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Abstract; With the rapid development of society economic and industry and agriculture as well as the
intensification of human activity, alien species, eutrophication mainly caused by nitrogen and
phosphorus, and pollutants including heavy metals and organic matters are threatening water ecological
security, biodiversity, and high-quality development of the national economy in China to different
degrees. Compared with physical and chemical measures with relative high prices, large quantity of
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engineering, and high secondary risk, the bio-ecological method with aquatic plants as the core is highly
favored and widely applied in water ecological restoration. There are many alien-invasive aquatic plant
species in China, and although the invasion degrees of these species are different, their distributions are
relatively concentrated in eastern plain area and Yunnan-Guizhou plateau area. Over the past three
decades, while preventing and controlling alien-invasive aquatic plants, China has explored the functions
and practical applications of Eichhornia crassipes ( Mart.) Solms., Alternanthera philoxeroides ( Mart.)
Griseb., and Pistia stratiotes Linn. , etc. in ecological remediation of polluted water bodies, and has made
some progress, which reveals that alien-invasive aquatic plants have some differences in restoration among
different water bodies and different types of pollutants, and some species exhibit comparative advantages
over native plants; the main mechanisms for removing pollutants from the water bodies include plant
absorption and assimilation, root exudates-rhizosphere microbes interactions, and plant degradation and
volatilization. This article comprehensively reviews the species and geographical distribution of alien-
invasive aquatic plants in China, analyses the effects and mechanisms of typical alien-invasive aquatic
plants such as E. crassipes, A. philoxeroides, and P. stratiotes on restoration of polluted water bodies,
indicates the important research directions for alien-invasive aquatic plants, and suggests that in the
future, when using alien-invasive plants for water ecological remediation, cooperation of prevention and
control, comprehensive utilization of the high-value resource, and popular science education should be
considered.

Key words: alien-invasive aquatic plants in China; eutrophication; heavy metal; organic pollution;
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Table 1 Main alien-invasive aquatic plant species, invasion grade and distribution area in China!!45]

2 Species IGY /34 Distribution area

K& Pistia stratiotes T W&, &R, P, RN R RS, AL, W YR YIPE AR, I, R, W, B SR, R, M,
BV, 4, KL, V9 Fujian, Guangdong, Guangxi, Guizhou, Hainan, Henan, Hubei, Hunan, Jiangsu,
Jiangxi, Shandong, Sichuan, Yunnan, Zhejiang, Shanghai, Chongqing, Hong Kong, Macao, Taiwan, Anhui,
Tianjin, Xizang

KHREE Eichhornia I RREE,ZR, PG, S VR R WAL, IR VTR VIV IR, U R, WO, R R, A s MR,

crassipes &1, AL, BEVE, 1L P8 Fujian, Guangdong, Guangxi, Guizhou, Hainan, Henan, Hubei, Hunan, Jiangsu,
Jiangxi, Shandong, Sichuan, Yunnan, Zhejiang, Shanghai, Chongqing, Hong Kong, Macao, Taiwan, Hebei,
Shaanxi, Shanxi

B RYE T Alternanthera | /=90 R/ SO0 17 ) D 3= DR = [ A 7 A W AW 11 I S 1 D o A B 057 O - -

philoxeroides G, 8 ol 3T, I, BEVE , 1L P, b 5T, Kt Fujian, Guangdong, Guangxi, Guizhou, Hainan,
Henan, Hubei, Hunan, Jiangsu, Jiangxi, Shandong, Sichuan, Yunnan, Zhejiang, Shanghai, Chongqing, Hong
Kong, Macao, Taiwan, Hebei, Anhui, Gansu, Liaoning, Qinghai, Shaanxi, Shanxi, Beijing, Tianjin

HAEKTET Spartina T W&, &R,V MR, LU, IR W, B, R M), B8, 07, K Fujian, Guangdong, Guangxi,

alterniflora

AN B Myriophyllum |

aquaticum
[ 7 2L Brachiaria mutica Il
KK Spartina anglica I

Hainan, Jiangsu, Shandong, Zhejiang, Shanghai, Hong Kong, Macao, Taiwan, Liaoning, Tianjin

R, ARG, W, BV TN, W, =R, VPG, WG, TR, 8 Fujian, Guangdong, Hainan, Hunan,
Taiwan, Jiangsu, Zhejiang, Yunnan, Jiangxi, Hubei, Henan, Anhui

pexely s IR N W s e s ‘i IR A Fujian, Guangdong, Hainan, Hunan, Taiwan, Macao, Hong Kong
TRE TR W VLN, WiV, R), )P, KR, 3L, LW Fujian, Guangdong, Hainan, Jiangsu, Zhejiang,

Macao, Guangxi, Tianjin, Liaoning, Shandong

JKZEEE Elodea densa il|

TR, LR AR, W R, WL, W, YOOR VTR, P, R, R, SN, I, B, i1 T Fujian, Anhui,

Guangdong, Hunan, Hubei, Zhejiang, Jiangsu, Jiangxi, Guangxi, Yunnan, Chongqing, Guizhou, Sichuan,

Taiwan, Liaoning

IR ¥ Elodea canadensis il|

AR, 2 AR R WAL WL VIR VIV, )TV, S, DG, S DU BRVE LY, TR Fujian,

Anhui, Guangdong, Hunan, Hubei, Zhejiang, Jiangsu, Jiangxi, Guangxi, Yunnan, Chongqing, Guizhou,
Sichuan, Shanghai, Shaanxi, Shanxi, Henan

TR, LB AR IR WL W YO OR VTS, VY, m R L, K, BT, B, 63T Fujian, Anhui, Guangdong,
Hunan, Hubei, Zhejiang, Jiangsu, Jiangxi, Guangxi, Yunnan, Chongqing, Taiwan, Shanghai, Beijing

TRE R R, MR, WYL VLI VIV, B, R IR Fujian, Anhui, Guangdong, Hunan, Zhejiang,

ARG, 7195, Wi, ~Fd , &7, RS Hunan, Jiangsu, Zhejiang, Yunnan, Taiwan, Henan

IKJGEEE Cabomba il|

caroliniana

g 9 Kl Hydrocotyle I

verticillata Jiangsu, Jiangxi, Taiwan, Shanghai, Macao
ML Azolla il|
Sfiliculoides

¥eM-#8 Salvinia natans 1

TR TR WL VN, &5 &8s R Fujian, Guangdong, Zhejiang, Jiangsu, Taiwan, Hong Kong, Hainan

VIG: AR%EY Invasion grade. [ . &P A2 Malignant invasion type; Il : ™ H Af22 Serious invasion type; Il . J&#B A {225 Local invasion type.
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AlL )6 Fil, K 25 B SR RIK S FEAE AR )
2R VHIEE EIAE WV VEIR VIV )TV s R Y
Ao A, K EEEAESTM DU BRI T A 4 A,
GHARBEAE SN DU | E3iE BV | L P4 ) g A o)
A7 KERAE GV | AL st A 3 A s e 95 K 2
BRI BEAEAR A AR VL TR B IS A 4
P SEREISEE LB I mg TLVE | B R AT 4y
AT, BRI B T T s T P U0 A 0 AT 5 A 39 V2L A 1)
LI WL = Fg BV M A oA, B DLAE
W) O K A B AR WTIR A SR A
Yy w96 K 32 F0 i 28 4 ( Sagittaria platyphylla
(Engelm.) J. G. Sm.) A HE WMo, R R AR K AR
HEERR PR, T SATE R R e O R e 5l 9 B
AN R 56 R 2 Flt i 280 B S8 B RORANE |
AEFNRRIHFR 53 [ 0 Jg A7 H A, AE et - 26 7 v [
HARPINAA FHY 4 5%, MK B8R T I
AR EI, BT R RZAREETI R,
TSRS RIBCA R IRHE Tt , A S TEA VI T e Xz
Wk ge 2 PR 3 — 2 fin i % e 9 DK 2 A
I ZE A S AR K A A Y KU A5 4

