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Abstract ; With the rapid development of economy, heavy metals have been widely used in industry and life due to
their unique properties. This also results in seriously environmental pollution. The heavy metal pollution in water is
a serious threat not only to the growth and reproduction of aquatic organisms, but also to human health. Therefore,
heavy metal pollution possess the potential risk of ecological and health. In this paper, the ecotoxicological effect of
heavy metals on aquatic plants, animals and microorganisms, and the tolerance mechanisms of aquatic organisms to
heavy metals are reviewed. In addition, the research emphasis and direction of aquatic ecological toxicity effects of
heavy metals were also discussed.
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Table 1 The damage of heavy metals on aquatic plants
TR FNE L7 REERL 27 3CHik
The species of heavy metal Species Toxic effects References
BRI Z B MR E 1R
INEREE S0 ; A4
Cd.Cu o , [14]
Chlorella sp. Retard metabolism, inhibit photosynthesis,
induce oxidative stress, induce membrane damage
M3 % 1 553
Cr [15]
Salvinia natans Attenuated respiration
IKTRE SR ARG AT TR 1E % A=A
Pb.Cd [16]
Eichhornia crassipes Influence transpiration, inhibit the normal reproduction
JBRR s AT B Bl il MR A T
HIE Remove root, induce individual separation or dispersion,
Zn Pb Cr . ) [17]
Spriodela polyrrhiz reduce chlorophyll content
5IHET Induce death
JMHHI A K 42K Inhibit the growth rate
4R Z a b LIS DR TR
R 3
. . . Decrease the content of chlorophyll a, b and carotene [18]
Hg Eichhornia crassipes )
RAPD %545 77 =i %
Change the binding mode of RAPD
o Wi WA L2535 AL o1
Lemna minor Reduce mitosis, reduce the number of cells
TN FEOH U
Cd.Pb [20]
Lemna minor Induce the change of ultrastructure
INERE 1B A
Cu, Cd [21]
Chlorella sp. Induce membrane damage
A% Hydrilla verticillata E DNA 4514
Cd Hg . [22]
4 F Ceratophyllum demersum L. Change the structure of DNA
MR R 14
Destroy the energy transfer
SR BRI
EER P ) _ o
Cu ) Influence the synthesis of proteins and nucleic acid [23]
Scenedesmus obliquus ) N - - .
FEOLERCE TR R S AN T R
Induce the decrease of photosynthetic efficiency, electron transport
rate, chlorophyll content, cell density
B SlEA YT R
Cd.Cu . - ) [24]
Hydrilla verticillata Induce the decrease of biomass
MOLIRES ) e ek 1]
A B M Inhibit the chlorophyll fluorescence 25]
s
Scenedesmus obliquus SEOLEE a SRR,
Induce the decrease of chlorophyll-a content
e AT PR3 D P A S I e 45 FIU AR
. Reduce the activity of nitrate reductase and glutamine synthetase
HLBE A R 3 2 e
cd FECE SRR [26]

Ceratopteris pteridoides

Induce the nutrition imbalance

HAIMFET - Increase mortality
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fiii 7 H (Metallothioneins, MT) ., 1% i & H (Stress pro-
teins) . i1 24 (Stress ethylene) LA M A3 HLAR 8 % 1F
FHAFD2 BRI SZ HL A LA LA
1.2.1 Bréa el AR
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Z A AR, DR IR e A A T | e 1 A LR R ¢
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FEFREE b 0T G2 i A e AR Y
1.2.2 BH kA il B 4 e i ol

