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Alleviating effect of two clay minerals toward cadmium
treated Myriophyllum verticillatum

CHEN Qi ZHU Runliang™™ GE Fei' LI Feng' ZENG Chun'

(1. School of Environment and Resource,Xiangtan University, Xiangtan, 411105, China;

2. Guangzhou Institute of Geochemistry, Chinese Academy of Sciences, Guangzhou, 510640, China)

Abstract: In this work, we attempted to alleviate the toxicity of Cd ( Il ) toward aquatic plant
Myriophyllum verticillatum using clay minerals. In the aquatic systems containing both Cd( I ) and
Myriophyllum verticillatum, ‘the.. biomass, chlorophyll, soluble protein and malondialdehyde of
Myriophyllum verticillatum with or without the addition of bentonite and sepiolite were examined. The
results showed that Cd (. Il ) induceal significant damage to the photosynthetic systems, membrane
systems ,and proteins of Myriophyllum verticillatum. On the other hand , with the addition of bentonite
and sepiolite, the concentration of Cd( I ) was evidently reduced through the adsorption onto the
clay minerals. As a result,the damage of Cd( Il ) toward the chloroplast and membrane peroxidation
was alleviated. Our results also showed that sepiolite was more effective than bentonite in alleviating
the toxicity effect of Cd( Il ) toward Myriophyllum verticillatum.

Keywords : Myriophyllum verticillatum, cadmium, sepiolite, bentonite, alleviating effect.
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1 #ES I ( Materials and methods)

1.1 SEEG AR K57

MRS T 2015 4F 6 H R H 11 ma 8 V5L 2 AT ot b 55 7 56 Hb . AELAY R B e B SR oK b 2 1T A
Y, 585 BT OISR ET H A SR K5 5% 2 A H A A HUFmR AT E G, O K — B0 AL (29 12 em)
T2l 1Y Hoagland 552 94k 7 d. 3256 Fr A B2 022k F N S8 16 IX R85 3L 080 + , XRD )4
ST R B IAE AT Y & 5T 95% , BHE 73830 455 4 1.08 mmol - ¢~ VLA 1 18 e R R VR A Vi
WA HR R A BRA 7.5 Y 40 Fr 4l CdCL Be il A& 37 (WL 1) Cd IR AY pH ¥ FH NaOH
FIHCL I Z 6,0t pH EHAE T, W0 H ) Cd 2L G BIERAFTE.

*& 1 Hoagland & FFIK

Table 1 /Hoagland’s nutrient solution

REEFY) B Wz (e S=E2lin Wz
Macronutrients Concentration/ ( mmol - L") Micronutrients Concentration/ ( wmol - L")
KNO, 4.0 H;BO; 46.0
Ca(NO;); - H,0 6.0 MnSO, - H,0 9.0
NH, H, PO, 1.0 ZnS0, + H,0 0.76
MgSO, - 7H,0 2.0 CuS0O, - 5H,0 0.32
_ _ H,MoO, 0.11
— — NaFeDTPA 85.0

1.2 SEEkit

SIS IR T Ab B

(1) %5 F14H : Hoagland & FEK.

(2)“Cd” SE5:4H .5.10 .15 .20 .25 .30 mg-L™' Cd 1Y Hoagland & FEK.

(3) “Cd+d + 528 4H .5 .10 15,20 .25 .30 mg-L™" Cd ¥ Hoagland %5 35 +5 g I +.

(4) “ Cd+fEIL A" 25020 -5 .10,15,20,25 30 mg-L™" Cd 1Y Hoagland *EF:+5 g LA

(5) 47Kk % :5.10,15.20 .25 30 mg-L™" Cd MIZEIEK+5 g i+ (1) .

(6) BFWIAZ 5.10.15.20 .25 30 mg-L™" Cd HIEFRI+S o B+ (A7) .

