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Abstract; As the smallest flowering plants, duckweeds are easy to accumulate biomass due to their rapid asexual
propagation. Moreover, their accumulated biomass is rich in starch and protein, which can be used for feed applica-
tions and biofuels. Besides, they are widely distributed in a variety of climates all over the world with their strong
adaptation to various environments. Based on above mentioned characteristics, duckweeds are widely used for the

production of biofuels, test of eco-toxicity, and bioremediation of polluted water. Here we reviewed the current sta-
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tus of duckweed application in bioremediation of polluted water, focusing on the uptake and accumulation of nitro-

gen and phosphorus, heavy metals, and organic pollutants by duckweed. Then we presented some research challen-

ges and proposed future directions of duckweed research. Further studies should explore the removal mechanisms

of pollutants by duckweed, and optimize duckweed-based wastewater treatment technologies with emphasis on im-

proving performance and expanding its application in large scale settings, especially in terms of technical, environ-

mental-friendly and economically competitiveness. This provides scientific basis for the practical application of

duckweed in polluted water bioremediation.

Keywords: duckweed; bioremediation; nitrogen and phosphorus; heavy metal; organic pollutants
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W RN )24 e BB P, R LK I, L. aequi-
noctialis T¥3%§ Pb BB AF& 208 Jy 207 fe, H:
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3 FHEXEHIT RS R H B R ( Uptake of or-
ganic pollutants by duckweed)
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BB W B A R AR | i HA (3 Wy A B | 2
I ES XU (S I N0 e e i Sow | e
fa e, PRI, mR A KBRS AL 25T Bk PR o
EERIREE 7/ ORI ES oA 9 53 N

TS R I, 77 167K A LTS Y P 1 3
BAB S 26 ) HEA — &R E RS, il L
AR BRI AT, HRERIE T L mi-
nor XATHLTS G WA i 52 68 1 DL R 36 i B s 7
PERYIRZ A WA, 2K k27 S (COD)
<400 mg- L'}, L. minor 314 52 B AL i385 247K
H COD ik 800 mg- L' i, L. minor & N 1% PESA AT
SEALY B BT E AT AT Ak e A G, 2 i Bk
J& , L. minor WIATCAE AL B 28 GE RE S K 52 1E.# 7K
2ok COD @i (=1 000 mg-L7™"), 1% M A 20
TR BRI R G S AR S TR
XFA LTS G BA R T 32 68 ), A D BESE & TT iR
FEXSPRSEM SR T A LTS G ) R TTIF 5T, LA A ]
TR A LTS JoK R AT B0, A TSR3, T
P RE RS I RN BRSO A T (9 22 Rl LTS G, ek