— MK AR AT ) Sl AR AW SR R 2R 2K
MLk A AN 2R E A TEARRY R, —
SO 4 BT A] SRR R T b A Ak VROWE I R AR A
B, LA BRI AR X 6 R 8 1 A MRS, DT Jl—
HRAGAI PRI A Y)Y 4w 2 5 di i RE
454G, DAHOR B E FC e A2 BRI 20 B o A A TR
WAERT R BT AR MR B A 1415 . Monteiro
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J R BT 2 A R, At ] 3 2 A A B Y ae 2 E
-COOH ,-OH ,-PO, .-NH, .-SH %20 Ji, T 41 ifs 2 1 f14
T RS 4 P e AR B i R L 25 5
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1.2.3 KA fEFHLSI
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PE g Cd XTAEY R FE S BT, R AR AR 1 A7
HA4 B aa i v 5 7 AR T 2 PCs, AT AT LS &
RINE Z I 4 8 , HN 5 4 g 1 sz Pk, TRl —
0 (0 AN Ti) 4L 20 A 240 it ot T 4 it 1 ML o 22
St WFIT R P, AR AR 40 M T SR S AN R
GSH 5 Cd JE Lz & Wy #EA7 il 25 , M 40 A 32 22 S 4
H i GSH B P& B  R ge itk 17 i 20, A gk
ARESEE T LIAES MTs 1724, vl DI S A
B4R B TR EERE ) . Kumar W58 K IAE—
e SIVINEEY S0 BN iR s SR L7/ N
ﬁ’z\}% % ? AS3+ R Ni2+ . Cd2+ . Ag+ . Bi3+ R Pb2+ . Zn2+ R
Cu® | Hg*" Au” 0] LIS MT 194 %, MT A L%
G E A B IC R T MU S, DA e 2 2 L PN R
RUKAMSEEE T, BRMFEMWHEB,
1.2.4  HAbAREEALE]

IR AEAE % EE 4 e 1) i 2 ML ) B A A A At
() — LA AL, EARHLE DL 3 2,
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Hg .Pb Cd As AT IR &G40 T 7= A 4 il /B FH S,
B4 kRS , B4R v S8 e Y T Re ek,
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A SRR S AL (R-SH AESFIL 455 | 38 5
SR — AR B A B s AT SRR O T AR |
BT R IR R P2 L o B 45 G, TR 4l i 4
F R a5 BT i , S BN A 0 252 2] 40
N At O M A0 50 % 5 7T 5 DNA b 3 4 A
FRIEE LSS A I AR R, Ea)E
Xt IRl A B ) 1) T s S WA 3 ) 2R 0 2R O A
PR MR R O AR v I S Al A AR S e
4%, Houba S5\ KESL 20 T (9 P E 2% B 5 Cd 26
B RE AP DIAE
2.2 JKAEBICE IR TR G R A TR A2 HIL
IR By (Un 25 28 A SRR B A ) 45 1
KA AR TR G 5 Y PR SR8 A e rp 2 A
—E B A2 ALY, LA R 8 /0 32 5 4 R 2 1 B 75

Fo BUEY— BT A AT | F2shis k|
TEANML PN PR R R A 1 A0 B A S A 2 | BRI
RAYPEEE 6 Flhd A2 R 42 v H X 52 4 Jm AT )
PR G A AR AR A b i LT T 5K
TN g B < A AR 52 1 < A 0 B A A PR RE ol T
EEZ I RCR e e e SR S il ivh
EH ST ARG i XA 2 < 7 A I AR
G R B BRI, A B IR 32 298473 ; ik
A=Yy el e i 3 5 Wl MERRAE I RUE MG 6
JEHREAE ] Gl M 04 15 3l 45 A AR PR B A o P i
P P 25 R A (o B < AR A T Sl AT S R T B A 2 1]
FRAL A A = 2 W, a1 B 20 R
MR METREE Ry Tl S BB B 455, T
[ E A R Y SR XK AR R E W s A A
SRR AN R G S T XU E M A R
RONANIF] . Blhn, A HFE R A AESZ Cr Ni Cu Zn H
EIETTRKA, A AL (AOB) A K SEFH YA il
111 2 A AL T R (AOA)E Ni Zn fifria T AIfie it 17K

R2 KEEYNESEHNBEIS

Table 2 The detoxification mechanisms of aquatic plants to heavy metals

FeAl fifEE R R
Species Detoxification mechanism Source
{55 A AL HEAR T TR AR TR T SIS A SRR ARG, LIRS A CRYAAPREDT ;

