mg/L, ff] ZnSO, [ Hl; Pb*" Ky
1025 135 we/L, il Pb(NO,), Biidl; Cd** H 5.
10 120 pe/L, H] CdCl, Botil, BB 3 AT,
iR E TCE 4 JE X A IR 25 °C, AR,
1.3 E¢ERERENESEREITE

SEERSE T RERL S I 20 mL KRR, HORE B
R T R T K IR AT, A S R
TR AR . AR LR
A7 i vy B PR E A o A (1) F(2)
A

R=(C,-C,)/C, x100% (1)
(G -Cy) xV
A=t (2)

s ROVTEGIE LBRE, % ;A Ry 7 it i B
EBREB R, pe/g: C AEBBYIIRTURIKE,
pe/L;C; e T REAJE AT, ng/L; V 5L
TSR, L W o i R i, g
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1.4 MHEZAESVAESHNE

RIAIEICRE L E M2 R B (Cy) 5k
Fa(C,) MR b(C,) Fh. RAK TR
776X (Dual-PAM-10) i i€ 5 e S 5. B &
BN, L 2R B AR AL B 20 min, I 7€ £z /)N
MR Foo JTIRMEABKME(0.7 s) M AFHR AR
YO F,, o BOENR, MENE M /NOE F DT
RV F, RREIOLF. o

PS I S e RO 28R (F /F,)
PS I BT AL AR (F/Fy) Jef KR
Q) A=A K AT (Q,) AR T &
(Yy ) JEPERE R FE RN 77 5 (Ve ) 2031 H
2A(3) ~ ()R

ot 3
Fm_ Fm
F__Fm_FO (4)
FO_ FO
F'_-F,
Q = /m I\s (5>
! Fm_FO
Fm_F,m
Qn = Fm _F/O (6)
F, -F,
YNPQ:T (7)

1.5 Zitoth

K H Excel 2016 FlI Origin 8. 0 #Ff7 544 i1
T RIEE 2L, & SPSS 24. 0 i#47 AN [A]
JoT e e J3E 2H A] 22 S 5 PR R O 22 40 (ANOVA)
P <0.05 A WEMEESR.

2 4

2.1 FEMNEEENERIR
AR [ B Cu® Zn®t Cd*" P
)RR A R IR 1, SYHBEEKEAALL,
SCHG M (R] 4 FhEE 4 JE T U R AR TR B
Cu* iR BE 41 [ (600. 34 +21.45) pe/L]HY
R, M 41.33% , T Zn°" .Cd>" . Pb*" )
3 A o vk BE A R R A 4 i o 33, 88%
29.20% 1 45.70% , FHHX} Cu®* [ Zn®" Cd*" |
P {14 5 e WS VAT B A9 XoF 7 Joi o Wk B 22 )
S, Cu’t 2’ R U R 4 W A e T
Cd** P U] r g 3k 38 20 A9 R A e v e i
WS4k 4. 21 .25.30.0.23 0. 51 pg/sg.
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R1 EENAERRERFRE Cu* [ Zn*" [ Cd*" Pb* " IEBRHR
Tab.1 Removing effects of Cu’*, Zn>* , Pb’>* and Cd** at different concentration by V. natans
HEE W hR BT R e LR PR EBRF BT J R
Heavy metal Initial conc. /(ug/L) Terminal conc. /( ng/L) Removal rate/% Removal amount per unit mass/ ( ng/g)
200.01 £11.12 110.58 +80.50 45.00 £5.87 0.90 £0.54
Cu®* 600.34 +21.45 310.50 +£150.43 47.33 +£8.03 2.91£1.04
1 000.00 £40. 54 550.55 +330. 19 43.70 £11.56 4.21 £0.50
4 000.00 +54.57 2 500. 87 +190.00 33.88 £3.75 13.05 £2.37
Zn** 6 000.00 +39.05 4 010. 10 £430.59 33.13 £5.55 19.08 +5.76
10 000. 00 +419.00 7 470.50 +£443.00 25.23 £6.44 25.30 £7.02
5.00 £1.43 3.54 +1.09 29.20 +£4.51 0.15+0.34
Ccd*+ 10.00 +3.55 7.61 £2.22 23.90 +5.22 0.23 £0.15
20.00 +10.55 19.02 +8.93 4.90 £1.89 0.09 £0.08
10.00 +£2.49 5.43 £2.53 45.70 £9.66 0.43 £3.55
PL>* 25.00 £6.51 19.94 +8.95 20.24 £8.55 0.51 £0.44
35.00 £9.18 33.64 £10.55 3.89+1.55 0.15 £0.11