FAR2E G 25 RS A3 517 i (PPCPs) ™) A B .
Tl A 5

EJANTT A W R A 1) B 4 JE AR L, TR RN g
A RO MORR R A Ak 2 i, i Rt LR i i Aol A
B K & E WA 45, Dosnon-Olette
P10 pg- L AN BE RN 80 g - L' A w0 H B Xt
L. minor #4174 d (2785 3550, %1 L. minor %f
S DA R B M 4 2 e o R Y S BR AR, e B
L. minor % 5P REFIELH B ) 22 B 2853 51 h 25% Fil
8% , HoXT 2 FPRREL ) LERACR M 22 R Al e 51 &9
1) 1F =F - 7K 43 L R 5K (log K, ) A5G, Olette %5 L1
BT L. minor, J* )Rk ¥ (Elodea canadensis) Fll ¥% 4> fh.
¥ (Cabomba aquatica)iX 3 F 7K A HE 1) X B R i) A1 M
T Py bk (2 i 235 T 7510 ) AR I M ik o (I 051 ) A 2 R
S WG R B, 3 bk AR A 34 RE W R — R R K
2y, KBRRILEI N 2.5% ~50% ; # LT HoAlh 2 Aok
HAEY), L. minor Xf 3 FhA A1 £ BRRICR B, 73 %]
H50% 11.5% A1 42% . Yilmaz Al Tas®' PEM 0 #r
T L. minor X} SR A ER B Z 3 01 &L, L. minor X
FUHBEIR M L BR %N 354% ~95.9% . K58 IE
W, Z R e B KRR 200 1 (B[R FR S 0
PXF T ] 4R 245 114 W W BE ) A7 AE 2% 5. Dosnon-
Olette 25X} 2 FfyEME(L. minor FI S. polyrhiza) 2<%
JEE K Hh o TR R 1Y) B8 O AT T PR AG 45 R WOR
L . minor Fl S. polyrhiza %} {5 Y& W) i £ K 2 Bk & 43
BN 41 pg-g 26 ng-g (BETE), HIF NG Y
Py i i 5 ) If 28 B MR BE 52 IE A OC . Prasert-
sup Fil Ariyakanon'7E i % K5 L. minor /KT
TE(P. stratiotes) VAN [l R B #E AL MR B L BRAE T, 45 2R
Won, R E (0.1 mg-L7" 0.5 mg-L7") BT
X L. minor Fll P. stratiotes 1 4=+ JC 8. 35 5 ), i ik
JE(l mg L) B &S Mf A K H Y #5E w2 57
WrE 705 mg-L™'B}, L. minor I P. stratiotes %} H: 2%
BrR a4k 87% 1 82% . WAL, A5 & &
PR 38 3 5 100 A4 R R B8 2 4 ) R A B e T X
A 25 52 M T 3G SR FLIR UK BE T . Panfili %7 BFSY
K, 5RAAFN L. minor HI LY | 28 A ¥y 345 A1
GAFNALI L. minor XK H BRFFRE T HA L BR
S ORSIE =N

PPCPs J&— Bl i ey, ZEAFEHTER 1k
JZ) TH AR RS B ) 45 AT H ek
HIA AT5 K AL 38 T 2008 DIk He e 4 L Bk, R B0H
43 PPCPs 275 YL Wy {75 7K Ab BT H 7K B 4 Bl a) 2
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Hes AR EREE R, BRI, BE ZFIOK B A
i PPCPs 5% 84, HH AR R B — B h ng - L7 81 pg -
L™ Z [ A WIER 2R R A BRI
/K PPCPs 1Y% /7, Singh 25 BF 5% & B, B 55 7§
MAE S. polyrhiza 4k B2 FAE A= W % B 41 v 1 25 B
T 84.6% ~ 100% F1 62.1% ~ 73% , i} HH
S . polyrhiza X PZEPUMRBA —E B LFREE ST lat-
rou SF"HRGE T L. minor X 4 FhT TR I 1) 25 BRACR
K HAHU BFFE 28] L. minor % 4 R0 1Y £5&
BRIy AR AR E R (100% ) A (96% ) . H 4
R IE (59 % ) ek i TR (73% ), P g | T
SAU G R I VR e P I 3 Fhf b A G 25 BRBILA LA
RPN A 5, BB AT UL VR 2 Fl PPCPs
A EBRET, HEA —E MG R, 1A, Y
PUAE R AP R i 2 P BRI R & A AR
1k, s =t A A9 L BRBETT . Gomes 41
W FIE &R, W RN VD B S E L. minor
WP R A% s E R I 0, 5 R A ALY
R o NI PR E e A b (A E N R $7 e s T =R T
WRE ST, PR R R T BR N T B 0 L BRAE T