VERCINL 5 A A HE RS SMEARRL (B4 i R B9 KN AR B B ZE AR A0 45 ) iR R, 20 B 2 4
it BB (1) —(4) S EIEL T, B FREL A 3 MRAEIVE AT R4 JH 2 ) U — 6 B
H B AT A SR PRI A2
1.3 WRAHEs S ik
1.3.1 S FRIRR & R

PEAE R I T2 57 0I5 FH A R 7K ol 2 W B0 P AR 29 T 10 4% 5, P FH 28R K o gk 2—3 Wk DB 4G
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1.3.2 MR EEHNE

ZRASCHR[ 9] 73 BN JE/K T4 2:1 AR ER B il i O TE R AR B 0.1 o I B e,
TR AT R 6 h, HEMN F 2228 H R 72 N B 0BT E B K 7E 645 nm F1 663 nm
Ab AR B, B Arnon BSR4 K A
1.3.3  AlEPEE I E

ZROCER[ 10 5%, AR IS B AR 1, ARIS PR M 2R PRI 0.1 g W B R, i 2 mLL Z80%
IR B0 B EIEWOINA 5 mL % D352 G-250 W, iCE 2 min JEAEDPK 595 nm R H ot
B IR bRt RIS R A B
1.3.4 N R E

Fe FBRAR L L 2008 L i 79— BRI 0.1 g I BTRE, A T mL10% 1 =5 2 FR e, BF
JE B0 H BT BOMAE] 2 mL 1% 0.5% B96RAC I L Z-FRIAW H , 7E 90 °C T In#k 30 min 88 5 L v A1
B0 BRI K 450,532,600 nm R E O
1.3.5 Cd il E

SKHH AR 5 HE F AA6300C JEF W W4 6 6 BE T H A7 I E T Cd AU MREE"™, Cd A9 i PR
90.001 mg-L™".

2 5 59718 (Results and discussion)

2.1 W

A T AT, < Cd ™ S 06 2H RS 38 114 Ak v R i T B G ViR B 1) T R TR 2D, 2 Ak B R R 3k #
15 mg- L' A E 2T IR T34, 30 mg- L' B, B4R 43R AE T, “ Cd+ I - L 4l ih T LA
I 388 1) Ak v R T4 1 1 Cd ™ SE G (R AHZE SRR, Cd AR BEVE R 30 mg - L™ B, ok g 1 e
LGN T 16.18% F1 34.76% . Cd-+iE0AT” S S H PR e i ik ey | B o I SO0 TR 2, > Cd RN
30 mg- L' i, AR 38 A Ak 5 A F 4 0l 2 CAT SER 2 Y 5.4 51 6.07 £ 5 525 FHALAH EE , Ak =5 e J )
W T 4.06%F 4.94%.
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Fig.1 Effect of clay minerals on the biomass of Myriophyllum verticillatum under Cd** stress
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A 2 AL Cd” SCE A P SR R S A Cd MR T T BRI, 24 Cd W EEN 30 mg - L7 B, 1
SRR 0.93 mg-g!, G AR AL T 60.04%. « Cd+ iz + 7 S8 20 IR Al Sk R g
U Cd” LA, 2 Cd WREE N 30 mg- LB, P28 2 & i 4 1 10.80%. AR LA 78— R
AR T Cd XTERIRZE BN  (HRCR A AR B3, Cd YREE R 5 mg- L™ IR A 42 25 1 5 WLATH R A8 2
SZE| T E AR

“Cd+ELAr” SEB2H TR BE R 4R 3R A f B 0 3 T RTAE. * Cd WREEAE 0—15 mg- 7B U Bt
SRFEN S RIS UL BT A AR ATR B2 3 1) B BN SZ AR B Cd Bk F) 5 5 24
Cd WERT 15 mg-L7' i, BARMR R () S Cd W BT R AR, {0 Cd e 30 mg- L' I 59R B
T Cd” SRR S mg- L A ER R i, A2 Cd 7 SCIR AR R AL PR T 19 2.04 1%, 525 AAUM HE, SO
DT 17.76% X UEHITE RV B Cd INA T IEEA S REAR KRR L3Iy Cd XA S R 5 B 5.