R A1 Sk A=A e F2 B2, B 29 5] T 2003
4F 2010 4F 2014 4F 2016 443 4 #E & A T EAb
RARZY R ) o RUIREE | 2 53 7 FM AL
KRECER 1 AL IR E F5r ITESS 2 RIS 4 it
A, Rgitk— 2L i S0 Wy b A i R X s AR ) 22 b
PhAYE 5 4, 2022 AR [ 3R A T (CE RV BEAR
KA 7Y, IR B 5% 7R B R
REHUKIEFR S FhATE, T HAEK DA TE
e VM DX, X LAY AR TP AR A B AR AN A
VR AR 25 R G5 i R BT P4t bt 1 2 35 /0 L
FATE X SOKAEBEE b I ARWF5E LUXUR 8 =
BT R FIKE B SRSk AR K AR
Tt ZRR HAE K A B B RS

2 R E A AN RNAR A AR A
T RREN E S B R R

2.1 WMEEFUKEHEERR
B ANZTR SR, W AE 8 FR 0 R KRk A

KR, SEOKRE B IR AR KRS =
HBRIEH . SAR TP, Sk AR A
T S A B R AR R B By R
ZERBCRE, C T 2 N TR E IR A KR 1
AR R i T KR TS Yl K A A
AP AR DL B B S 25 5 AR A
{RIKAAEYIN B B B AT — 8 e, B R AY1B
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W - Z BT 5 P RUIR BE RO, B R TRk L,
7K U et DL, FEAS ) 5 8 TR Ak AR op | RUR
U AR R 5 BRR  5 h 18.1% ~ 99.6% Al
23% ~100% , 5 53 F RO B SR B8535
N 14.3% ~89.3% Fl 1.2% ~90.1% , % it 25 bR % 4
51K 50.6% ~94.0% Fl 33% ~ 100% ., X B2 %t R
HR A BT K B, 8 R AR AR ] A DA 7 X
EAFLEBE Y 2Bk (4390 R 73.50% ~ 90. 18% Fl
93.58% ~97.72% ) A T AR §E (7351 Ky 68.45% ~
71.53% 1 85.07% ~ 91. 46% ) . Z& i H 211275 F1 &7
A B T RUIR 3 R R T R TS K 8 A
J R XUHR i % 5 Z0R B Y R BR R BH B 2
KRR 34.15% ~ 47.72% F1 69.58% ~80.15% ,
THRET (N 14% ~ 58% Fl 63.74% ~
75.74%) . FEXLAESEIREGE T KR B | B R E TR
FIIE X T B 77 £ R K v A SR, &2 B 3 P 4 o)
SR B B 25 BR R 0 Ol 18.18% ~ 25.13% FlI
50.69% ~82.51% , Horfr  Xof SR MY 22 B3 o vy AR
PO K B R T KRB, X B A 25 bR
AR KR E R 5 P TR, ALY
AHLE, R T8 S6F RN A Bl Y 2 B R 40l A R
( Hydrilla verticillata (Linn. f.) Royle )ik 5.79 #13.91
ANE SR RS RO A 25 R R (79.5% ~
94.0% ) = T4 0 (Juncus effusus Linn.) (82.9% ~
90.1%) Fl 4 fi1 3 ( Ceratophyllum demersum Linn.)
(62.9% ~96.6%) ), KR 15 %t BB 19 2 B % (37%)
R F I EL ( Potamogeton crispus Linn.) (64%) | 4 fi 3
(47% ) FAT i HR 732 ( Potamogeton wrightii Morong )
(44%) ™ T T B3 (Acorus calamus Linn. ) FIEE
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AR T 7K A5 8 37 A H o (b 3 7K P 855 Joit
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Table 2 Restoration effects of typical alien-invasive aquatic plants on eutrophic water bodies in China®’

ISR (5 ek BE ) S BERER)Y iR
Water body type ( pollutant concentration) L Removal rate (R)? Reference
JRHR W Eichhornia crassipes
S WK Landscape water (0.96 mg - L' TN,0.14 mg - L™ TP) 28 Ryn(81.3%) ,Rpp(64.3%) [24]
A 1575 7K Domestic sewage (36.9 mg - L™' TN,3.5 mg - L™! TP) 28 Ryy(87.3%) ,Rp(93.7%) [24]
BEALL T # #54k 7K Simulated eutrophic water (4,8,15 mg » L™' TN;0.5,1.0,2.0 mg - L™ 30 Rn(50%,77.78%,78.46%) ; [25]
TP) Rop(89.56% ,74.59% ,74.96% )
BB E F2 4k 7K Simulated eutrophic water (3.74,6.22,11.22 mg - L™' TN;0.37,0.39, 42 Ryy(68.45%,71.49%,71.53%); [26]
0.86 mg - L' TP) Ryp(90.11%,85.07% ,91.46% )
R & F51k7K Simulated eutrophic water (20.0 mg + L™ TN, 1.5 mg « L™! TP) 30 Ryy(63.86%-99.67%) , [27]
R1p(92.67%-98.04% )
B E 2 374K Simulated eutrophic water (2.06-20.08 mg + L™' TN,0.14-1.43 315 Ryy(55.82%-86.55%) , [28]
mg - L7 TP) Ryp(76.01%-92.53%)
MR & #51k/K Simulated eutrophic water (4.3 mg - L' TN,0.7 mg - L™ TP) 60  Ryy(67%) ,Ryp(37%) [29]
AL 5 32 1E/K Simulated eutrophic water (1.26-32.01 mg - L™' TN,0.94-4.11 14 R\(97%) ,Rpp(98%) [30]
mg - L' TP)
B 57K Simulated sewage (30,40,80 mg + L™ TN;8,15,25 mg - L™ TP) 15 Ry\(47.72%,34.15%,40.42%) 5 [31]%7%
Rp(70.10% ,80.15% ,69.58% )
FEAI5 K kb BT R 7K Simulated wastewater treatment plant effluent (8 mg - L™' TN, 20 Rn(97.12%) ,Rp(100% ) [32]12
1 mg- L TP)
SR 7158 7K 3 7K AE Water sample from ponds in Tongyang Wetland of Chaohu ( 15.08 36 RNH},\(72.48%) ,Rpp(51%) [33]
mg - L! NHZ—N,3.54 mg - L TP)
& EFREMIK Eutrophic lake water (3.3 mg + L' NH;-N,4.5 mg - L' NO,-N, 12.3 — Ry, (76%) \Ryo, \(86%) [34]
mg - L' TN) Ron(76%)
WS IR E /K Laying duck culture wastewater (12.72 mg - L™' TN,8.86 mg - L' TP) 40 Ryn(21.78%) ,Ryp(23.02%) [35]
rRAEEEFEIE 1K K Chinese soft-shelled turtle aquaculture wastewater (9.34 mg - L™' TN, 140 Rn(75%) ,Rpp(82%) [36]
2.18 mg - L7 TP)
Fk 34K Enclosure fish farming wastewater (1.35 mg - L™' TN,0.267 mg - L™ TP) 35 Ry (18.18%) ,Ryp(82.51%) [37]
B 58T Aliernanthera philoxeroides
3575 7K Domestic sewage (42.4-46.7 mg - L™' TN) 100 Rn(58%) [38]
57K Simulated sewage (30,40,80 mg - L™' TN;8,15,25 mg - L™! TP) 15 Ryy(14.39%,35.68%,33.22%) ;  [31]%°»
Ryp(63.74% ,75.74% ,67.22% )
BEALLI5 7K Simulated sewage (22.4,42.4,62.4 mg + L' TN;1.23,3.23,4.23 mg - L' TP) 60  Ryy(89.3%,88.7%,84.9%) ; [39]
Rop(79.5% ,94.0% ,91.0%)
Rl PR 77 £ 2 7K Enclosure fish farming wastewater (1.40 mg - L' TN,0.29 mg - L™! TP) 35 Ryn(19.12%) ,Ryp(50.69%) [37]
K Pistia stratiotes
ML 5 954k K Simulated eutrophic water (3.74,6.22,11.22 mg - L™! TN;0.37,0.39, 42 Ryy(89.05%,90.18%,73.50%) ;  [26]
0.86 mg - L™ TP) Rp(93.58% ,97.72% ,96.65% )
B R # F24k /K Simulated eutrophic water (2.45,5.34,9.41 mg - L™' TN;0.44,0.84, 21 Ryy(48.63%,61.10%,56.41%) ;  [40]
1.53 mg - L' TP) Ryp(53.83%,62.27%,72.92%)
RS K AL B RE 7K Simulated wastewater treatment plant effluent (8 mg - L™' TN, 5 R (81.41%) ,Rpp(100% ) [32]12
1 mg- L' TP)
ML & F51k/K Simulated eutrophic water (5.0 mg - L' TN,0.4 mg - L™ TP) 35 Ry(1.29%) ,Rp(33.77%) [41]
E B KK Livestock wastewater (42.74 mg - L' NH;—-N,4.368 mg - L™' TP) 8 Rui-n(69.21%) ,Rpp(45.88%)  [42]
3 & 3
WhTBE7K Milk hall wastewater (24.16 mg + L' TN,4.20 mg - L' TP) 31 Ryn(87.07%) ,Ryp(41.49%) [43]
[l B % fa 27K Enclosure fish farming wastewater (1.43 mg - L' TN,0.27 mg - L™' TP) 35 R(25.13%) ,Rp(59.86%) [37]
IKJE . Cabomba caroliniana
R B 351Kk Simulated eutrophic water (4.5 mg + L' TN,0.5 mg - L' TP) 27 Ryn(72.64%) ,Ryp(65.00%) [44]

