}’bﬁ% Guihaia Oct. 2018, 38(10) : 1382-1390 http://www.guihaia—journal.com

DOI:; 10.11931/ guihaia.gxzw201711015

SIcags . EWese, mdhd:, VIR, S B R TS KR TR s [J]. ) VEkEY, 2018, 38(10) : 1382-1390
WANG XM, GAO PP, SUN XH, et al. Screening of submerged macrophytes for phytoremediation of cadmium-contaminated water in Baiyang-
dian Lake [ J]. Guihaia, 2018, 38(10) . 1382-1390

I EE =3 = £obe SHe s A
&8 Bi¥iEimio 3 KA R T K E Y05 1% i 16
TwxE, gEE, IEE, I o, xXH, B, g
CTLAR O 2 VU 5 SRS R e T 2 P A A B 5203 3L 35 071000 )

 OE. TR BB AEVER (Cd) V5 R KR I UK AE Y W 5 E 2o % AR 43 B T I el
UK Y 2 EE IR 3 4 fa SR X Cd BT 32 1 ST Cd i s SERE RS RE . 25 SRR W (1) it
FEPEMART ST, Cd X A3 IR 4 ¥ M50 4 d-EC,, (CEECMHI ) 43 %14 0.51.,0.81.,0.03.,0.12
mg - L AR SN Cd AT f i, SRk 2, et Cd A TR B 5 DU D UK A BT Cd il K g
531k 27.89 15.28 22.54 32.74 g - kg, W HOXT Cd BB A2 RE ) 5o, SRR Z IR BEXT Cd 1Y B SR B ) i
ik, (2)isd Cd V5 R e s Ao, M IR o A R AR 1y Cd & 45 B R R I AR > i 5 25 (P<
0.05) ; 1 13 ARXT Cd Y& 4R BE 7 43 501 3% R ok 2 98 > 90 5 > 02 98, 91 0 > 2 g > I 2 9 — R DK A 4
Cd WIFRERE 1 MR BN S IR B> B, S BRI b Cd & AR RE 1 34400 , BN M4
EROE A B E FTETE Cd 15 YK IR TUKAEY

KB FHVEVE, DUKIEY), %, TRk, Wik, AR

FE SRS 0948, X824 XHkERIRAD: A X EHS 1000-3142(2018)10-1382-09

Screening of submerged macrophytes for phytoremediation
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Abstract: In order to screen the suitable submerged macrophytes for phytoremediation of cadmium ( Cd)-contaminated
water in Baiyangdian Lake, which is the largest freshwater lake in North China, indoor simulation experiments were con-
ducted to investigate the tolerance of Cd, and accumulation and transportation of Cd from contaminated sediment by four

kinds of submerged macrophytes which were Hydrilla verticillata, Myriophyllum verticillatum , Ceratophyllum demersum
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and Potamogeton crispus. The results were as follows: (1) Results of the toxicity test showed that 4 d-ECy, of Cd for
Hydrilla verticillata, Myriophyllum verticillatum, Ceratophyllum demersum and Potamogeton crispus were 0.51, 0.81,
0.03 and 0.12 mg - L', respectively. The tolerance for Cd from high to low was Myriophyllum verticillatum , Hydrilla ver-
ticillata , Potamogeton crispus and Ceratophyllum demersum. Myriophyllum verticillatum showed the strongest tolerance for
Cd. In addition, the maximal concentrations of Cd for Hydrilla verticillata, Myriophyllum verticillatum, Ceratophyllum
demersum and Potamogeton crispus were 27.89, 15.28, 22.54 and 32.74 g - kg™, respectively. Potamogeton crispus had
the strongest accumulation capability of Cd, followed by Hydrilla verticillata, and Myriophyllum verticillatum had the
lowest. (2) The results of remediation Cd-contaminated sediment by Hydrilla verticillata , Myriophyllum verticillatum and
Potamogeton crispus indicated that accumulation of Cd in roots was significantly higher than that in leaves and stems (P<
0.05) . Furthermore, concentrations of Cd in shoots of submerged plants decreased in order of Hydrilla verticillata > Pot-
amogeton crispus > Myriophyllum verticillatum, while contents of Cd in roots decreased in order of Potamogeton crispus >
Hydrilla verticillata > Myriophyllum verticillatum. Moreover, the transportation capability of Cd from Cd-contaminated
sediment to plants in the pattern of Hydrilla verticillata > Myriophyllum verticillatum > Potamogeton crispus. In summary ,
due to the higher tolerance, accumulation and transportation ability of Cd, Hydrilla verticillata is the most suitable sub-
merged macrophyte for remediation of Cd-contaminated water in Baiyangdian Lake.