2.3 FIHEMHEASE

VA AR TG R A A A T A T A M A B E AR MR B Y Cd BB S A W Al
i A — 6 S HU A S AR A B S AR, AR X R 5 E LT AH RS Cd HBE R T, AR ¢
B BUER T8 40 M2 A5 405 , DA T 40 1 i 2 1 O

FEL 3, “Cd” SCER 2 T 0, IR FE Y Cd R ff T s M 2 1 9 & s ol fH 2 Cd YR B & T
5 mg- LA, AT TR R (A0 & i 2R R R 3 30 me- LA, H S RO A5 I 41 9.28.64% . “ CA+ il £
SCH A AR R A AR A S Cd T B, R R SR RS AR AN R (R ] PR R A A
LT Cd™ SE 4 304 BT I d WA R 0 = A4 A R A2 4 2 1 5 046 13 (U Cd W28 11 53 6 1 Ry 40 il £
) B Cd ¥R BE R st 25 Y A9 A S22 B B (. i 4 il

FE CA+IRHLA” S A AR R AR A R S A LB E 25 BN A B A
ZF| Cd 2 (2 Cd ALBEVREE = T 10 mg- LB, S BN & T 25 O B4, 30 mg- L' Cd Zb#E T,
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Fig.2 Effect of clay minerals on the chlorophyll Fig.3 Effect of clay minerals on the soluble protein
content of Myriophyllum verticillatum under Cd*" stress content of Myriophyllum verticillatum under Cd*" stress

24 W _E&E

VN TS A ) 20 LRSS v Z2 AR R I TR 114 43 ik ™= 0, 2 0 A o e A A AR B AR B S
T2 14 5 Rt e, LA R A 40 o T b o, Az 1 7 bl e

HE 4« Cd” e CA+IgiE L7 SCYR A v 1 BlE Cd AR BRVR FE 3G I, I8 i & & T e, A 1Y
JES i e SR A S N A . 2 Cd YRR 30 mg - L7 ASF, P T A i 40l & 28.45 nmol -g ' (26,96 nmol -g”' 5
2 HAM I T 54.53% 46.49% . GBI LR INATE—E R AR TN B & &, 4% T Cd
XTHE A LB () 15 3 (HABCRIFAS AR B 2, 525 I 2R LU AR ) 1Y) 2ok S0 S I AR SR AR i T YA A 1)
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AP T Cd XA AR 0 . SRR T 20 mg- L7 I, N RER & T S LA, BRI
AVREEZ T AP I ARSI T A 52 BB 0 A5 3 24 Cd MRS 30 mg- LTI, 528 AR FO I 1A %
AN T 2.97% , X LIRS Cd WIEE T LA RERE Cd XA 40 R ) 40 3 e BIARAT.
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Fig.4 Effect of clay minerals on the malondialdehyde content of Myriophyllum verticillatum under/Cd** stress

2.5 WWh Cd R EE

FESK AR Z (T Sa) v, B D A % Cd 2 RE A AR 4 1928 BR AR, Y Cd b0 BE Tk BE
30 mg- L™, EAFIA W Cd AOMIE 43510 1.8 mg-L™" 2.1 mg- L7, SFREHIEBRZE A 95.0%F1 90.0% ; 7E
hoagland ¥ R A R (& Sb) H, BZE £ %5 Cd i W B 32 21 1 ™ 51 s, 7BV Cd R N
23.8 mg- L™, KERFBAUN 20.67% , Mk A X Cd 1YW AR IR A KA, LR FhREIA £ 80.0%.
X B N A A IR BRI AN (], 0 %ok i 4 SR A R B R B S MR hoagland 5 3R IR
TSP B T e A BE A, B T Cd ZERE I - LAY BE, (75 Cd DLES F A TE AL A7 AE TV . i
VR X 4 O BB T S S Y I KR Si—O0—Si BT S I R IR I B4 4 Si—OH
e E AR A KA ER  IrE Fra e E AT Nt Wi a Xt od M2 e B P FiE
AN L KRR  Cd BRBE B % i 7E v
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Fig.5 Effect of clay mineral on content of Cd** in solution

3 78 ( Conclusion)

TR Cd A B A2 L A7 B T A5 MR LB /18, Cd ¥R B R 30 mg - L™ A 4li7K 7R 2R v, B0 4 i
TEA X Cd 2 BRRIIREIRE] 90.0% A6 TR R i, B 1 X5 Cd 19 W B 32 21 ™ F A i, 25 Bk
12K 20.67% , T HEHLAT X Cd (192 18 AT A 3 80.0% . A + R A7 5% Cd WA 1E 75 35 1 g
ARIA, 2 Cd A FRVER B /N T 15 mg- LB g + HBETE — e R Rt Cd X e 5% | a1 1)
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TINANIRE LAY IE H AR K Y Cd ABVR R 30 mg- LB, W04 +Cd ™ SE 2 h IR e 1 A A A v A
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