DTN, &% Total nitrogen; TP 8 Total phosphorus.
2 ¢, BRI AT Duration of culture or observation; —: KAl Not reported.

3 FES A i 3B 55 3 B0 I 3 1a] K A RS TR 35 e W 1) B K 25 B % The percentages in brackets are the maximum removal rates of different

pollutants in the water body during the culture or observation period.
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PUKIREE Z | SCPRAK RN LSRG KR E2, T %55
AL B IRUIR 5 6 S5 W /K R AR 36 75 K R R 2
BRACERAH 2 ( 2B 43900 81.3%F1 87.3%) , 1M X &
B 2 BRACRAEAE R R 25 5 ( S BR4151 R 64.3%
93.7%) . A BEER IR K B, 7E RV BB LR TR
JEA3 9 1.26~32.01 F10.14~4.11 mg - LT,
JRUHR 385 X5 AN [ BLAEL B 3 R A A A P B AL S Y B
LI HK 55% ~97% Fl 76% ~98% , HL X s A 1 £ 4
R Bt LA T W B T o T B AT S AR S A G R R
N 1) 25 R 23R B LA G W T v i T o O S
KR FEBR BB R R 2.45 ~
9.41 f10.44~1.53 mg « LMEBL T, KIEXT 3 Flbifil
B ETHMOK R RA BB LBRR N 48.63% ~
61.10% 1 53.83% ~72.92% , H. K Xf 5 A R WY
FBRFR A LG BT i TESEBRIRA K
A R DR LA B 8 403 T I K AL ROR B AT
AEFR 23 d (R AL 2R T SR R 4 i D 0.81 Al
72.36 mg « L") AT 3R B WA TE KA B ) 5 G W HE L
FRUE) (GB 18918—2002) H —Zt HEMU bR i ( s Ak
ST ERWRE N 3 A 100 mg - L) RUIR %
FH T AL B RS R0 2 KB FERKZE A0 3 40 d, SV
B 43 I 12.72 F11 8.86 mg - L7 K 9.95 Fil
6.82 mg - L', KBRFRAHN 21.78% Fl 23.02%" >,
TR THRALIK AR 56% ~ 97% F 76% ~ 98% %" | #
T T R0 2 Bt o ok 2 0 R AT , JRUHIR S R A 0 1 3% 2
FAEK S, S EOR A BB R BR R AR, 2 AT
W FERE K A A Y AT 15 YK ARG I, R 24 %
RIS A S S
22 WEEEFTRAKEHEERR

Bl At S B M Tl AR HERE IR 5 4 JE 15 4
Bl R ASDTRE AR A T SR HE B B SR K Ak S fi
IKAR R 4 T 5 e KU TH i JaR P K AR 2 2 AR A AR
fERRE >0 AT 20 A0k, HE AR AR K AR R b 24
N A 4 i s e KRB A2 b (B 228500 FHAE RS
Yo W K ) 438 ) Hg \Pb . Cu \Zn As Cd ,Cr FlI
Mn(Z3), M3 3 0L, O WEL IR I5 oK EE
Rt EEE P RIRE ., KR XT Cd 2B
OB B R BT 3K 6.8 ~ 144,017 KUK # 4k
7 d XA HE 15 mg - L7 Cd K4 Cd £
Ry 81.37%)  RUMR W XF Cu A7 B4 10 25 R Ak
R AP 20 d XFHIERVEREE 1 RS mg « L™ Cu KA
Cu 223 91553 70.8% 1 66.5%' , 1E Cd 5

Hoth 438 52 A5 ook AR KR 5% Cu ,Cd 1 Mn #Y
EEFCRLUXT Cd AR (FERECN 6.82) 57
SIS Cu A1 Mn (9 4.1 F12.8 15" ; %F Hg . Pb Cu.Zn
M Cd (S BB ST P ISR Bl (B R BN
257.5) %F Zn Fl Cd BIBCR IR Z (& 48 R B R
165.5 1 144.0) , i X} Hg Fl Cu MR E2ZE (BER
YR 22.7 #117.6) P 5%F Pb Zn Cd Fl Mn 2%
BRACR LI Mn BRCR B AF ( 5BR %R 92.61%) , X%F
Pb YRR IR Z (EBRF N 90.40% ) ,%f Zn I Cd AYRE
T2 (EBR RN 64.21% 1 50.00%) ", 1t
Ab XIS S 3R K B, KR 5 AL B 15 d A B 4
J&I5KH P Cu Fl Cd B—FE & 815 e 1 BB F o
1°4978.5% .96.0% Fi1 98.0% , Tli {E Pb Cu Fl Cd B &
T HXE Ph . Cu 1 Cd (925 B R4 [, 20
2 79.4% 79.5% M 52.0% , AT UL, JRUIR 5 % 5 4 )8 0
HERZEAHESIRMINEm, AN KRR
JEE A 5 ) JRURR 5 X0 52 6 7 4 Vs e KR B SO
75 57 45 I 98 45 R WoR . pH 5.0 Z5FF, X
IR W%t Hg .Pb.Cu Zn I As BB HAAL AW A 15 d,
X Zn B RBRACR me iy, ZBR# Ik 86.3% ; 7E pH 7.0
T, IR EEXT Ph,Cu Zn Fll As Y510 0
15 d,{H Hg 78 8 d SEik B R KB (90.1%) .
I, AERERE RUIR 5 0 &2 & & R 15 oK IRt T8 2
BF, AN EE 2 [ T 4 R A A 2, 3 B2 SRR AR 1 R

¢ 3 38 0] I, KX /K & Hg ,Pb, Cu Zn
Cd A2 Rk SR 5 RUMR 5 AR 240 1 2 2 3 o %
Pb . Cu Zn Fl Cr /)25 BRECR 5 XUR W AF R K1 22
SR N E RE T HEX Ph AR BRAUR (B R
4 59.36% ) #eht-, R RHR W 1% 1.3 %5 1 % Cu Zn  Cr
A R AR W35 25, R BR34300° 21.50% ,25.29%
126.16% , 43 51 R KR #5 79 66. 1% . 58. 3% Fil
53191 SAR MY L, Ab PR 10 d, BT
53¢ A\ # (Canna indica Linn.) X} Pb Cu.Zn il Cr
B EBRBCR A, KR X Cu Zn Al Cr 125555 mg
BTN, X Ph 1 2B FME AL T 35 A AP0,
KR Ab 2 21 d X Cu F1 Cd B BRACR 5 55 4%
( Nelumbo nucifera Gaertn.) 124 {HXF Mn ()25 BRAUR
AR T 22 RUIR 6 % Min 119 55 42 R B0 g 24 1Y
38.9% ), HRIET RN Ph B E FERCR (FERK
M 35.1 ~94.8) ok T 18 B ¥ ( Commelina communis
Linn.) (FHERECH 34.0~76.0) % | AKJFEXT Cu B
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BENBENEEEN,0.2 pmol « L' Cu 5FF, K 2.3 XENTRAKEHEERR

