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Effects of Submerged Macrophytes on Water Ecological Restoration and Its Application Boundary Conditions
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Abstract
its natural state. As an important part of the aquatic ecosystem ,aquatic macrophytes absorb and degrade pollutants in water through absorption,
enrichment , root microbial action and allelopathy, so as to purify the water body and create a good ecological environment. As a kind of aquatic
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The river and lake water ecosystem in China is seriously degraded,so it is very important to restore the river and lake water body to

macrophytes, submerged macrophytes play an important role in the ecological restoration of water bodies. By systematically combing the removal
effects of submerged macrophytes on conventional pollutants,heavy metals and toxic organic pollutants,domestic and foreign applications, and
the boundary conditions of submerged macrophytes used in ecological restoration of water bodies, the article provides the references for the se-

lection of submerged macrophytes in ecological restoration of water bodies.
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Table 1 Removal of high concentration pollutants by submerged mac-

rophytes %
P Ri#FE  NH-N RERE TN g% TP R
No. Plant NH;-N removal TN removal TP removal
name rate rate rate
1 IR 89.9 86.4 90.5
2 GxfhigE 93.5 87.4 96. 6
3 L 91.6 87.6 91.6
4 PR 90.9 86.9 89.8
5 PR 92.0 90. 1 92.8
6 e R 89.2 84.8 89.5

Z AN B AR AR X A R B NH, - N A 22 B R 45 22 s X
WREE TN (1 2R KB/ IME U e i R 3> IR 35> 4
FESTERSHR T RN BT TN R B, 15 83. 9%,
PREET TN A 22 BRA3 A I, (U 44. 0% ; X Ry BE TP g %
BB MR IR B> T RS IR > 4 fa > R
R R TP (Y L BRI &, 18 96. 7% , bR J Ak i
RBREE AR T4, 4%, 1 BERT N, S R ok B IS e
TRAR B EACBER B4
R2 RAKEDI R ES R MR

Table 2 Removal of medium concentration pollutants by submerged
macrophytes %
e fAAR NHONERE IN Gk TP gk
No. Plant NH;-N removal TN removal TP removal
name rate rate rate
1 R 81.5 83.0 91.7
2 rRiib 91.8 81.0 75.4
3 fi 89.7 72.3 93.0
4 PR 78.0 44.0 74.4
5 IR R 91.8 83.9 96.7

HI% 3 WAL, X TRV B NH, -N A K R8O h de B
B> > PR PR BES T A5 5 IRV TN 1) R BRACR o
0 > HE I RS IURE 3>y 5> (P AR 8 > YR 5 IRV TP 1
FERRCR T SPREE> B > H > R RS TR %
HTH AT RN 0 P P IR B2 NHL, =N TN 1 25 BRBBOCR K
U RO TP 5 RERBCR S
R3 TKEWIHERET LM ER

Table 3 Removal of low-concentration pollutants by submerged mac-

rophytes %
e MEE NICNERE INggmE T s
No. Plant NH;-N removal TN removal TP removal
name rate rate rate
1 IR 71.5 58.4 25.3
2 it — 93.8 62.0
3 T 82.5 52.0 29.3
4 DR 72.5 47.3 87.9
5 AR B 82.0 48.0 63.0
6 e B 86.0 84.0 28.0

VLB B 2 B TR]— 0K R AN [ B 7 e 14 25 B
RCRANA], AR e, 722 1 NH,-N ¥R >8 mg/L i, 25B5%

RNy 89.9% ;47 2 1 NH,—N ¥ J¥ Jy 2~ 8 mg/L B}, J: 5%
7 81.5% ;76 3 ot NH,-N<2 mg/L i, BR% K 77. 5%,
2 KA A AT 7K r s YL v B A — 2 i 32 T, 7
R A, 22 R B e FEE 1) T s T, S B g™ oA
LSS . P, 76 SEBR RN T b 75 AR 4l /K A5 e it 13 %
TG PSR E A A TR IR AR B 5