W TR PN TR 24 PPCPs 2545 AL Y5 Ye Wy i 2
BRACR AT, W58 3 T R T T 3 2 5 e A Ak 2
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BROKAR ) S PRI =2 qb & W) (R I — e 4-H
FE-TH-ZRJF = 5-FRE-TH- R =k | RO = e
FS-GEOR I =), 5 R R AL RS,
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W 5 - AR = s <HI 2RI =<5 - JE- TH-R I
MR e <4 I TH-ZR I s HLARE A R U
SRR RATT =R A G W ) FEALH] . Zhang
Al Liang™ b3 TG HL T L. minor Xf 8 45
BE IR I L BRACR IR A5 R W, L. minor %+ — %
CLR 2B 2 E TR N 42 o LR R A5 K A 4
BRI £ R R 95% , T AT 490 T R & UK
iR AT T e IR A 4 R o it R 5 o e 4 TR e TR
MRS ; H2 8 2 85, L. minor i N 4=
SRR AR RE T K 14.4% , KIS, BF5EEA]
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PSR R AL, 25 R R WY, 68 14 d J5, TR MEXS
200 g~ L4 F S KR At i i WO R R R 86.7
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L. minor X} WV F L W5 Mt 1B e J1, 25 R R,
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TP AT DA R0 B sl B3 it A i vh 45 2R S AL B0 .
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R RBREE T, MFsE R, it 120 d b3S, 5 X
HEZH I HIAF HE(11.46% ), WS Nl L. paucicostata 13 Hi
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4 FRE(Prospect)

7P PR RS IV RE 0 PR SR A
JE A HLE G S A B E e, H AT
IEE W KA TS YAE B 5 RS ARk £
XV T B FE AT FE RN SR TR S T 38K
E R TS YRR 0 A BB T T R ¥ T 27 1
MIVER ., FEEISN, CAF — 2695 KA LS R B0 T
MK R G L A, IEA T — R 51 H]
FHER AT 15 KA R 2 R HOAR ; TR AR PR R e B
B E IR R R ) o T KA B B AR R Z
00 R AL RS KRB KA o A= A Ak
BRI EAE E  — A~ S 0 & SR Iy ), (H 3] B HT R
1R PEPEAE AR SC Ak b N A A AEFEAR Z2 Bk K
A fpiE—2P 05T

(W) BT, B NN C S T Yok IR IE 2 1
TR BB Be R 2807 8 AL T8 R EIRAS
FETETEPF T B AN RO B T 405 (0 i bt o 25 5,
VSIEREE L/ RiiR i NI S =91 R 52 S i
A JE TR EE MR A R A e RE RS
ar IR 5 TR Y 7 A B CTS G ) S T
M, ST S IR A R —

)% T 41 5 4 Jm XTI v AT R i B MR AE
FH, PRUHCAE AR SR I 58 v I 3 0 308 e o o 4
SENVA= WAL INEEE//E A8 K EE R/ BUK c Y SN RE R i
2 AT F IR S HA K A AR & 55 5%, 7290 K
FEA R AE AR AN [ o e 4 S (R W g o, B sk
WBEEHCR, BEAh WA T 2 o 5L P TR A
HAUEFRHOR B = PR A 1 = AR R

B) HHTE X 72 P8 A DTS 4L 4 J7 T W BF oY



82 tx #F

i

S ¢ 17 E

PRART > | BT 20T P XA AL TS B A
WA SR BE T T T, T LR A AR A AL 1 R A A
P, A 2R AR TR LTS B TE B A IR
TR SAEALHL 30T T B W1 25 2 AL TS S i vk
TEA 25 RS FLAT T B8 S, [R] It B 68y 35 7K 3 B
Pt TRk

@)FEX P B 215 QUK IR IS R 2 R IR T
SCYEE NESE, th T % N TR PR R B IR AR R 5K
PRi5 K DUAFAERR 28 5, R M3k BEAIF 50 A 12 LA e
BRPPAG I PR T SEPRT5 K B RE T . TEARSKAT A
TSP 15 KO0 PRI 1 5 R S 2 E AT — P AR
G, KA B T S A 1 i 7 P A S B A 3
T AR TP K A B A A T T

BIREE R A (1988—), %, 1+, L5, T 2MEF
W AT R FAT AR A

£ % 3Lk ( References) :
[1] Kookana R S, Drechsel P, Jamwal P, et al. Urbanisation
and emerging economies: Issues and potential solutions
for water and food security [J]. Science of the Total Envi-
ronment, 2020, 732: 139057