JEE X Cu M & RAELI 6 d 183 & KE Bl T A &, KA HLTs e A % |
(47.6) ML T MBI 2 d X Cu MEERE  ZHIFRARAFERAKME, B THAEYE L8
(107.5) KJEFXS Cu MY BE 3008  H A g & e R ELELL A R B8 jgbok A 28 Th g 14
0.2 pmol + L™ Cu IEWHLBEAFIE 3 d, BBLHAST {85, BN Y FiT /K A 75 Y 36 B A0 G Bl T dfE o 2
ZHE —, 2000 FELAT, FE TP R AN R AR K A )

x3 HEABIKNERKEEMNTRKEEEBERBR

Table 3 Restoration effects of typical alien-invasive aquatic plants on heavy-metal polluted water bodies in China

LAY Removal efficiency®

IR (5 MR L)

Water body type ( pollutant concentration )

SCHik
v/d? EBRFE(R) HHERB(E) Reference

Removal rate (R) Enrichment factor (E)

KR Eichhornia crassipes
BTG K Simulated sewage (20 mg + L™' Pb,10 mg + L™ 10 Rp,(45.80%) ,R,(32.51%), [31]%-3%

Cu,40 mg - L™ Zn,10 mg + L™! Cr)

R, (43.40%) ,R,(49.29%)

7K Cadmium-containing water (15 mg + L™' Cd) 7 R,(81.37%) [46]
ZRITI542K Polluted water in Lianjiang River (0.86 pg + L' 15 pH 5.0:R;,(62.7%) , [47]
Hg,0.05 mg + L' Pb,0.18 mg - L' Cu,1.72 mg - L™! Zn, Rp,(69.9%) ,R(,(76.0%) ,
0.05 mg - L™! As) R, (86.3%) ,R,.(73.2%)
pH 7.0: Ry, (99.1%) ,
Rpy (82.2%) ,Re,(75.2%)
R, (87.7%) ,R\.(74.7%)
A BL 5 42 JR 57K Self-configured heavy metal sewage 15 Ry, (78.5%) ,R(,(96.0%) , [48]
(1.0 mg - L' Pb,1.0 mg - L' Cu,0.1 mg - L™ Cd) R¢(98.0%)
FiLT5/K Simulated sewage (0.92 mg + L™' Cu,0.01 mg - L™ 21 E¢,(1.67) ,E¢,(6.82), [49]
Cd,0.46 mg -+ L™' Mn) E,, (2.44)
FELTE/K Simulated sewage (0.001 mg - L™' Hg,0.14 mg - L™ 24 Ry (95.45%) ,Rp;,(98.33%) , Ep,(22.7) ,Ep, (257.5), [50]
Pb,0.03 mg + L™ Cu,0.28 mg -+ L™ Zn,0.01 mg - L' Cd) R, (27.53%) ,R,, (84.64%) , E.(17.6) ,E, (165.5),
R¢4(90.40% ) Eq,(144.0)
R4 75 7K Simulated sewage (1 mg + L™' Pb,2 mg - L7! 24 Rp,(90.40% ) ,R,,(64.21%) , [51]
7n,0.02 mg - 17! Cd,0.2 mg + L' Mn) R¢q(50.00%) ,Ry;,(92.61%)
P B F 2K Simulated copper ion wastewater (1,5 20 R, (70.8% ,66.5% ) [52]
mg - L7 Cu)
B 55T Aliernanthera philoxeroides
Y5 K Simulated sewage (20 mg - L™' Pb, 10 mg - L! 10 Rp,(59.36%) , R, (21.50%) , [31]%38
Cu,40 mg - L™ Zn,10 mg - L™ Cr) R,.(25.29%) ,R,(26.16%)
HEJEK Heavy metal water (50 mg - L' Pb,150 14 Ep,(94.8) ,E, (21.4) [53]
mg - L™ Zn)
K& Pistia stratiotes
FERIER V5 YL 7K Simulated cadmium-contaminated water 25 R¢q(23.88%,17.18% ,10.82%) [32] 53-54
(0.5,1.0,5.0 mg - L™! Cd)
75 7K Simulated sewage (0.001 mg - L™ Hg, 0.136 24 Ry, (95.45%) ,Rp,,(97.23%) , Ey,(79.1) ,Ep,(206.0) , [50]
mg - 17! Pb,0.029 mg - L™! Cu,0.278 mg + L™ Zn,0.012 R, (38.54%) ,R,, (84.53%) , Eq(20.1),E,,(179.9),
mg - L' Cd) R4(84.00%) E(198.4)
YRITI5%4K Polluted water in Lianjiang River (0.857 pg + L™ 21 pH 5.0: Ry, >R\ >R¢, >Ry, >Ry, [54]
Hg,0.05 mg - L' Pb,0.18 mg + L™ Cu,1.72 mg - L™ Zn, pH 7.0: Ry, >R, >R\ >Ry, >Re,
0.05 mg - L' As)
IKJEE Cabomba caroliniana
P B F K Simulated copper ion wastewater (0.2 6 E.,(47.6) [44]

pmol - L' Cu)

Dy, B3R s Duration of culture or observation.

2§55 A BRI 4 590 Sy 355 3% SO0 [ 7K A PR T ¥ B 0 1) d5e R 22 B 3R R S A 4 The percentages and values in brackets are the

maximum removal rates and enrichment factors of different pollutants in the water body during the culture or observation period.
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33 4%

AbFK AR Ak 2T 4 (COD) A b7 U (BOD) |
R BA R B (R | S PG N 2545 ) RN A TS Y S
(F4), mE 4TI, KIREALH5~60 d XF KM
COD I LBRHN 37% ~ 929! 201033738 | B
FALFE 10 ~ 28 d X COD W EHREH 74.5% ~
93.6% "% | K ERIK JE HEXHG YK A& & I iF
FERD FEALHE 5~ 27 d X COD AR N 59% ~

F4 EBRSSRANSKEEDIEIFLKEEEZLRY

979 PR AST Gk AR K A AL B S P 7K
& BOD B g i/ KR | 5 523 - BOR0 K
AbER 28 d PN XK 4R R BOD Y 2 BR ECH 98% ~
100900 ehh LA L 4 Fift 8 sk A AR 7K A= 4
oA RUHIR 3 5 2 3 Ak B K R o i R R
(ZBEH 84.29%~99.9%) 1 AUA AN ] 2B K
IR 5 1 55 1 P T A B S A T A O

Table 4 Restoration effects of typical alien-invasive aquatic plants on organic polluted water bodies in China®)