1.2 WELEBETHERIERE VUKHY TRk E S8 %
T HARNM A H K MY E G R SEmE N A LR
ELRRAE S ALY BT R E SR B TR it %
B KX IS ARVE T, {4 T B T e IR N BB AR s 5
MR AR L BRBE 1R 75 ™ . Keskinkan 251 BF58 T 4 03
Xt Pb Zn Hl Cu W& 4ERE 1, 45 3R & Xt Cu(1D) (Zn
(ID) \Po(ID) MR K w2 RE ST 4351 6. 17,13, 98 (44, 80 mg/g.,
Bunluesin 45 BiF 57 2 W1 Bt Cd HAG TR AR W BHRE 17, fiE
1€ 20 min K3 WY FFEA , F W ARE 1R 15. 0 mg/g,, Sivaci
SEIBIESE  B BOWAS[FIHEE (0 48,1632 1 64 mg/L) [y
Cd VR W ISR AR G-, T 8 AR AR VAR B2 (0. 4 il
8 mg/L) Yy Cd WO RAT . Lesage %5 B 57 2 W REAL IR
#HXF Co Ni Fl Zn W) s HERE 1405010 2.3.3. 0 F1 6. 8 mg/g, %t
Cu BYWILRE ST 4 29. 0 mg/g, BRIERE ™ W58 T KA P %t
As [ & FERCR B AR RE S SR B SR A 75 R (1. 80 mg/g) >
(171 mg/g) >THF( 1. 66 mg/g) >PRE#: (1. 64 mg/g) >
StaE( 110 mg/g) o HEHEIKS ™ DFSE T 4 R ILTKAEY)
(v JREHE At PR XF As (R SEHRAE , L I DTKHL
Wikt As SRS SOK B As IR IE JES JfF T
WNEEIREL Zn 2555 N 2 56, X As 1 52 4 & & 4L R
F1nl LA it Al A f e A i, DN s UK AL
Xt As BAKIEALRE ) o 53 FE WIS T UK TG4 K
Kyt 7 42 R BB SRR 4 R A TU KA 36 1A 7 4 T 1Y)
LBRAEN R TR L % 4 5012 T ILR UK Y X 4R 1)
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Table 4 Enrichment coefficient of heavy metals by submerged macro-

phytes
UKt Cu Ph Zn cd
Submerged macrophytes
INEEE Myriop- 125 121 1515 247
hyllum verticillatum
FRHE Hydrilla 213/15.2" 360/4.9" 1320/7.1" 223/11.0"
verticillata
St Ceratop- 56" 4.7" 5.4" 5.6
hyllum demersum
i 5.1° 6.6 19.3" 19.7"
Vallisneria spiralls
5T Potamogetom - 70 249 645 383
crispus Linn
NI EE Najas minor 58 266 614 510
Je R F-2% Potamog- 107 156 1 050 120

eton pectinatus
T+ FORTUKRY TR R 4 1Y 5 28 280, A N UK
Xof 7K 4 S ) o A AR
Note: * indicates the enrichment coefficient of heavy metals in sediments
by submerged macrophytes, and the rest are the enrichment coeffi-
cients of heavy metals in water by submerged macrophytes
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20~48 d,f 3 Bt Wi KT 5 NP vk & 3 3k 2.7
27.4 mg/kg,

FHE " R IE B EDISE 3 Fhok A= 438 4 5
PE IR R R AR AR 2R B v AR MR, 25 SR R W R
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B4 0.1 mg/L B, KBRE A, BRI MR BN/ MR et
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B R EA K BUS A LR, 2V 34 55 B2 73 51 56% .
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Iy PR ZK A T AR IR 3 4 s T RS DAY,
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FE Il FH e 22 1) 2 FhUTK M9, 76 A 22 Kk s rh 24 1 Y
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iR S (I A0 UL ) SIE A b = e 11 o N e A e L b