Signal biochemical

The protein, calcium, reactive oxygen and nitric oxide as a molecular signal activate the body's own de- [40]

mechanism fense system.
5% Ubiquitin ,Dnal-like 5 11 JLT U &5 & H 2B 00 BE B 1 5 & I 2R 1 0 M BE 28 11
W E N AACEE T B-1 AR F A BE R A 8, DURCR TS R PE A 8 11 T [13,4142]
Stress proteins Induce the gene expression of Ubiquitin, dnaJ-like protein, chitinase, the cell wall protein packed with glycine ’
and proline, pathogenesis related protein, -1 and heat shock protein, etc to eliminate the denatured protein.
211 iR 2 1 A4 T i 3 ] (A1-COOH ,-OH ,-PO, ,-NH,, .-SH ,-P,0;)1] 5 Cd*" Pb** 'Hg®" [Fe’" Mn”" %
Iy A e A A TR B T (R B T A M R TR, L IR R e S T LA AR M B 4 5 (3]
The adsorption function of The surface of cell wall with function groups (-COOH, -OH, -PO,, -NH,, -SH, -P, O;) combined with
function groups Cd**, Pb>", Hg>", Fe*", Mn*", etc, which can be adsorbed on the surface of cell wall to reduce the damage
to other tissues.
20 M RE ) T AR VR P U Ty SR B SR R AR T AL fE D), o mT DAAR T (Y 45 A /K 4
AR Ay T )
o RIS EE T DU R IROK A A R e B T R
The electrostatic interaction [43-44]
Cell wall use the electrostatic interaction force (van der waals force, covalent bonding, oxidation-reduction,
force of cell wall
biomineralization) to combine with metal ions to reduce their concentration.
20 e 2 ) B P ABCER R AR W A0 M A AR e Lok A b il 2 RS 3 1451
Cell encapsulation Metal ions can be encapsulated in chloroplasts ormitochondrial to reduce movement.
FEL A I A OB AR P 2 SN HEAE R BILIA D9 19 65 88 -t (A b
HMEVEH The plant plasma membrane uses the active efflux to remove metal ions from the body. 6]
Exocytosis S I B0 1 R T B AR A A 1) < T R AR

The metal ions were eliminated by way of leaf abscission.
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ATEORIEM IR IR AT I . 5 S5 F 5% 2 W 44l
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(ISREAL, B B R AT | Sk | A BERR G S5 A K A8 A
MER , RIS AECo e DX 5 1 B S 7 200 i 0 T
IO ; S PRI IR A5 /R, PRBE VR B ()4 ] REE Ao 5 M)
128 0 R AF DG TS PR ) e T8 5 | S B0 5 # JIR Ji g pf 22
RBEMOIEEE S,
3.1.4  FEEEXIKAESYIR EWIY K00

Kessabi SR R WM Z B4 R s g 5
TCT5 Y i b 75 533 SR S B 0 IEA TR 5T S0 AT, A IRAE
15 Y 1) 1 ol 0 A W TR R A LG T T TS Y b Uy 1Y

et B R R B IE R, Ho& BT Y M7 B W £ 44 T
FIFHE B Cd MEE R BB E S TIER f
1K, iRt AR E 4R Cd (oK w4 nT gk
WEHRIE R4, Witeska S WFFEF W], [ 5 HE
B IRRETET Cd, Cu 15 Y i /K A n] S 80H: B
KT UL B AL AR B BE T . Lourduraj 55 ™ fiff
RPN, E A Jm T A LA R 2 2L 45 A
Y, b6 T 4 R R R R T, B AR
5, Kong™ A58 & B, 4 7E AN [ VR B (R 4 (0.1
04.0.7.1 mg-L")Z#E T, NZHK B0 E] 24 h J5 74k,
R B HEO™ R A il T HL R R & AR R B Cu
W BETH i MG K, e a8 #) 10% ., Bajhoux 46 HF
FRMIETURY P Cd 735 MWIRIG & & 4k i
H 2 8 15 1% 72% HORTE SR
3.1.5  HE4JE XK A S R B