I AL ) | L Y ik
Water body type (orangic pollutant concentration ) Removal rate (R)? Reference
SR & Eichhornia crassipes
A E B FR LK K Simulated eutrophic wastewater (25.72-136.04 mg - L™' COD) 14 Reop(91.37%) [30]
FET5 K AL B 27K Simulated sewage treatment plant wastewater (50 mg + L™1 COD) 5 Reon(80%-90% ) [32]
SR 1718 o /K JE 7K Water sample from ponds in Tongyang Wetland of Chaohu 36 Reop(84.07%)
(150 mg - L™' COD)
FAL T K Petrochemical wastewater (195.74 mg + L™' COD,128.27 mg - L™' BOD) 28 Reop(92.45%) ,Rpp(98.37%) [ 56]
PEHHE K Starch wastewater (230 mg - L™' COD) 7 Reop(61%) [57]
R & 95 46K Simulated eutrophic water (—) 60 Reop(37%) [58]
# A% PE B Phenol in pot (1 mg + L™! PhOH) 1.5 Rpon(99.9%) [59]
FEHIF A B Phenol in analog box (2.0 mg - L™' PhOH) 0.67  Rpuon(99.0%) [59]
ALIEZE B Phenol in oxidation pond (0.36 mg - L~" PhOH) 1.67  Rppou(98.6%) [59]
LRI IK 7K Malathion wastewater (10 mg + L™ C,H,o04PS,) 10 RCmeO@PSz( 89.50%) [60]
B £4757K Naphthalene containing wastewater (4.3,9.9,13.2 mg - ™! NaPh) 8 Ryapn(92.0% ,85.4% ,84.2% ) [61]
FEPIFTAE 275 YK Simulated antibiotic-contaminated water (10-50 mg + L™ SN) 25 Rgn(34.62%-92.34%) [32]%-40
PuA: Z 544K Antibiotic-contaminated water (—) 3 Rawp(76.0%) ,Rypr(95.1%) [62]
B Z V544K Antibiotic-contaminated water (40 wg + mL™' CTC,20 pg - mL™" OTC) 5 Repc(86.3%) ,Rop(61.2%) [62]
BB 7 Alternanthera philoxeroides
FMAL TR K Petrochemical wastewater (195.74 mg - L™' COD,128.27 mg - L™' BOD) 28 Reon(87.41%) ,Ryy0,(98.18%)  [56]
M BE V57K Low concentration sewage (272 mg + L™' COD) 10 Reop(91.14%) [63]
15K PET5 7K Sump sewage (848 mg + L™! COD) 10 Reop(74.53%) [63]
#AEIHT5 7K Huanghuagou sewage (664 mg - L™' COD) 10 Reon(89.31%) [63]
LR BETH R Fermented biogas slurry at intermediate temperature (484,968 ,1 291 20 Reop(93.6% ,88.9% ,83.2%) [64]
mg - L' COD)
K Pistia stratiotes
FEALI5 K AL H T FEJK Simulated sewage treatment plant wastewater (50 mg - L™' COD) 5 Reon(77%-97% ) [32]%
F B KK Livestock wastewater (498 mg - L™! COD) 8 Reop(82.33%) [42]
A5 1% 7K Domestic wastewater (32.0 mg - L™' COD,3.7 mg - L™' BOD) — Reon(82.23%) ,Rpop (100% ) [65]
HEPIFT A 25 YK Simulated antibiotic-contaminated water (10-50 mg - L™ SN) 25 Rgy(26.37%-80.18% ) [32]%40
A Z 544K Antibiotic-contaminated water (—) 3 Ramp(92.9%) ,Ryyp(95.2%) [62]
Pk 594K Antibiotic-contaminated water (10 pg - mL™' CTC,10 pg + mL™" OTC) 5 Rere(32.9%) , R (48.8%) [62]
IKJE W Cabomba caroliniana
P 5 F7107K Simulated eutrophic water (80 mg - L™' COD) 27 Reon(59.14%) [44]

DCOD; b7 i Chemical oxygen demand; BOD: /Efb 7 %= Biochemical oxygen demand; PhOH: #£[} Phenol; C,,H,o Og PS,, iy i
Malathion; NaPh. % Naphthalene; SN Ttk 1z Sulfanilamide ; AMP ; ANEEE Ampicillin; TET: ENIA LB Tetracycline hydrochloride; CTC N
Wi 4 & Chlortetracycline hydrochloride; OTC ; IR+ ER Oxytetracycline hydrochloride. — AR IE Not reported.

2y, BRI B Duration of culture or observation.

3 JES A T 23003 S B 3 WL ) K AR R A ] 5 G ) Y B R 22 2 3. The percentages in brackets are the maximum removal rates of different

pollutants in the water body during the culture or observation period.
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3 4 3B P UL . [t KA b A R BE 3 n LA
R AR K A 0 2R 2 XU A T B2 -, 2010 4F LA
K, HE FHRE R MRS LK IR hHi &R
FIRIFSE . P> L T RUIR i K R 58 £
S e ) 22 SRR, R 3 R R X 10~50 mg - L7
itk e 1) 22 I 838 5 (26.37% ~ 92.34% ) , & T
T 2H (5.88% ~23.37%) , H. 3 NFEXRTRS e 1) 2 R
o T IRUHR 35 R 3 g JRUHIR i R K 9 ) 25 SN I A
/N T A L0 2 ) R XU 3 ARG 38 Ak BRI i A
RPN 3 d B2 R xR R PUBR R Y 2 BR
AHY (43514 95.19%F1 95.2% ), T RUIR s % 42 75 55
RINERHE(76.0%) 8T K (92.9% ) ; KUK #5 40
5d X%t 4R R MR B E LRSI N
86.3% M 61.2% , 53 M N KR 2.6 F1 1.3 i,

25 LT, Aok AR AKAEAEPIAEAS [RIZK AR R [R]
TGN R —E B R 22 5, H Wi Fh =30
AR AP LB OE A T RUHR 3 K Ry v
KA, B A B O, — Hg T,
ol BASKE,, Hik, MR R KA ER
AR G Yyt | IO AR B A 25 D B B T )
et SR K A A P AT WK, B R 9 G A
i SR P A — e a N, ERAR RURR 5 K 7
BT, DRI BERFAE P % 45
SR T B RTFT 85 R I A i AR 8 i , e LA BUAS AL ]
FHIT AR IAACR | R0, L 5 v A R B AR AT R 1
ST FE (0 B AE 0102

3 PESNRNE A A
TR A B R WL

FLFRK A A TE N I A1 SR A AR A% KA 5 G
Py LB EEEHLRCA Y B A A R PR R R
Fid IR S VTR L B A Py Dy ) S 1% AR g
G4 A A W5 R A AR 2R 50 S AR BRI ) |
VELL B AEI A 545 % 3 A D7 .
3.1 #EYRESRELYLE

YRR BB ST EZ A Rl A B
S SRR LR XS IR 4 0 2, R XA
B FICE MR B 2 R LT iR
BT R B AR A BB ST R L Y
K2 =00 BN o T R, AN IR Eh % i B 1 A B AR
B A& W S A 4k, %5 SPLY | TGA1/4  bZIP |

IPT3 %55 5% 7 LA K miR399 . miR444 miR2111 %
miRNAs , X 8655 55 K 7 F1 miRNAs 1ER YWl iz
MEMEFREE h R BB TR T R I A E LA,
. miR399 3@ i 97 ] E2 1z &K i H2 6 3£ N PHO2
( PHOSPHATE? ) W3R A sl ¥ W S R e iz 45 (HL
LA RO ) P R S R AR R B A IR T R L
T AT 5% 2, X BE ML R 5T 22 4 A U
B [ Arabidopsis thaliana ( Linn.) Heynh. ) DA & /K 7§
(Oryza sativa Linn.) 1 E K ( Zea mays Linn.) SE/EY)
b MAEAR SR AR K A Y F B BIF 5% 14 4 e Xt
R B EFRCE RIS LS R | 4E Y AR
KSR 1 R SHIL 22 FH AU RS I Ak
A X IR AR MR 55 [RIAR ML, 3500 B B AH DG 2
SEPH TR miRNAs, 32 22 J5 P A T X A1 ok AR 7K A A
Py AR Bk
3.2 WRESBYSREREDEIEVL S
LY/ R e R SN Tl A MU/ SRR EIP RS 7S i 1
R W 2o & AR e &9,
MR I TT B AR IR Ak UTE (B & Ak
WIRAEH, NI & 48 B T a8 & A 0L, BRAK
AT ISR I G BRI XU, AR % 4 I 1)
FEARMLER " 5 [ A AR PR A7 22 b i A= 4 1
HE A 0 WA BILIR 2 10395 1 790 ARl S 0 o, AL
MR R SR BRAE Py Rl VR FH AR AR PR IR A2 AR )
XFEREE S IR R H 4R AN A LTS Y 4 1 W A R
figf A0SO TR N A 7 A K A A AR B K R -
KRR 3 e 9 H 2B 43, 727K OB LT 48 - IR 4
DX, R FE A A RS2 s e 38 4 B 9 %o 5 7 A R I AL
TG AL B S bk A A5 285 SR 2 B . RUHR 15 ok
S 2 ) KR R R O, AR IR 1 A R 2 B
15 YL, I AL AR A AR AR R B A TR R4y
BTk 36% F1 229%™, KETCE B FLE WL,
T B H B AR R SARBRGE Y 04 B, AR R 5
JIR P AR 2R 5 U M BRI R Y, DR T U B TR
Ml L7 B EMmEDY R, KR &
BRAbaf s S (COD) 2 BARSEAR R WL B L itk
Wy 5 it B A= 0 A R Tl 2 Do o R v i R 1 T AR
S5, COD ¥R FE AR, 304 M0 AN i, 3 K EE X
AR5 PO ARSI I BFF 5 Al Y05 78 K IsF, B2 B ek A ML 1) 2
FRBA S, Rl 2R COD v i T i sl 40 i ik e
T, W S B B Aod R v 6T ik VR A9 9 #E LA A CoD
O N S A W T E PN