Key words: Baiyangdian Lake, submerged macrophytes, cadmium, screening, tolerance, accumulation capability
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WIEKARE SR H ™ E, KR H5E(2006)
REH], HFETE MR AETE  EREFZ D E XM
KR (Cd) FEEm s THEESE, AR
WA IR 52 Cd B (As) Y (Pb) 4 (Cu) J5F
(Zn) FEEJRARRRERTG YL, Hr Cd @in e
B (5~10 mg « k'), KB & BTG Y (B 2%,
2005 ; 14045 ,2013) . Cd 2 TR & 1 4 & T
RZ— 5K IR IGIREE 2 1 B Y4545 38 (Li H et
al,2017; Li LZ et al, 2017) . Pk, e FIVETE K
PRSIV Cd T35 Y [n] B3A 78 JE B

TOKAE Y T 3R AL F KA v AR R 2K g
BIEA W RE, 7l L3 i) DR Jfe Ak o i i s
FEY AL TS Y ), UTKAR P %) T 4 R A AR Y
HER N, HEER e THERUKAEMEY
( Demirezen & Akso,2004; Mazej & Germ,2009 ; i

724 2010) , Xing et al(2013) X A [E o 3 H1 2R
#6224 AMHNA KUK AE Y AT A 25 R R BITTK
TR 4 8 A AR SR 1w R RE T, Horh — 2E 0K
R AT LA Sy E 46 s A 5 AR AE ), A0 R ( Najas
marina) W] IAE RN As . Cd B E E£MY), & 1%
( Ceratophyllum demersum ) 7] LI AE N 4k ( Co) | 4%
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HRIE , 2009 ; Sivaci et al,2008) , HFh i e F 55 11K
25X m 7 A (Peng et al, 2008 ; # 5% 45, 2002 ;
Tr =54, 2016) , TxEH P ) 2= 4007 WA ik
Y 4 R 1B B 5T (R IR SE, 2011 5 3 £
JRA5,2015) o WAk, BT LK AE A R Ak TS U
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1.2.1 #4534 UU/KAE 9 BURE F 8% 35
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FEHR 0~20 em, BUEE KT £ 4258 2 mm i, 25 H
TRFR VKA Y, AR I e A Ak % 1 52 . pH
7.97, B 800 mg - kg, KL 690 mg - kg, A HL
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SPSS19.0 HEAT B Hfm Ak Bl K 2 5 W 25 PG50
1.4.1 EC5, ECg2f8 5| 50% & KRN 1) v
JE o ARSCHR BRI UK AE ) F B K AN Cd
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4d-EC o, fH AR/ Jg I 2 38 > B8 388 > 7 B > 4 fr e | 1)
PR EEXT Cd B it P A i, 4 £ B8 Cd A TR 1 e
22, B Cd i P 55k 0 0 2 38 4d-EC, {8 29 J2 i
PR 55 (1) 4 a8 4d-EC,, (Y 27 1%,
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Table 1 4 d-EC,, of Cd for four kinds of
submerged macrophytes
- PRAEIAREE
Uk HHAVREIE o e
Submerged macrophyte . R
(mg - L")
I 0.51+0.46 0.931
Hydrilla verticillata
IR 0.81+0.85 0.955
Myriophyllum verticillatum
G 0.03+0.01 0.951
Ceratophyllum demersum
JLHE 0.12+0.03 0.994

Potamogeton crispus
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Dose-effects of Cd exposure for 4 d on growth of four kinds of submerged macrophytes
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Fig. 2 Cd accumulation in four kinds submerged

macrophytes exposed to different concentrations of Cd for 4 d
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R R BB SRS PR i, Horp BB A Cd
) S 2 R T MR 3 (P<0.05) , JE3
it FIZEXT Cd 1Y s 5 = 4 ol LR s R AT
7 3.04% ~84.09% 1 19.46% ~94.13%
223 KM R AR THEHK mFE2W]
A, =AU A P e XTI Cd #Y LR
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Note: Different letters indicate significant differences between

concentrations of Cd in different parts of the same plant.