HEEIBIEA KSR NG , B % 2 5% 5
JEA s = SR B AR R s AL ) S 4544
FDIREM U | fe 248 F ™ AR BUR | B SR AR 55
SEAMME, EAaJRE X DNA 4515 FE
BBl R K [ 3= A X eGPk [ 3]
X DNA BEgEAT Iy, i DNA 55 & 4= W7 24, 45 18 2]
WEIRY DNA BE AR RE B S B8 &, ] 25 3 1 5% i
DNA Zfg, 51 &K IEHFEHES . Ahmed™" 40757 &
P 4@ Cr n] % i i L R P AR Fp vk, 4R
S AR [ L TT 8 DNA A8 35 R0 A 0 ok A=
fl2f A4k 3l SR 1 i A | T 95 B IR, G AR A
O, WER TR R L LA K DNA A% R BE 1Y B
FIUNUEE By 24, 1 35t % 15 28R A 1P 32 3OS [m) 2 B ik
WL 4 R T 5 DNA KA 4655175, fff DNA fy
S A O™ T 4 B TS DNA YIS M7 A
JETEPELL A A T 25 A9, X DNA 4544 1
LR E 20 DNA IE# Z #l%, Giaginis S F 5T
KB, Cd™ i B DNA &5 i f b 8-F2 5 19, 1
% DNA B RS P g Zn® | S EmEE P i T2 2k
il DNA &5, [A1#E5 1 DNA #ifi, W5 i
1E MR A A0 Y ) ek T A R Sk L R
LA DNA H PG R P4 ™ gl #2500 % 31
4R Cd* \Pb> Fl Zn®* X YRk AT A 41 i % DNA
P05 ELAT B S 0 R RN R0, 38 5 B AR g
FEUA T 4R T 3 B £ 4 R A P A B A 6 JE A
(U o BUEIA R 2 I MR 2 AR RS AL | FOIR
A OG5 R (AR B 3R 32 1 IR AR 3R e ik
R A 28 2 B AR DG (U ol 7 3R
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F SR AR AR DGR ) 7 sk KT 2 X R
(MR 24 h AR B TR, AN ESR
M AL AR AR 5 B 11 19 3 PR 3R 35 (Bsp20 | Asp70) 7™
A5
3.2 KA S E 4R i 2 ML

KM AEAEZ RSB S T ARmh, —
SEoK A S AT R R 1 B Y 2e A B A AR AR A, 48
%t 4 T Y P DA R 2k, ok &
(Daphnia magna)%% & T =i Zo® T 2 NS,
4y B A A B R AE RIS B2 3 AN IR R R S, 4
HAER A IR O BT, R Z R E LR
TR K A B IR FEk A sh
K —fi B SOD 5 CAT 41 i A ik & %, %
TP EAS R E S A DL, 7T A E
4 ) 5 R A AR PER 07 5 FH A e T BK 5 45 Ik T R AH
KA S 2 TE TR A T DA 2, 76 A i)
BRRACIERT b v B A % EEEH . SOD
RENZ AL A B B 1 H t 34k H,0,, i aT LA
XA HUARA F 1) 3T BR ; CAT Al H, O, 1k
A JEE K H,0 1 0, , [Ff A5 SOD . POD 7= A4: Hp
[GIFE B BRI 2450 F i R Sk s GPx il
¥ H,0,#1k A H,0 A1 0, , LI /> H,0, X4 4UH)
it