2.2
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eanr 1.
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Cu " FFHRUHE N 0.2 mg/L B, 28

R4 Control group
Of&FAEIRE Low mass concentration
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[ b

aad a a a

e o e s,

Cu In
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ad

e

Cu

(c)

M4 E a SR b S RMAMEBMSE C, 5XTHR
HEFARZE(P>0.05), FE ek Ed C, .
C,.C, 1 C./C, Mg ZARTF X RELL(P <0.05)

C,/ (mg/g)

c/c/ (mg/g)

R4 Control group

OfRAEIRE Low mass concentration

= FFEIRE Medium mass concentration
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]

|
b7

Cu Zn
(b)
m X84 Control group
Of&FEIRE Low mass concentration
» R EIRAEE Medium mass concentration
_ BRAEIRE High mass concentration

i H ©
A

e

(@

K Duncan [R5 2T HOE, IR T 01 E FOR LA 22 R A BE (P >0.05) , AR FEE FoR 4R 22 57 2.2 (P <0.05)

Duncan’ s method was used for multiple comparisons, the same letters indicated no significant difference between groups( P >0.05), while

different letters indicated significant difference between groups( P <0.05).

1 CuZn . CdFfnPb HEBEFEEHFESETWL
Fig.1 Changes of chlorophyll content of V. natans after treatment with Cu, Zn, Cd and Pb
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o’ AR M 0.2 mg/L I 5 B 4% b
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YL F, ST 22 R A EE (P >0.05), Cd** 52
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FE B R o Cu®™ Wt o5 6K T e vk 3 4 g ok o
WA F, BETRE(P<0.05) , Rk EH Y
X4 B E 25 In® Wl G LR F, B
KT HRZH (P <0.05) , i Jo e v Jo A e K, (IR B
BRI Z . C" Pl 555 F,, Al 258
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R R E A LR E 2R, G PP ha e
I PR Y] F, SR 25 AR B3, &R
IR AR KT RRLL(P <0.05)
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(d)

R H Duncan [R3EZ H HLE, AR FHE FOR AR Z 7 AR (P >0.05) AR FHH FR 4 2257 8% (P <0.05) .

Duncan’ s method was used for multiple comparisons, the same letters indicated no significant difference between groups( P >0.05), while

different letters indicated significant difference between groups( P <0.05).

B2 AAELEREREHATEF,F,.F/F,fF/F, %
Fig.2 F,, F,, F,/F, and F /F, of V. natans in different treatment groups of heavy metal

F/F, 75 Cu™* 1 Zn* " RbFR 5 B (P <
0.05) , = i vk 8 41 e R, HP o R R A AN
RREH T EZES, C& M Pb " hia)s F/
F, & TRE(P<0.05) , i a5 Wk B 2 Je/s,
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SRS B 2 . O A P IS S
Y F/F, BEETXIEAL(P <0.05) , ik
PSRBT ik FE 425 5 R 35 i it ol i 44
f/h.
2.4 BERESH0,.0,.Y, T Vo ELE
FIE B W

7 dJ5  RFATABAIAL 0. 0.V, Vg
WP 3 B . CuZn Cd Al Pb Pt 52 0,
BEMETH (P <0.05), Cu™ W41 0,
{65 ik W 37 200 5 o 5% ik o T L 8 5 v
S o A v T L R v LT 2
(P>0.05). Zn’ ScHotl Q, MGtk i 4 il
v 4T % % 5 (P >0.05) (AL 1%
TR KL (P <0.05), Cd™* S5l h Q,
B R W 3 20 5 o 5% il T3 4 8 5 v
S, o R i e L I e LT 2
(P>0.05). Pb”* S:ti] Q, IR
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]
R s I
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0.125¢