49594

X RIEF AR K A S IAR R R R RS 69

By AR R AR . b BRI R AT IR T
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AR T MK AR
4 RE

DIKAE YR KA R G R IR C T T KEWR,
N RTUKFEINE B KRS RGEC Ll —Miass RN
EiSaEE N IS EE I (SN R RTW i B IV E s e % N B 2
BB M R0, BANEUUK A X 8 575k i i 52 72
JIE 3 EL AR 2K R LA B K o B 62 45 AR [, KD b A A i
BB TS S K AR B 75 Y Wik B I 0T L3 BH B8 /KO L RUTR 45
Kl EFEAE AR T KRB E . SN, D
KA TR B E N, TR EE T L. TTKAE
WA ZEMED GHE BRI  EEMINRZ . fEkIEAEDS
BEPEBAFEM S EEMHEEEN, EREEKAES RS
MR ERESE , B, FE4d UK Y A7 K R A4 2548 i,
THERSCEY R, e B R R TR YR,
5 e 4 AL AT (B R B, AN G R TR
AR 2T T AR T, 1 RS 7% R, ELS2 i HAb A 4
LR R . DRI, 7 WK A R RS 78 92 o 3 3 Rk A
B RE N LUE FH A R A SR8, TE AR S 1Y
ARG = T YGIRTTE T 8 2, PR DA A = K A
T B
53 3Tk

(1] =, RF5AN, X2, 55 S FiUKIEY B ae s SR RE R bt
FRLT ). INE R RIF,2016,42(4) :101-105.

(2] SR, XIS, AR, 5./ \ K AR # 8  HERE TS
WL ]. A4, 2006,25(5) : 541-545.

[3] KORNER S,NICKLISCH A. Allelopathic growth inhibition of selected phy-
toplankton species by submerged macrophytes [ J]. Journal of phycology,

2002,38(5) :862-871.

[4] HILT S(NEE KORNER) ,GHOBRIAL M G N,GROSS E M. In situ allelo-
pathic potential of Myriophyllum verticillatum (Haloragaceae) against se-
lected phytoplankton species[J]. Journal of phycology,2006,42(6) :1189—
1198.

[5] MULDERIJ G,SMOLDERS A J P,VAN DONK E. Allelopathic effect of
the aquatic macrophyte, Stratiotes aloides , on natural phytoplankton [ J ].
Freshwater biology,2006,51(3) :554-561.

[6] Z/ N, i IS, 6. i SRR A= 1B L R E
FALT]. PR R4, 2008, 28 (1) :2243-2249.

(7] VAL, BRI, BRI AL, 5. 7K AERE 8 I Z R i 1 3 R M LB IF
[J]. PRI 241, 1999,32(4) :69-73.

[8] Bt P Fom BB LR a5 /SRR Ga L) . iR, 1996, 8
(2):184-188.

[9] TKfEUE, MRk e, Mk, 5. 29 Pk AW R A A5 7K L e
W) ]. Al gelR SRR, 2019,36(3) :392-402.

[10] . R s K A=A P & 7 TR AR LN A K (A A R TR 5T

[D]. AL 22pll Az, 2010:52.

L] b, st , GIARaL , 55 S MT/AE R 72 RN T L
FH )] BRI, 2017,38( 1) :156-161.

[ 12] BBDT. HEK SHTKEYI A AR A FE [ ) ] ARl 2R R
(B R7HR) ,2018,34(6) - 104-107.

[13] mEEME, MR, RS & B T IR K AL IR B AT 5T
(3] AR, 2004, 15(8) 1447~ 1450.

[ 14] SBEN: , 2338, SROOR 5. 5D S A B KR S AR Z i
[J]. 457KHkK ,2018,54(S2) . 82-88.

[15] Esobk, EERE, 2508, 5. TELOH R & B TR T
SR ] BRI ( BRI ,2006,29(4) < 111-116.

[16] XBT. ELFHE M S HEAGES SRR RAIRIA 1] R he 4
(EIZRIEARR) ,2018,34(7) :36-38.