10 N7/ I AR SRS A
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XoF i JHg 1) 23 SR ARCR , ¢ IR P W AT AL o il e 2 o3 o 1)
0.7% ~6.0% , iU U0 il 2 AT B 1 ( Bacteroidetes )
XTSRS R IR i
MR BRI e A 2815 K B B v R 8 T B2
FH e KR AR 25 b ARG I 3 2% | FLI PR 2 25 L)
38 3 SRS 37 R S 24 At e ouf DA A IRURR B AR TN e
2RI AR R AE K E AR PR i A X Hg™ P Cd™
I Cr® A RSN , 45 R R W] R R BE 9 Cd™ Al G
A LI A A P R G IRV BE H™ R P Xt il
A0 TR A R E HT, U B AR PRI ) ] Bl [ A ) 7
GBI T A, TGRSR LR T AR R AR A TR AE
Y2 Cd e i, R B B 20 2540 5003 WA B4 551
7 BRI E &R A R R E A AT AR
FRAT YR BRGA: P 7E A1 SR AR K AR 25 BRoK
PG e R AR AR (HAR DGR 3R 43I ) - AR B 1k
A - R EE (4 AR RLRIATS A BB
3.3 EYIEBSELNE

T ok it 5 4 R LD 32 8 R AR e A LTS G DA
As Hg Fl Se S5 KB FE, FREE TS YL )58 2ok 1 5
WCHE AAE IR IN 6 4 A B8 il 1IN e 1 Ak
BYIAEAEER Y D SO R R BRI AL 2= )
A R R ME R R IE R 1 Co, 4 il it 15
IR Y R R B R A R AR N
41 (oxygenase ) FI S ( dehalogenase ) 7£ 75 44 )
R fireash P v 2 4% F AR Y 9% 2% ( Brassica juncea
(Linn.) Czernajew ) M5 Se fb45 % (anfififk — W fig
LA )  Hg A1 As 48 K 823 =0h 1 SR,
PR B2 S TG G ) B ik AT R ] 3
KIS R R Y

bR AR AR AAE P TG B B H SR K ik
SRR A T 75 G RS 2 B —BLRIE I A 1T
JeZ LRI R E RIS R . =% DIE P
FHAR 25 SRV E AT X 42, & B0 RUAR 5 1 W i 5
P E PS5 G W 00 25 BR BTHR 3 o7 55.89% , - EA)L
il I AR A 7R RUHR 8 A P R 2R S Bl T2 WSS
Hofe— bR Wi 50 2 30 XU i 0K 9 A
R[] PG KA e A 3 B 8 AT RO, mT R A
TETAR AR A WA | B3 A | e 4 B0 I8 e Ao g 288 1) 3 [
TR, R4 R B, K G BN LT B WAL 2 5
S (COD) Y 23 B3 32 B2 380 2 A 400 1) MR s R i o LA
B W R o i, 2R AE IR T L AR
AR KA R W) AE P 1 b AR ) % AN [m] 28 AL Y5 L B

(i A L R 4 R LTS B ) 1 22 BRAIL A
5 IR R AT 45 & e 2 B PR A e 2 S R 1Y 231
AT ST B, TRA AT TS YL W g B DA R0 4 i
LA AR 48 R R AE )~ R Y EAE DL R 2%
BRoK TS R B T UL TR AN R AR K AR
LER7/POREE SV L NE SR 3=V IN UL RZ S w DR 7B E IR
e AR TR W S S BAREOR , 2 i i &
ZOK IR A E PR B i, B Tk AR 2
PR HERE S

4 W ESNRNAR K A A A B T 45

I, ESMSRARAEYITERAYUK A S AL 3 A
FRIAHAE ] AR SN R BT 2 1 W A
S (COD) FIEE < 55 1 25 B L A% 5 AR T
ECSREN YieRt R NI E 8 I EPNITTE V) S 7 N N
PR AR R AR O 5 R, LA AR ) B e B A
DA AR DR R B4 0 2, 4 JH 11 sl L o 7 A
SNBSS N A AR S B S T RE S i fE. B
AT, B4 v 1 A0S AR K A AL 1 B A T
AAELAR 7 A5 1) Wk B, FEor AT E A S
ANARIK A W B P e AR S BE 58 R N SE 2 R
CHRE s AN TR REEAR) |, s S A K A LA
R I ZE A Al 0 B A BT W) A AR KU B9 P
il XA ST 57 T 5 AR, FER T A LA
52 IRURS: A5 48 5 X ER XU RS 9 o e o A B, By R8T R
Ko 2) NTANBUBREBIS B L2 b gt Ay . i It R
B3 EBANTRHURSAE S b A iGA, BT
5 AR BRAR T B 2D b PR T B S R I B 4
Ao 3) ARG, AR FOH (SEIEER | FH B R R
BERIG R R A ) o 76 WA H R 5 G XU 45
R ARk 2 24 390 14 5 B e O K A 2R 0 7 3 4
4) A=W i6 , ang ARUHR i #Y R (B B R AS ) |
TR (SR ) FIAR A W AR A ™ 1 (Ao s
R) o ZITERAME 2T P BORFEA L
R0 LA e PRI 5 | R ) A ] 42 1 RS Bl R P T 5 | K
TR, R A AR TR T AR, 5) BERAL
FHT, W et e R | A 9 Rk A AR T B
T e/ A e AL R ot A= A 25 LR 25 70 11 il
W) 55 BB B, i Jr I AL TR T AL B BL,
6) LR ain HL, BV B Al M A 1 55 22 05 1L RO K5 B
Mo HEE,2T5 R BAREAS T — & AL, AT 3
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B AARIK AR ) 58 223 B A AR T BR A i sk />
ORISR, AL R s By 47 5 B U e (e AL A T 4
KA, FE ARSI R AN RAE Y A 3518 = I RERI BT R
A7) B ECE . PR S RER A A
2RISR AR LAY 7 P I T2 —3h T 24 A2
NP 27/ PNV N AN A YRR 1Y AR 7 e
P AT AR A 0 B 1 45 R SE R A R L BRI
PEES S HTBAREAR TR A 2 A RS AU
2T J YR AR S5 2 A2 T BB 5 2l
1RSSR ARK AP A 00 5T 5
AERE AR,

5 HpfgsE

FESMSEARK YR 2, MRFEE BIRA
[a] , EH ARG o A 2P S DR 2= 5 i D IX
SR AR IK AR K A S S TP A R AR X 8 A
FEAEPTERUIR WE R P 75 b, HAH K
HE B RG22 G P ARG ) /N ik f
BTG IR 2 BR LAY G A0 e 5 e 4
MAEEFSNE AR AL B R /KR 3% 5 e 7K i LA R 3]
TRIIA A5 Ry B K AR 0 22 75 e 1 7 5 ) L BRACR 5
BILT G AN AT

s S AARIK A AT A= Wy~ B R A5, R
ZF PR EOR | R LI R 4 AN s AL B A 2R
T2 BAT 1) ek A FER T ORI AR K AR A
FARRINREI 3 I K, i Sr. LA T R S 1] Y AR AR
AKAERIPI B AILAR Bl 2 PR 2 2 DA RO A
N BB 14 5 JR 55 A, AR oK IO T8 Xof g 56 K1)
o2 Pl it W 28 00 558 SR K A AR ) A e XU, F) B 42 B ik
PRI 20 25 B AR, JE ok AR AR A A o ) IX
SR AR A I A 5 SR B X 22 7 ey b ) 25 B )
ST HLHIRGAE B P RILE] , B 1ok AMRIK A L)
AR 43 e A X ISR A PR IR H P R