0.100}

. 0.075}
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0.050
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R i e e i ©
v ©

[

L
e

i = B | R
Cu Zn Cd Pb
(c)

BRI R E 2R (P>0.05) , HIBEKT
R AL (P <0.05) o Cu.Zn ,Cd F1 Pb Jfid
JE R Q, B Cd*" Ah3 IR T AL (P <
0.05) ., 7 Cu®* SLEGA & Q, Wil vk 2 11
BRI/, o R R FE L e /N, Zn® (Cd™* A
Ph** S Q, e H T e 2 o VR B A
ZEFAEE . Zn Cd FIPb Pl 5w B Yy S B
YA PESE I, r 5 e J3E 20 0 iy S Tk P A
W Yy BB S TR (P <0.05)  fIRJ5 vk
JE SN IR 22 S A . Cu’ " SE IR 4 RE v
JoHE e R 2 A g PR MR P2 G % 25 57 0 Zn (Cd
1 Ph JPRIE G 97 55 Y e 2 5T 0 R B AROB LR IR,
Cu®* il Zn®" SEHR 2 w7 55 3 A FRHRE FIA 2
FRF(P<0.05), Cd*" FIGLH 7L Y FE PR
PR TR 2R o O VR R A I W 2 S PBYT K
T2 W Y g IR G 2 D v o k2 I
REER.

X84 Control group

Of&FAEIRE Low mass concentration

= FFREWRE Medium mass concentration
BHEFAEWKE High mass concentration

ay a ag a
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P o
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Cu Zn
(b)
uXiH84 Control group
O&FREIRE Low mass concentration
w PR EWRE Medium mass concentration
L6 B EREKEE High mass concentration

o

AT IIAII I
)

(@

R JH Duncan [RIAZ E HLE, AR R FREE FOR AL ZE S AR (P >0.05) , Al P ik FoR gl 22 5+ B3 (P <0.05) ¢

Duncan’ s method was used for multiple comparisons, the same letters indicated no significant difference between groups( P >0.05), while

different letters indicated significant difference between groups( P <0.05).
B3 ARESEABAEEQ,.0,.Y,H Vo Ik

Fig.3 0,, 0., Y, and Yy, of V. natans in different treatment groups of heavy mental
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CA BT LW, KRR AL AT i K
R BB R TR, I AT IOK R i T 4
J& A E B IR R A T YK R B R A1
A BB R R 0l 2 R 7K AR AR PR K A
FEEBAMUASE R kGG, i A = WAS
ORI HFE T A ALl R R P He
A Cd (IR CRE Ty, & B 180 d Cd R R Al ik
96.8% , SIVACI 217 g e Cd>* b vk i
64 mg/L B W UK RE T B K (90% ) o TRARTL
LU LA AR SR AN R F i R R e R X Cd
EBRBCRAR], BT W BN 15 wg/L B 35 d KR
N[ E 92% o i RN HE 4 A A AR Y I IR
P ] 2 R 0 DU 2 S R R W B L — R
HAWRBMR R, ABFSE & 8 H X Ca®" |
Zn®* (Cd*" 1 Pb** 54 AR AF I W O, AR S
EIG BT R BE 25,7 d W EBRE R 29.20% ~
45.00% ,v] Wy B RBRE AR R ) ik,
XFZn IR TE 4 PSR P RE, A BR
KR EMIAK IR Cu Cd \Zn P, fij # & BRLA
JT AR AR TR, 7 RO T A R SRR AR B
SR 5 EUIRAR K Zn  Cu \Pb (Cd, S AT
5, TESE I T vk B Y N A R SRRk th L R
A8 71 I T 4 i o VR 8 T v T B