K4 MUK FEERAL Cd W A&
Fig. 4 Cd accumulations in different parts of
three kinds of submerged macrophytes

X Cd I ERBOEIMEER 6.6 i, =MTUKIE
PR XS e b Cd 15 HE RE 1 0 il R Bk T >
BESTUR B, Hrp AR XS Cd 1Y & & REUE IR
RHAMRE 7.21 £, =FhUOKAEYI XS Cd R 17
M b AL iR T D)2 B0 Oy B g S IR e > T
Horh JB¥EXT Cd WIE R REL(TF) 7y 0.79, 423 Cd
A 1Y im P TR R PR UE (TF = 1) ( Berna-
dette et al,2011) , H X} Cd i 2 K = 19 2R 3 2
Xt Cd 3ERS R BURARRY T E Y 3.76 1

3 9tk

AHE ST BE PR S5 R R W, Cd X U AT K A
W1 4d-EC4,fH(0.03~0.81 mg - L) 1t T (b
FEK B i AR 7 ( GB3838-2002) ) V 257K Cd #5
HEFRME 0.01 mg - L' B T AP /K IS H Cd
WeHE(0.18~0.91 pg « L) (FFI0HE, 2011 ; IRFHFHE,
2009) . XUk B PR ITCK AR 90 3 A B 2 A
Ty B IR EKFHB 4T Cd 15 e KR Ty, A ik
FEYIA L, SR Cd WTRPE R , R Cd s
i m, R RIEHBEE Cd 5 QKK Y F,
Min et al (2016) W 5% [FIFE L B, B XT Cd A 1R
58 [14) % SR RE 7 3k R BB R A X 3 45 1) A B )
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Table 2 Bioaccumulation factor ( BCF) and transport
coefficient ( TF) of Cd for three kinds of

submerged macrophyte

w4 R4 BCF

Bk A : _ EBAN
Submerged macrophyte Hb, -8 HLAR TF
Shoot Root

L 0.33x 0.41= 0.79x

Hydrilla verticillata 0.02a 0.01b 0.11a

IR 0.05= 0.14x 0.34=

Myriophyllum verticillatum 0.01c 0.02b 0.01b

FIER 0.21=+ 1.01+ 0.21=

Potamogeton crispus 0.04b 0.12a 0.01b
T AR R AR Y R 4 R T R R % 5 B

(P<0.05) .
Note: Different letters indicate significant differences between
plant BCF and TF.

V75 A 9 PR 37 il 2R 0 109 36 % D10 A O (RS i A
% ,2000) , PRP R R SOD , POD | CAT J&:Hi %
TG A 2R G0 b i 2R B Bl , Cd™ i T, R
A BEE 1 52 B SOD  CAT , APX 3% 14, 384 hin w] v 1
HEEMI IR &2, AL 0, - 1= AR HOR ) X
HEE C =k —E it (S MR %,
2014) , BB 5 (2006 ) ifF 57 3% B A SE 1R P9 A
RS ER K (LN 25.26%) , 1M
P YER T Z W, 28519 -0H H1-CONH, 7]
DL 4 Jm B 1 AT 2% 5 A FH T AR S2F 240 i BE X Cd
IR X Cd By F AR it e, (B Cd Y T
PR 2% AR5 b LI B R AR AR MR (0.5 mg -
L) B e S BB s e BB S, U I i A ) A
TAEE B Cd 5 KK BXF Tk EE/NT 0.5
mg « LY Cd 15 4 /K AR U BA RS B = e 1 .
ARWEGE = A UL B X Cd 75 YL i PR 16 52 4%
BRI, AR AR, =R UK 8 Cd 3 F
BUEARTEMR , Hk o i i 2% | X 5 HA A o 45
—3 . Cardwell et al (2002) %} 8 K F) W B+ 2=
15 YT 15 FlOAS [R) S8 RUAS B (A 48 DK AR )
AR YR P IER R X Cd Zn Cu Pb &
ERE & T | Demirezen & Akso (2004 ) X
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s e b EB Sk Ak Cd V5 4 K &, Bunluesin et
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() AR R BB A, HE BCF O 0.21, M AR %) Cd
B & RECH 1.01, KF 1, BB AR Cd f
R5R = A RE ST, ol L i “ A " kB R Cd
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UE Cd 5 PR IRTTK Y . 75 ZE R, UK
T 7 22 e s K1) 38 0 38 B4 & KI5 Je 1 H 1
A 25 R A T et it K AR R s e (7R T SRR
2015 ; WA 45 ,2016)
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