Hu H, Li X, Wu S H, et al. Sustainable livestock
wastewater treatment via phytoremediation: Current status
and future perspectives [J]. Bioresource Technology, 2020,
315: 123809
WEORPY H - Bl . AP B R RLAE R B R
L], B2 AR S 3R BLEE, 2020, 1(24): 29-31
FPRHE, AVGEE. 16 BRI ST {5 Qe Sk (U B B HOR
0. P E AL AR, 2013, 21(2): 261-266
Wang Q H, Que X E. Phytoremediation: A green ap-
proach to environmental clean-up [J]. Chinese Journal of
Eco-Agriculture, 2013, 21(2): 261-266 (in Chinese)
[5]1 Markou G, Wang L, Ye J F, et al. Using agro-industrial
wastes for the cultivation of microalgae and duckweeds:
Contamination risks and biomass safety concerns [J]. Bio-
technology Advances, 2018, 36(4): 1238-1254
Donald H L, Daniel J C, Elias L, et al. Phylogeny and
systematics of Lemnaceae, the duckweed family [J]. Sys-
tematic Botany, 2002, 27(2): 221-240
i, BOBKE, 2580, S R HABESR R v I . B
SRR, 2021, 66(9): 1026-1045
Yang J J, Zhao X Y, Li G J, et al. Research and applica-
tion in duckweeds: A review [J]. Chinese Science Bulle-
tin, 2021, 66(9): 1026-1045 (in Chinese)
Ali S, Abbas Z, Rizwan M, et al. Application of floating

[6]

(9]

[10]

[12]

(13]

[14]

[16]

[17]

aquatic plants in phytoremediation of heavy metals pollu-
ted water: A review [J]. Sustainability, 2020, 12(5): 1927
ZERE. VoK AL PR A R o LS A B ST A R ). B
TRLEA I, 2020, 38(6): 105-107

Li Y. Research progress of nitrogen and phosphorus re-
moval processes in wastewater treatment [J]. China Re-
sources Comprehensive Utilization, 2020, 38(6): 105-107
(in Chinese)

Toyama T, Hanaoka T, Tanaka Y, et al. Comprehensive e-
valuation of nitrogen removal rate and biomass, ethanol,
and methane production yields by combination of four
major duckweeds and three types of wastewater effluent
[J]. Bioresource Technology, 2018, 250: 464-473

Liu Y, Xu H, Yu C J, et al. Multifaceted roles of duck-
weed in aquatic phytoremediation and bioproducts synthe-
sis [J]. GCB Bioenergy, 2021, 13(1): 70-82

Priya A, Avishek K, Pathak G. Assessing the potentials of
Lemna minor in the treatment of domestic wastewater at
pilot scale [J]. Environmental Monitoring and Assessment,
2012, 184(7): 4301-4307

U, 8, PR, 55, AR S Y K 1Y
A S BER LR BE I [J]. I 5 BRI AR W 4k, 2018,
24(6): 1324-1329

Li Q, Fang Y, Xu Y L, et al. Duckweed Landoltia puncta-
ta purifies micro-polluted surface water and produces
starch [J]. Chinese Journal of Applied and Environmental
Biology, 2018, 24(6): 1324-1329 (in Chinese)

W, KK, FEARRR, 4E. 3 FR e E IR KRR &
1] 3% T REZEAR, 2016, 10(5): 2447-2453

Xie M, Zhang F, Zhang Y Y, et al. Effect of three duck-
weed species on remediation of eutrophic water [J]. Chi-
nese Journal of Environmental Engineering, 2016, 10(5):
2447-2453 (in Chinese)

Yilmaz D D, Akbulut H. Effect of circulation on
wastewater treatment by Lemna gibba and Lemna minor
(floating aquatic macrophytes) [J]. International Journal of
Phytoremediation, 2011, 13(10): 970-984