T4 ) IR T P UK A B 2 BR AR
HABREM . TIESE AE Cu FI Zn [P %) 35
A B AR RR RIS P B, 9 R A R T
JEWE T B BSR4 B AR LR AR, AR SE I
% PR, PG SR e B TR 4 R AR AR 0
Pb” " J iR 10 mg/ L it K BR2TE 45% LU |,
aok v B R B R O R WSSO R AR, R
A, 3k i T 4 S 23 52 ) K AR R ) 1 AR B RN o
P AnBS AR N AR A B2 i, B0 A A
FEFAARR 2 T T AR v T G R L R Ak
RTBEMIERE, mE R E SRS K EM
RN E L, FHEY A K Z R, 5 80RO 2
2o PRI, R A8 52 T 4 I e 3 Vs e K A%
S AIAT AR T Y™ R KR AN E

MR R a FItSR R b BROGRER Lo b e
) F LR THYOCEEHLAT D, 7K
R BE A T, Cu F1 Zn AbFRYIEE €, 5 %tR
AL BT, {H Cd fil Pb ZbBRA C) 7 & 8 K
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TR, T RE /& Cu 1 Zn A F| FAE Y I 2%
ZHM . Cu Fl Zn R EELLR C, #0 C,
T SXT A TR 25 5 (H )2 Cd 1 Pb G &
WAL C, A1 Cy 5 5 0 F KT X0 BEAL, Ut AAIG ot
VKRBT Cu Fl Zn X35 H 2 2R (2 I F Cd
A Pb, Cu Fl Zn BHEYERKETEHTMEZEILR,
In i8S 5M R M. 4R &l
M- R A RS , N TR 2 A . e
EERME T, e R ST FEgEM 7 A8,
SRS AR S5 7 32 B — e i, R EOE RO A AE
FHRE S TR, XN SEMST Zn XHHLYI S K 52 0H
WA S A — B L 1

M4 R0 EE TG W & PR K, 4t
R USCA KA 240 M 3 7 A8 3, AT AE M AF 58 A []
WA T G ER A S8R, B/ T
PR G, FECGE FE GRS,
Hek i 748 PS 1 AIAE A 930535 W3 i 45 7 ,
HF/F, R PS TR Hoc i g A R, A3k
T EVERIRE T RN, 8 32 a0 Bz 3 T
Y, Cd BB s C/C, BE T, C/C,
AR /NGB R IS AL, AT AR R A R B 4 )R
HORTEN S8z — ABFRLE C,.C, Al
Cy TEWTHZ R 4 FhEE 4 @ B 1 = W B Wi 5 34
TR UL EE 4 R W28 v R ek e o 4%
B & AR, 5 C, fHH, C, T g5
K, U B 4 S il an B RURR, X €, A R F
BRI HIE

AT, 28] Cu il S5 F/F, 50
WL TC B 35 25 5%, UL Cu P30 X3 6 & 46
BEJTRZMR A /N B, 20 A g o R AT i 1 B
WA F/F, K BEFERT K. Zn R0, 2
FOF /F, AN, 1 B Bz B A 5 PS I ATy AT
iz e, Cd 1 Pb [P J5 755 F /F, F1 F /F,
Y B3 R, W Cd Al Ph il 7 8 B4 R
YER . IR, B4 8 B TSt a £ LR
TRVERT W 2% HL A% 3, DT Dk 20 L —F 50 17 [
LGB F/F, THRY ., slkERSER 76
ST RGO, 5 =g, T Bt
VS B F /Fy, Ca 1 Zn R P7E PS 1T 61,
AT Zn B S5 F/Fy Y500, U] Zn XK
fif g FA) 2 W) 8, X 5 77 P AH SR AF 5 245 SRS,
Cd 1 Pb X7 B ISR R 15 B 7 MRIVERT, 280 PS
11 153 1 PR A, S A A R T, B Am
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YEA®EF Cu Fl Zn,