R, T E SR AR IR AR AR Z2 K IR T P il
AR M DX, HAT ST FR) ) i e i, A Gl A ) Ak
ZFARE A SR MIAE T, JUT 5 IR RS ASRE S i
R KA, LT it it A rh R A T 28 IR KT AT
P < S LR o 5 IR Eh 5 R
WAL, A, N 2B R AR A A 3% K
 CEMR R, HA R R S5 AR SR A A2, 3
AR T HE A o, S BR i A1 AR K AR AL R RASS

PEAT KA ZSAE S N B — A F B, BRI
HKELITRE TARSAT S s W & (B H AT Bk = %)
P FTBIAY 5 5 K R SR AR K A R AR AR 1) B DR
rEACAEAS . i Tk s gy e e, T
IKAZS B BN AAR IR LR AR D) FRAR IV 53 2T Ji B¢
PR AR RS, e &5 A WERE B IR LR 5
FEAE ISR, AT T A ARG TH A 15 I 488 5 ' 3% T
SERRE R, AT T ol g AR B T R A
LT YRR S S AR R I AT T A W e AN 1 fiE
DA R A S BT R B R OK A B 2 5%, )
T RHREFIRUR 22 T 1) K e

SEARI T E AT EUX A B AT T3
i, F I SR AR K AR AEL) 1 5 DX SR 547l 1) 22
[T R B PRI i 15 S A SE S5 . HeAh, IR AE R 28
ARIBRE S ELEE , FE R A ARX IR AR IK )
A SR H S 5 B Sk AR K AR IR JH A |
5K AR B S G AT, R, R AR
PSRRI AT 7K A A S I O e B 75 42 A1
PR A A ZR R SR 20 B BT oA

SE K

[1] KRISTANTI R A, HADIBARATA T. Phytoremediation of
contaminated water using aquatic plants, its mechanism and
enhancement [ J ]. Current Opinion in Environmental Science and
Health, 2023, 32. 100451.

[2] WANG W, CUI J, LI J F, et al. Removal effects of different
emergent-aquatic-plant groups on Cu, Zn, and Cd compound
pollution from simulated swine wastewater [ J ]. Journal of
Environmental Management, 2021, 296 113251.

[3] CULJW, LLJF, CULJ, et al. Hippuris vulgaris could replace
Myriophyllum aquaticum to efficiently remove water phosphorus at a
low temperature in China[ J]. Journal of Environment Management,
2023, 339 117886.

[4] KUMWIMBA M N, ZHU B, SUANON F, et al. Long-term impact
of primary domestic sewage on metal/loid accumulation in drainage
ditch sediments, plants and water: implications for phytoremediation
and restoration[ J ]. Science of the Total Environment, 2017, 581/
582. 773-781.

[5] MAZUMDER P, KHWAIRAKPAM M, KALAMDHAD A S. Bio-
inherent attributes of water hyacinth procured from contaminated
water body-effect of its compost on seed germination and radicle
growth[ J]. Journal of Environment Management , 2020, 257 ; 109990.

[6] CUILJ, CULJW, LLJF, et al. Improving earthworm quality and
complex metal removal from water by adding aquatic plant residues
into cattle manure [ J ]. Journal of Hazardous Materials, 2023,

443 130145.



12

L7/ AR R

=

33 4%

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

SRR FE TR BAL K BT B IR T . B IR T4
BT D], TN AR TORSA, 2021 1-3.

O, A B, TR, R E AR A IR S R
RO B G RR )] A ERGE2AAR, 2022, 31(3) : 621-633.
WU H, DING J Q. Global change sharpens the double-edged sword
effect of aquatic alien plants in China and beyond[ J]. Frontiers in
Plant Science, 2019, 10. 787.

KUMWIMBA M N, DZAKPASU M, LI X Y. Potential of invasive
watermilfoil spp.) to remediate eutrophic
waterbodies with organic and inorganic pollutants [ J ]. Journal of
Environmental Management, 2020, 270. 110919.

HASSAN A, NAWCHOO I A. Impact of invasive plants in aquatic

ecosystems[ M ] / HAKEEM K R, BHAT R A, QADRI H.

( Myriophyllum

Bioremediation and Biotechnology: Sustainable Approaches to
Pollution Degradation. Cham: Springer Nature Switzerland AG,
2020 55-73.

AGASILD H, KISAND A, Chironomid

AINELO E, et al.

incorporation of methane-derived carbon in plankton- and
macrophyte-dominated habitats in a large shallow lake [ J].
Freshwater Biology, 2018, 63(11): 1433-1445.

HOFSTRA D, SCHOELYNCK J, FERRELL J, et al. On the
move: new insights on the ecology and management of native and
alien macrophytes[ J]. Aquatic Botany, 2020, 162: 103190.
TG, b KRR AR A Y X R 2 3 A A SR 5 iR
D] WP LK, 2017 11.

N, JEPER, FEE, L PESSEARMYE . HHE
[M]. B FSSEI I ARAL, 2020. 1-288.

KB T, e, otk A OKEIE BT ok R e
HAETAR A TR BT e i PR ]. AR SR 2, 2017, 26
(9): 1612-1618.

XS, A M, SOOI, AF. KRG K s dend L E TR
HORIMTLI]. Al BRI SIREEE4, 2022, 39(5) : 903-912.
PENG Y, ZHU H Y, CUI J. Changes in environmental
performance with firm relocation and its influencing mechanism: an
evidence of chemical industry in Jiangsu, China[J]. Journal of
Environment Management, 2023, 336. 117712.

E MR, ALAEAR, XL, S RFEX AR K i 2 R R
W RBRBCR AR S A T3 AT )] A TR 4R, 2022, 38
(14) . 256-264.

WANG H, XIAO K Y, WU Z G, et al. Delta arrowhead
(Sagittaria platyphylla) in the Yangtze River: an invasive aquatic
plant and the potential ecological consequences[ J]. Biolnvasions
Records, 2020, 9(3): 618-626.

Rk, WA, &£ F, % BT VOSviewer UKk Y 1L
TREF IR AHT[ )], W & 588, 2022, 39(10) .
72-79.

PATEL H A, SAHOO S. A review of water quality improvement
with the help of aquatic macrophytes [ J ]. Current World
Environment, 2020, 15(3) . 398-405.

PRABAKARAN K, LI J, ANANDKUMAR A, et al. Managing

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

environmental contamination through phytoremediation by invasive
plants: a review[ J]. Ecological Engineering, 2019, 138, 28-37.
T &, BE, NEIF, % 2 Mok 5 Rk ik
AL ROCR AT ST [ )], m A0 I 2 B 22 4, 2017, 33 (6)
61-65.

AR, WS, B, & SR Y3 E IRk o A
W SBRAURAFSE 1], ATEST, 2015, 35(3) : 462-466.
x|y, ROM, R AR, 3 FUKAERYIE S IR KA
ALV ERIBESE ()] KRS 228, 2011, 32(2) : 69-74.
ik 5. AR A AR B E TR ALK RSSO LB L
D). mist: Mt TR, 2016 21-29.

JRAET, KRER, XEEE ) A RUBR XS AR R B SR Ak K
AR R BRSTERAF ST ()], o A SOl 24k, 2010, 18
(1): 152-157.

BRI, LURUIR 4 D S A 7K A AL 0 15 e 5 SR ALK iR
APMELDISE[ D], BRI Rl ke, 2007; 47-51.
TN, Wb, B A SF RUIREX A &8 R R K
PRI ECRBERBTTE 1] . BIALAOL RN, 2019, 58(14) ; 51-54.
BRANTE. AR A AL 0 ST 35 K B AR ) AL ROCRATSE [ D). A
M AR, 2008.

R4, KR 5 UE WX 7K PR S5 LA 7 e 1 L BRsCR
W[ D], BRI M/REE ALK, 2022.