RIS, A, T SCHE, S AN [l R SR R K 55
A KRBT [T]. P55 TR 23R, 2015, 9(3): 1103-
1108

Gu X J, Yang C, Wang W G, et al. Influence of livestock
wastewater concentration on growth of common duck-
weed (Lemna minor) [J]. Chinese Journal of Environmen-
tal Engineering, 2015, 9(3): 1103-1108 (in Chinese)
Jayashree M, Muthukumar B, Arockiasamy D I. Efficien-
cy of Spirodela polyrhiza (L.) Schleiden in absorbing and
utilizing different forms of nitrogen [J]. Journal of Envi-
ronmental Biology, 1996, 17(3): 227-233



42

SR PP PELE KRS Qe 52 v () N WSS 0 83

[18]

[19]

(20]

(21]

(23]

[24]

[25]

[27]

(28]

TOARRE, BkD5, 91K, &5 IR RIE S A3 )
SERHERTIE]. L E R, 2006, 37(3): 505-508

Shen G X, Yao F, Hu H, et al. The kinetics of ammonium
and nitrate uptake by duckweed (Spirodela oligorrhiza)
plant [J]. Chinese Journal of Soil Science, 2006, 37(3):
505-508 (in Chinese)

van Echelpoel W, Boets P, Goethals P L M. Functional re-
sponse (FR) and relative growth rate (RGR) do not show
the known invasiveness of Lemna minuta (Kunth) [J].
PLoS One, 2016, 11(11): e0166132

Griffith A P, Epplin F M, Fuhlendorf S D, et al. A com-
parison of perennial polycultures and monocultures for
producing biomass for biorefinery feedstock [J]. Agrono-
my Journal, 2011, 103(3): 617-627

Crawford K M, Whitney K D. Population genetic diversi-
ty influences colonization success [J]. Molecular Ecology,
2010, 19(6): 1253-1263

I, WA, PR, 5. TF 2 RN B E SR ALK IR
HALRCR IR [J]. 77 Al A 4K, 2017, 48(2): 259-
265

Li Y, Cheng J Y, Zhong Y, et al. Effects of duckweed di-
versity on purifying eutrophic water [J]. Journal of South-
ern Agriculture, 2017, 48(2): 259-265 (in Chinese)

Zhao X, Moates G K, Wellner N, et al. Chemical charac-
terisation and analysis of the cell wall polysaccharides of
duckweed (Lemna minor) [J]. Carbohydrate Polymers,
2014, 111: 410-418

ARz, ANTFZEHLK A A W) 2 & 5 BR R B RCR [, &%
@R, 2018(10): 73-76, 84

Ishizawa H, Kuroda M, Morikawa M, et al. Differential
oxidative and antioxidative response of duckweed Lemna
minor toward plant growth promoting/inhibiting bacteria
[J]. Plant Physiology and Biochemistry, 2017, 118: 667-
673

Chen G K, Huang J, Fang Y, et al. Microbial community
succession and pollutants removal of a novel carriers en-
hanced duckweed treatment system for rural wastewater in
Dianchi Lake Basin [J]. Bioresource Technology, 2019,
276: 8-17

Ishizawa H, Ogata Y, Hachiya Y, et al. Enhanced biomass
production and nutrient removal capacity of duckweed via
two-step cultivation process with a plant growth-promo-
ting bacterium, Acinetobacter calcoaceticus P23 [J].
Chemosphere, 2020, 238: 124682

ook, Fa R IT R BUR R HE 3T BT T5 YR BT
T[], o E R IRSE AR, 2019, 37(10): 148-150
Ma J. Research on the current situation of heavy metal

pollution and the method of environmental pollution con-

[29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

(40]

trol under the new situation [J]. China Resources Compre-
hensive Utilization, 2019, 37(10): 148-150 (in Chinese)
Rezania S, Taib S M, Md Din M F, et al. Comprehensive
review on phytotechnology: Heavy metals removal by di-
verse aquatic plants species from wastewater [J]. Journal
of Hazardous Materials, 2016, 318: 587-599