KSR NT ZEAEN S BmREN, HT
& E R, e m sk SL st L i siskn] 5
AREE RS TR G RS 18 F e mE T
TS G T RSN TS B, LIt R 35 R
VER , i i 4 s i e VR AR 3 A 0 S B 4P 4
FROT Ay A H Al MT 5P 51 K R 1 45 4
575307, R0 T 85 7% B MT mRNA (91} 25
Fepia R A A MT 76 C R £ AT
PE Cys, LA Al B8 A T HEH 8 4 8 15 4L, KA
SR BT R 2R 58 Kbt B AL AR R G AE KA
SN % 2 4 JE e it 2 B 3 — R G g dEE
Kim &V R B0, H A R RIS K & i T — &
WRE) Ag As . Cd Cu.Zn 48 B 715 KAk,
FLAR N BT A A 2R 58 T A3 R0 | RE 9% 1 1
A B E . Liv P R IR B Ce™ T
SOD ,CAT .GSH-Px 4= K Ml GSH % &, [ i &A%
TGP AU 2 R R R I B A s N, A 27Kk A
S % B T 4 JE W i 2 = B ARSI, 7E
—EFREE AT AR 0 4 JE T A2 1, A A x4k
guEg ) 2R A R Y2 R E 4R Cd R

TIE I A R W XX T2 A R A
JE G R B ARG PR B VE T, Rhee S50 B
FERUPR H A SR BEAR K 88 e i T — € WY Ag,
As.Cd, Cu 5 Je YK, 22175 HAR N GST-sigma
R R, DA 5 % 4 R A 52 I RE T DA L
XF IR IS N RE ST . —SEHEVE DL Y B B A FLOR P
BUHI LA K 45 T B TRl () F5 B Ve, AT BRI o 4 s
FXF K A rp DL A R DT AN R
(heat-shock protein, HSP), ¥% iz #k & H (transferrins,
TF) A& HEAH 5 4 & Whah 1) S22 f 2 ML) 2 — 51
Z AR i) DNA FEIE# AR AT o] LI A
TRIATIE R, LhOR B st A 5 R AR 1, i/ e A
DR 978 MR, (FUE: R P i 4 v 3 ot — S 1Y
Vo) (1 B8 T 4 A 7 A N sk — o Y R I T s
FREIEE TRz, N | LU R R 52722 ; 55 4b
4 i ik Al T4 DNA #0509 1IE % 18 2 i e, 15
DNA Z P55 ANBERE S HE S, AT LA 7 41
LUZ BN, TR, 4R 55 T & Cd™ K IR
Berr #6112 h N, B Cd** e B T o R R R R) ZE 4K
TH AL RE AN HEZH ZUAN AR ) DNA $51 452 B S 18 e #,
{HAE 24 h 14,2 Fh414UH) DNA 450 5 B (0 A A [)
PERE TR, KRB X DNA A —E B2 ik ; 57 96
h, VR BELH AR O A BE TG o, O FLIR]— MR BT
BRZHZUKT- DNA $ 47582 B i T ALt e

4 MRREZE

HARIEA H AR I RE A 1 1 - 18
W -DITE R AL -8 A5 T UK AR R 25 Z 8] Y 2
P A, Fe 2 AT T 25 5 22 MR 25 IS0 i B K
RIS B UK AMERIRTE S F Y, ARG )R
Wl PRI A A A R, LA P m] BE B o sl D58, 4
DURTE /KR A ORE 25 B | 7R /KR A S b ik
iR A e A A P ERRT R T K AR 3 R R
BRI Rk AEAYEFE R - ERE
Ze i e T R R A L R A
A PO B G5 GG B0 B 7 A A5 2 AR Tt
TEIEAZIR T AT R o g X Kk A= A= 2 A TG
A5 A TR T 2 5[] R JR X 7K A A Wy it 32 L
il FORIT S, 0 0 75 B 4 s 175 5 T = SIRIEE

BEE LA RO R, LA R AT K AR 4 )
S TEREABE S AW TR A, R A5 — L8538 K A A=
Wy H 45z Jes )t 52 AL HDRE 2 AN A9 i B 1, JE R
TETE 3R AR K R R T X TIRA T R H &
& BIREE A HIALH L R oK A= W4 BROIR B AT o B8
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