TG, FOCH, RSRA, . KA S E IR KA 6
BRI T]. AR R 2 (B AR BF 2R , 2020, 38
(1) 112-116.

WANG Z, ZHANG Z Y, ZHANG Y Y, et al. Nitrogen removal
from Lake Caohai, a typical ultra-eutrophic lake in China with
large scale of FEichhornia crassipes [ ] ].
Chemosphere, 2013, 92. 177-183.

LUJ B, FU Z H, YIN Z Z. Performance of a water hyacinth

confined  growth

( Eichhornia crassipes) system in the treatment of wastewater from a
duck farm and the effects of using water hyacinth as duck feed[J].
Journal of Environmental Sciences, 2008, 20 513-519.

WU X, WU H, YE J Y. Purification effects of two eco-ditch
systems on Chinese soft-shelled turtle greenhouse culture wastewater
pollution [ J ]. Environmental Science and Pollution Research,
2014, 21. 5610-5618.

e, BAE, VFEE, % 3 FKEM YLK N,
P ACREIBIEL )], IR ER, 2015, 37(2): 119-127.

& M. 5 FOK AR AL TR TS K IBCRIEE[ 1], T AR AR
ARk, 2013, 40(6) : 161-163.

Eoo, . ZRK A A TS K A B R A
FRAER[T]. #deAOll Bl 2014, 53(20) : 4835-4837.
A, B, EOR REX KR BRSO ) A
FE[J]. RILRIBRIRE S35, 2012, 21(9) ; 1137-1142.
WANG X W, WANG Y J, YAO W P, et al. Improving the efficacy
of different life-form macrophytes in phytoremediation of artificial
eutrophic water by combined planting[ J]. Environmental Science
and Pollution Research, 2023, 30; 67621-67633.

Mk, B F, B, S REEXTASIR] BT RE R B R K



514

BB, S5 PESMSRAGRIK AR B AR TSGR R A BB P R 13

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

PR B AR AR [ 0] B2 4i, 2014, 37(3) .
87-94.

XIEEE. REXT YT PR WA BOR B AE YRR [ D] IR
B ARdbRl kA, 2022, 33-39.

TR X . KGR AESE AR IRCRTSET]. B
B, 2017(12) ; 124, 134.

ek, £RAy, X, 4. KK R (BTLE) KR FIK A
AR A R BT Qe BRI A R ()], TR I
2022, 36(3): 136-140.

JRRKE, BOBR, B M, S OKAERY S RMERT AR K A
BRI IR [T]. BB 2 55K, 2018, 41(S1):
166-171.

M55, BAIRAE, BRGEmE, 45, RUIRSEXT ZhRiToK iAo 43 1 25 %
HORAEHAE DAL T]. AR SHAR, 2021, 41(3) : 96-101.
X Jete. WX A ML A2 5 T & i 2 A T5 Yok I iE 2
HORBIFE[D]. BEIR: BEPORE, 2017 29-47.

JAHERE, SR, R f, S5 SRk N E SR 0
Lo AL RB I W 5E [ ], BUIN W R 2% 2 4l ( H AR )
2020, 19(1) . 57-63.

IR, B, khdde, 55 KRS REXHK AR SR E &
TR R AR S B BRACR DI [ T ], RIT R 274 ( B AR FL
Ji2), 2014, 11(11): 54-59.

ZHOU J M, JIANG Z C, QIN X Q, et al. Efficiency of Pb, Zn,
Cd, and Mn removal from karst water by Eichhornia crassipes[ J].
International Journal of Environment Research and Public Health,
2020, 17. 5329.

LU X, GAO Y, LUO ], et al. Interaction of veterinary antibiotic
tetracyclines and copper on their fates in water and water hyacinth
(Eichhornia crassipes) [ J]. Journal of Hazard Materials, 2014,
280 389-398.

B, 2, A SRR AR ES RN E
ELBATIEL )], EHERAR (A RBAR) , 2004, 10(6)
626-629.

WS, kB, B, 55 REXFRLK M 4 ) 1 255
IR EREDITE ()], BRI 5, 2021, 46(6) : 91-95.
T e, PIRP UK Cu® B9 5 S5 11 FH LA B AR B A A0
F5E[D]. L. BB, 2004: 19-20.

R, HEH, EAH, RIS AL TR K
RIBIESE I . SR Ee [ 1], KA 24, 1987, 11(4) .
299-309.

BRUL, Z55r M. FIRDKAERRBITER K [ T]. FREE LRy R
2, 1996, 22(2) : 24-26.

EATHAE. LLRUHR 3 S 3 0 B 7K A AR %o A 3 e 5 8 R AOK
RAEEEHITE[D]. KL R, 2007 51-53.
ESH, A, T, L RUREGL S 5K BT 1.
FEFR AN E AL IS LR BT S5 RT BRI (s e [ T ] PRBER}
2FEAR 1986, 6(2) : 207-215.

Bk, REW, WBEs. RUIR 50K 78 1 b 2 b o o i
[J]. HEFEERLSE, 2001, 21(6) ; 553-555.

O, XER, A, % RUREN S5 () BHUE

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

KL T]. B 24 ( FHARBHEARR) , 2004, 10(3)

272-276.

W/t Z2RE, AHETE. PR K AR X b A R TS Pk ik

ERAEML)]. R EPIRE, 2012, 41(4) 2 1-7.

TR, W, BRRE, % KAEA XI5 K e BE T

WEFE[ )], AKALHRE AR, 1998, 24(5) : 62-64.

e, WinZ, BV, =FEPIXS COD i 52 1 FR 5

HORLD]. A F RS, 1997, 16(5) : 209-213.

JREH, AR, R, S IR TE AR IS BUK A YR e

PRI BRI K s e AR ST [ T, BRI 2 B 2 4

2008, 24(8): 1-6.

A, £, B0 MY EBEE SR 2w ROR TR R

HRy[]]. hERBE, 2021, 51(10)  1415-1423.

BUKRE, Wi, 300, 4. YRR W iz ME i o

FHLRIL]. MmO, 2022, 37(4) : 547-554.

ERER, £ OBk, EER, & MY EARE RN KRGS %

S]] RO R, 2022, 44(6) : 78-86.

EHEEE, kB, TR, & KA -MEWBS R BRI

AP ED OISR [J]. WUEYF AR, 2021, 48(12) .

4918-4931.

LU B, XU ZS, LI J G, et al. Removal of water nutrients by different

aquatic plant species: an alternative way to remediate polluted

rural rivers[ J]. Ecological Engineering, 2018, 110 18-26.

R, IO, RO, S EAJRINE T RER A Y

BEFRL)]. SEMARL RN, 2010, 38(3) : 79-82.

W, PRORA, RGNS, 5. ARBRBUAE YR TS 3 AH Yl 8%

REI A BRAL R DSk R ()], RS T 2R, 2021, 16(1):

2-14.

WEI Z H, VAN LE Q, PENG W X, et al. A review on

phytoremediation of contaminants in air, water and soil[ J]. Journal

of Hazardous Materials, 2021, 403 . 123658.

ALI' S, ABBAS Z, RIZWAN M, et al. Application of floating

aquatic plants in phytoremediation of heavy metals polluted water:

a review[ J]. Sustainability, 2020, 12. 1927.

2= fh, EEE, KRS, S YT RIZE I TS R

ZRRBLRIL)]. KAESFA, 2018, 39(3) : 1-7.

M, M, BEAE, S VLR XA SR ARARY) S LB

TRACHI BRSBTS [T ]. R EEAUP 2, 2014, 16(12)

961-970, 984.

BEAR, B W, BRTAT. AR IR K B SR AL R B

FURELT]. HEAESAR A (P, 2019, 27(12):

1870-1879.

HUSSNER A, STIERS I, VERHOFSTAD M J J M, et al.

Management and control methods of invasive alien freshwater

aquatic plants; a review [ J ]. 2017, 136:

112-137.

ESRH, EWK, FRK, & T IRERGHINSEED AR

Y RBEHESEZ[)]. JTRRL, 2023, 57(7) : 25-28.
(RESRE: H4)

Aquatic Botany,