Martin-Lara M A, Blazquez G, Trujillo M C, et al. New
treatment of real electroplating wastewater containing
heavy metal ions by adsorption onto olive stone [J]. Jour-
nal of Cleaner Production, 2014, 81: 120-129

BT, A TLAR, RRAR 1. TRV AE SR EE 4P s ) 1o
EE kR T). 358 T8, 2015, 33(S1): 306-309

Cui J W, Cui W H, Hao C B. The research progress in ap-
plication of duckweed in environmental preservation [J].
Environmental Engineering, 2015, 33 (S1): 306-309 (in
Chinese)

Zhou Q, Lin Y, Li X, et al. Effect of zinc ions on nutrient
removal and growth of Lemna aequinoctialis from anaero-
bically digested swine wastewater [J]. Bioresource Tech-
nology, 2018, 249: 457-463

Guimaraes F P, Aguiar R, Oliveira J A, et al. Potential of
macrophyte for removing arsenic from aqueous solution
[J]. Planta Daninha, 2012, 30(4): 683-696

Uysal Y, Taner F. Bioremoval of cadmium by Lemna mi-
nor in different aquatic conditions [J]. CLEAN -Soil, Air,
Water, 2010, 38(4): 370-377

FERRTS, R KR 4 R s Y A ST I S 0],
ek, 2014, 31(1): 71-74

Jiao Y N, Zhu H. Research progress in phytoremediation
for heavy metal pollution [J]. Journal of Biology, 2014, 31
(1): 71-74 (in Chinese)

Chen D Q, Zhang H, Wang Q L, et al. Intraspecific varia-
tions in cadmium tolerance and phytoaccumulation in gi-
ant duckweed (Spirodela polyrhiza) [J]. Journal of Haz-
ardous Materials, 2020, 395: 122672

Zhao Z, Shi H J, Duan D Z, et al. The influence of duck-
weed species diversity on ecophysiological tolerance to
copper exposure [J]. Aquatic Toxicology, 2015, 164: 92-
98

Zhao Z, Shi H J, Liu C Q, et al. Duckweed diversity de-
creases heavy metal toxicity by altering the metabolic
function of associated microbial communities [J]. Chemo-
sphere, 2018, 203: 76-82

Stout L M, Dodova E N, Tyson J F, et al. Phytoprotective
influence of bacteria on growth and cadmium accumula-
tion in the aquatic plant Lemna minor [J]. Water Research,
2010, 44(17): 4970-4979

SRR, UM RO S A SRR IR SE D). A



84

S ¢

%17 %

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[49]

Y #°F, 2010, 35(10): 68-70

WPy, WECIH, A SR, A5 TR EAE T A R S dok k7
T AR HI[CY/ RS R 22 e R T AR O 2. i
PREERL 2722 2019 ARERMEHORAE 2 PRI TREHOR A
B R FHAMEIEIE SR (). P IR Rl 2,
2019: 7

FFFIR. G SRS B — IR A A HI L 4 /4 52 6 [ D]
i H BRI, 2005: 61-65

Wang X J. Effect of copper, chromium and nickel single
and combined pollution on several plants [D]. Qingdao:
Qingdao University of Science & Technology, 2005: 61-
65 (in Chinese)

Bokhari S H, Ahmad I, Mahmood-Ul-Hassan M, et al.
Phytoremediation potential of Lemna minor L. for heavy
metals [J].
2016, 18(1): 25-32

MR 28, J7 8, B3, 5. 7% ¥.(Lemna aequinoctialis) T
KRS PO B[] BT S PR AR 2R 4R, 2013, 19(6):
1046-1052

Chen L C, Fang Y, Jin Y L, et al. Biosorption of Pb>" by

dried powder of duckweed (Lemna aequinoctialis) [J].