[ 17] ERNIEY, 258, S 5. 6 FINT/AAE I A GEE LA T R AT
FELT] AR ERTRR2417, 2008,27(3) < 1134-1139.

(18] LGRS BFIRE 454, 5. IR S SR BN i S e g i 7
[J]. 7KEAE4R,,2008,32(3) :408-412.

[19] Zr2y WA, s SR o S R R AL TS T AL
0D D, R AR, 2003, 14(4) :627-631.

[20] Fros , L VA, 5. TUKIEYIN B GJE5  PH SRR
TRRUEERERLT ] IR 2R (3R ,2016,43(5) :601-609.

[21] KESKINKAN O,GOKSU M Z L,BASIBUYUK M, et al. Heavy metal ad-
sorption properties of a submerged aquatic plant ( Ceratophyllum demer-
sum) [ J]. Bioresource technology,2004,92(2) :197-200.

[22] BUNLUESIN S, KRUATRACHUE M, POKETHITIYOOK P,et al. Batch
and continuous packed column studies of cadmium biosorption by Hydril-
la verticillata biomass[ J]. Journal of bioscience and bioengineering 2007,
103(6) :509-513.

[23] SIVACI A,ELMAS E,GUMUS F,et al. Removal of cadmium by Myrio-
phyllum heterophyllum Michx. and Potamogeton crispus L. and its effect on
pigments and total phenolic compounds [ J]. Archives of environmental
contamination and toxicology ,2008,54(4) :612—-618.

[24] LESAGE E,MUNDIA C,ROUSSEAU D P L,et al. Sorption of Co,Cu,Ni
and Zn from industrial effluents by the submerged aquatic macrophyte
Myriophyllum spicatum 1. [ J]. Ecological engineering,2007,30(4) :320—

325.
[25] FREER. JUKIEPIRS RIS SERE MR D 1. BUH - ATy,
2014:143.

[26] Pfitgbk, BREIZE. J LRl LKA i e SRR T dE R [T ] A= T
FE#41,2020,36(3) :407-415.

[27] SKIKIT, Zh%a, 0L, 5. 3 MK MRS 7K A o < B 2 SR i
Uattoe )], FHHEE R R, 2012,21(5) :T84-T93.

(28] WHIRE , ZEE04T , 0%, . = FiU/KIES Cu P 55 A5 BYRIE Y
EERCRT]. AEREERlF#4,2016,35(4) . 757-763.

[29] ZEE. J UMUK e R S SHEE (ERIIFEL D). 4
A TGRS, 2013:59.

[30] ZHANG Z,WU Z B, HE L. The accumulation of alkylphenols in sub-
mersed plants in spring in urban lake,China[ J ]. Chemosphere,2008,73
(5) :859-863.

[31] HEINIS L. J,KNUTH M L,LIBER K et al. Persistence and distribution of
4—nonylphenol following repeated application to littoral enclosures[J].
Environmental toxicology and chemistry,1999,18(3) :363-375.

(T#% 9% 1)



94 B A

2021 &£

FER ST L) A B 55 95 1 MS TR s AR SR 0k I T%
AN B G A B o R, B R . AR
TRIXS I RS PR, 265 2 X MS, X U FHIZ XS S 7 7E MS Ji&k
Yo SRR AT 5, o] UE— 25 I R 25 0 X I PRIR YT g
FHs 1EMH .

ZIFFER AR PCR ORI 5 0k AR | 2 i v ) b 25 51
I A, Al B IS AR B T B R B R RS
FIE R Laverman 25 (FERRES |19y, 81 35 55 35
S5 L, RABE Ny 82% , KR Sk ik 100%, i id PCR
D1 B E NGRS MS YL

TEIWGRIRTT TR X HAYT AR T 25 UKL, DAk BEA AL
BT 259 , B 1k 25 W0TR 3% , 15 23R 9T AR, AR A BE 5 4
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