WY BB F, 5 PS I RUAM L R %
JIE VT AL FEREAR G FIR S TN S R A R
5, Ml Too6 . ARFFE 3 52 5] Cu
M Zn Bid G Fo 53 R4 I02 5, TRESE N 1
[ 5 A AF 3R EE . Ph )G F, [AIREJG 3 22
S ABAE Cd Wrid )5 3 5 Fy B, o) REJE 4 A
TCE S 0 R R T A A TR e A s
K25 AL Cu Zn Fl Ph X35 55 F, A 52 00 A X
fiKF Cd,

Q, SR 26 F Ak 2 g i g 112
WHZE 4 MESEMEE 0, TR, BT
Xof HEZEL, 156 I B AT D3 BB o o 7k 2 B, 0 5
PS I H F & 3 16 P, 2 e B H 6 8%, A
MRS TR AR, 0, LTI Y TG )5 8h
H IR AR LS, AN S HABESE P2 3
MG Q, WA N M, al GBI ka6 fifi 1575 5
efr RGXTINA RN Z i, R s R &
Bl , R 815 Q, MHICTER, IR F
P HF5E

AR TR (Y ) 2R PS TR e B
ok ARG A A o e 2 B 4R i ia
JEWE Y, LI X ATRe R E AR MG 7oA
AL R, ARG SR8 1Al Vg SLBOG AR
PHER, BN HUR T Z k4T B R AR, 52 IR 5T Wy
BT o ARSI R R AR Vi
KR TEE, FTRE RO I R G2 B E R AR
PEF I8 AT RE AR T 57 B b8 S5 0 580 1) 4
PRWES AT R R G
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Study on heavy metal removal efficiency and chlorophyll fluorescence
response of Vallisneria natans

HOU Ruidan', PENG Ziran'*, HE Wenhui'*”, HE Peimin'"
(1. School of Marine Ecology and Environment, Shanghai Ocean University, Shanghai 201306, China; 2. Water Environment
and Ecology Engineering Research Center of Shanghai Institution Higher Education, Shanghai 201306, China; 3. Shanghai

River Lake Biological Chain Construction and Resource Utilization Engineering Technology Research Center, Shanghai 200433,
China)

Abstract; After comparing the removal effect of Vallisneria natans on Cu**, Zn’", Cd**, Pb’", and the

’

responses of chlorophyll fluorescence parameters at low, medium and high concentration levels, our results

" and

showed that: (1) Among the four heavy metals, Vallisneria natans has the best removal effect on Cu’
the highest absorption of Zn’>*. The maximum absorption of Cu’*, Zn>*  Cd>* and Pb>* by bitter grass were
4.21, 25.3, 0.231 and 0. 509 wg/g respectively, the attenuation ratio of the medium mass concentration
group of Cu’" was the highest (47.33% ) ,and that of the low mass concentration group of Zn>* , Cd** | Pb**
was the highest (33.13% , 29.2% , 45.7% ) ; (2) Under heavy metal stress, the chlorophyll a content of
Vallisneria natans in the Cu®* and Zn’* high mass concentration groups decreased less than that in the Cd**
and Pb>* high mass concentration groups, and the order of the decrease in chlorophyll b content was Zn** >
Cu®* >Cd** >Pb’", and the high mass concentration group decreased significantly. (3) The maximum
photochemical efficiency ( F,/F, ) and potential photochemical efficiency ( F,/F,) of Vallisneria natans
increased in different degrees under Cu’* and Zn’" stress, but decreased significantly under Cd*>* and Ph**
stress. The photochemical quenching coefficient () , non-photochemical quenching efficiency (Q,) and the
quantum yield of regulatory energy dissipation ( Yy,,) all decreased with the increase of heavy metal mass

2 2 2 2 .
T, Cu"", Cd°", Pb"" mass concentration groups decreased
b b b

concentration, in which the decrease of () in Zn
in turn, while the effective quantum yield (Y, ) increased with the increase of heavy metal mass
concentration. In general, Vallisneria natans is more suitable for removing Cu>* and Zn’* in water. The
research results may lay a foundation for the ecological restoration of heavy metal polluted rivers.

Key words: heavy metals; Vallisneria natans; removal; chlorophyll; fluorescence parameters
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