International Journal of Phytoremediation,

Chinese Journal of Applied and Environmental Biology,
2013, 19(6): 1046-1052 (in Chinese)

IR, G, BhEE, G5 2 FRVRIET X Cd™ Y MR
BE[T]. VLA BI2E, 2017, 45(15): 248-254

Megateli S, Semsari S, Couderchet M. Toxicity and re-
moval of heavy metals (cadmium, copper, and zinc) by
Lemna gibba [J]. Ecotoxicology and Environmental Safe-
ty, 2009, 72(6): 1774-1780

Cvjetko P, Toli¢ S, Siki¢ S, et al. Effect of copper on the
toxicity and genotoxicity of cadmium in duckweed (Lem-
na minor L.) [J]. Archives of Industrial Hygiene and Toxi-
cology, 2010, 61(3): 287-296

Abdallah M A M. Phytoremediation of heavy metals from
aqueous solutions by two aquatic macrophytes, Cerato-
phyllum demersum and Lemna gibba L. [J]. Environmen-
tal Technology, 2012, 33(13-15): 1609-1614

Teixeira S, Vieira M N, Espinha Marques J, et al. Biore-
mediation of an iron-rich mine effluent by Lemna minor
[J]. International Journal of Phytoremediation, 2014, 16(7-
12): 1228-1240

TR, KBIH, WRENME, 5. sSsoK W K Y
A JE AR WA DU TR AR, 2014, 36
(11): 114-118

Wang F Z, Song X J, Xu J H, et al. Absorption and accu-
mulation of heavy metals by aquatic plants in lakeside
zone of Moshui Lake [J]. Journal of Wuhan University of
Technology, 2014, 36(11): 114-118 (in Chinese)

[51]

(52]

(53]

(58]

(60]

(62]

Torok A, Gulyas Z, Szalai G, et al. Phytoremediation ca-
pacity of aquatic plants is associated with the degree of
phytochelatin polymerization [J]. Journal of Hazardous
Materials, 2015, 299: 371-378
Singh N K, Raghubanshi A S, Upadhyay A K, et al. Ar-
senic and other heavy metal accumulation in plants and
algae growing naturally in contaminated area of West
Bengal, India [J]. Ecotoxicology and Environmental Safe-
ty, 2016, 130: 224-233

Romero-Hernandez J A, Amaya-Chavez A, Balderas-
Hernandez P, et al. Tolerance and hyperaccumulation of a
mixture of heavy metals (Cu, Pb, Hg, and Zn) by four a-
quatic macrophytes [J]. International Journal of Phytore-
mediation, 2017, 19(3): 239-245
Liu C G, Gu W C, Dai Z, et al. Boron accumulation by
Lemna minor L. under salt stress [J]. Scientific Reports,
2018, 8(1): 8954

Rai P K. Heavy metals/metalloids remediation from
wastewater using free floating macrophytes of a natural
wetland [J]. Environmental Technology & Innovation,
2019, 15: 100393
KAl KA LTS G IR B R B SR (D], BRI
2017(8): 148
XMk, sk, BRAR, 45, A HLTS gL a XN T b
PEHUARAL R GBI (1], BRI TR A4, 2013, 7(9):
3296-3300
Liu E, Zhang J, Wei R, et al. Effect of organic pollutants
stresses on antioxidant defense system of duckweed
(Lemna minor) [J]. Chinese Journal of Environmental En-
gineering, 2013, 7(9): 3296-3300 (in Chinese)
Sikorski t,, Baciak M, Bes A, et al. The effects of glypho-
sate-based herbicide formulations on Lemna minor, a non-
target species [J]. Aquatic Toxicology, 2019, 209: 70-80
Singh V, Pandey B, Suthar S. Phytotoxicity of amoxicillin
to the duckweed Spirodela polyrhiza: Growth, oxidative
stress, biochemical traits and antibiotic degradation [J].
Chemosphere, 2018, 201: 492-502
Gatidou G, Oursouzidou M, Stefanatou A, et al. Removal
mechanisms of benzotriazoles in duckweed Lemna minor
wastewater treatment systems [J]. The Science of the Total
Environment, 2017, 596-597: 12-17
Ekperusi A O, Sikoki F D, Nwachukwu E O. Application
of common duckweed (Lemna minor) in phytoremedi-
ation of chemicals in the environment: State and future
perspective [J]. Chemosphere, 2019, 223: 285-309
Dosnon-Olette R, Couderchet M, Oturan M A, et al. Po-
tential use of Lemna minor for the phytoremediation of

isoproturon and glyphosate [J]. International Journal of



42

SBUAT PR KT S YA 52 v (IS i 85

[63]

[64]

[67]

[69]

Phytoremediation, 2011, 13(6): 601-612

Olette R, Couderchet M, Biagianti S, et al. Toxicity and
removal of pesticides by selected aquatic plants [J].
Chemosphere, 2008, 70(8): 1414-1421

Yilmaz O, Tas B. Feasibility and assessment of the phy-
toremediation potential of green microalga and duckweed
for zeta-cypermethrin insecticide removal [J]. Desalination
and Water Treatment, 2021, 209: 131-143

Dosnon-Olette R, Couderchet M, El Arfaoui A, et al. In-
fluence of initial pesticide concentrations and plant popu-
lation density on dimethomorph toxicity and removal by
two duckweed species [J]. Science of the Total Environ-
ment, 2010, 408(10): 2254-2259

Prasertsup P, Ariyakanon N. Removal of chlorpyrifos by
water lettuce (Pistia stratiotes L.) and duckweed (Lemna
minor L.) [J]. International Journal of Phytoremediation,
2011, 13(4): 383-395

Panfili I, Bartucca M L, del Buono D. The treatment of
duckweed with a plant biostimulant or a safener improves
the plant capacity to clean water polluted by terbuthyla-
zine [J]. Science of the Total Environment, 2019, 646:
832-840

Wang H, Xi H, Xu L L, et al. Ecotoxicological effects,
environmental fate and risks of pharmaceutical and per-
sonal care products in the water environment: A review
[J]. Science of the Total Environment, 2021, 788: 147819
Peng F J, Pan C G, Zhang M, et al. Occurrence and eco-
logical risk assessment of emerging organic chemicals in

urban rivers: Guangzhou as a case study in China [J]. Sci-

[70]

[71]

[72]

[74]

[75]

[76]

ence of the Total Environment, 2017, 589: 46-55

Iatrou E I, Gatidou G, Damalas D, et al. Fate of antimi-
crobials in duckweed Lemna minor wastewater treatment
systems [J]. Journal of Hazardous Materials, 2017, 330:
116-126

Gomes M P, Gongalves C A, de Brito J C M, et al. Cipro-
floxacin induces oxidative stress in duckweed (Lemna mi-
nor L.): Implications for energy metabolism and antibiot-
ic-uptake ability [J].
2017, 328: 140-149
Zhang W L, Liang Y N. Removal of eight perfluoroalkyl

Journal of Hazardous Materials,

acids from aqueous solutions by aeration and duckweed
[J]. Science of the Total Environment, 2020, 724: 138357
Zhang W L, Liang Y N. Interactions between Lemna mi-
nor (common duckweed) and PFAS intermediates: Perflu-
orooctanesulfonamide (PFOSA) and 6:2 fluorotelomer
sulfonate (6:2 FTSA) [J]. Chemosphere, 2021, 276:
130165

Can-Terzi B, Goren A Y, Okten H E, et al. Biosorption of
methylene blue from water by live Lemna minor [J]. En-
vironmental Technology & Innovation, 2021, 22: 101432

Ekperusi A O, Nwachukwu E O, Sikoki F D. Assessing
and modelling the efficacy of Lemna paucicostata for the
phytoremediation of petroleum hydrocarbons in crude oil-
contaminated wetlands [J]. Scientific Reports, 2020, 10(1):
8489

s, Bk, B, S IE A TE K A AL T i
JE M RER[]. HEWeAaE R, 2016, 51(6): 4-7 .



