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Abstract; As a typical class of emerging contaminants, pharmaceuticals and personal care products (PPCPs) have
attracted widespread attention, due to their frequently detection in various environmental matrices, and their poten-
tial risks to ecological system and human health. Based on plants, phytoremediation is applied to remove pollutants
with biological processes driven by solar-power. Due to its unique advantages of low energy consumption, low cost

and environmental friendliness, phytoremediation is commonly used for wastewater bioremediation. As a model or-
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ganism for phytoremediation, duckweed are the smallest flowering plants with simple structure and easy to accumu-

late biomass with rapid asexual propagation. Besides, duckweed exhibit strong adaptation to various environments

and well performance in wastewater bioremediation. Herein, we reviewed the research advances on the application

of duckweed in PPCPs bioremediation, focusing on the bio-adsorption, bio-uptake and biodegradation of PPCPs by

duckweed. Then we presented some research challenges and proposed future directions of duckweed research. This

systematic review provides scientific basis for the practical application of duckweed in bioremediation of PPCPs in

environment.

Keywords: pharmaceuticals and personal care products; duckweed; bio-adsorption; bio-uptake; biodegradation

25 A4~ A4 B i (pharmaceuticals and personal
care products, PPCPs) 45 H T 1Bl 8 iG )7 A3l
Wi (2590 , LA R A v A 0 o 1 A4 B
25 AR PR ANE FHER AL, Al o i A R 26 AE
S [ BB A 24 ER B P A AR R ol Al B
STZH B-BETAE A AP L FE AT R W
BB AR K TR 5 A R RN 5 A B A AR
Ve 5 N0 2h B UIAH G 1) — 245 %), PPCPs 1E
i AK HB T 7K R KRR V5 7K 45 22 Rk IR
WA W ETE N ng- L' ~ pg L' PPCPs
AL 25 A R BT R OK AR B A TE TS
KB WO K= FREEY T5 KA B K B SE
Ui U8 W RN A% T A28 I 5 22 P A2 i0F 32 4K 3R
B A, g AR Eh Y IR A PPCPs, A /N
FRAT REAE A IR AR % 1L, 40% ~ 90% 23 LR 1A
G Pl T A AT 3K 28 PR AN 2 HE 3 K
WEErh U B AR A, K& PPCPs $34%
AW AT R AT G, K EREE
5% EA 1) PPCPs, 235 [ /K AE A= W A= #ad F ad i
AEFER TR N S W T RE A LAk, #83 PPCPs
STEAYRNE R, SR 8 Yk () %38, 520
NS KIABE RS PPCPs {5 6B RS
FIN At e 15 B v 72 W, DXL L ik 15 Jin 5 PPCPs 14
15 YA IR T AR BR PPCPs 19T i o

A 05 LTS5 K AL BE T 2 Wi gE | W =R 22 5
%, FEE LT S 1 (COD) A= L 77 4 & (BOD;)
GG Y s s T it, TE R KA R E
PPCPs fi P, AHXFT T, B as U | T 1 e WA o A B
AEALSE T X PPCPs 11 2 BRACR BT, 0 [F] B £
Bifi 5 — o R AR XU, L3 132 11 P AE S i A R
il 7 I — 25 RN S AR, LI
SR 38 K FH BRI Bl 0 A 0 B 2 B T Gl W ) A
WHEEFR I EA BERERA AR FREE A U755
MAEIL, H 5512 KED ) KA TR Y T

PR E S b IS AR DL R W AR i
(Lemna minor) . %875 1% % (Spirodela polyrhiza) .’V 3
48 M. (Landoltia punctata) i K% ¥ (Lemna aequinoc-
tialis) F1FEHE( Wolffia globosa), T7HEARAIGH/IN , 25 #
frBRL, Do B TR P, 6 PR BT 0 Y 3 1 B
T, A TR RO AR P BT LB,
TEPEAAT DL R B A 5 R Eh L B B A R
TG Y)  IERTAR L TS e AR R AT A
PPCPs S A WLI5 Y HAT — 2 R bR 11, 7R
BTG K18 5 B 1 AR W V1, 5 T
DR T, Ll 3 8 R A AR ) RE TR T
KO AR SCER SRR PPCPs 1B & B F 53 10F A
N HBRAR AT E5 R | AUESS T EE X PPCPs 1Y 2
ERAIL , TR HAR AR BB 7 1) 4 H e B2, LU o
PEAE PPCPs 1252 rp i) 1 4R (R AR

1 F3E7E PPCPs & £ & # 5. F #F 3 ( Application
of duckweed in PPCPs bioremediation )

A SO MEAE PPCPs & 5 v i 1y FH #4711
LRSS 3R 1 R, FEETAE R AR B R
2l B-BELIKT ) 45 22 i 245 ) BAT S50 1) 5 BRASCR, L
FHEE T HARSE B A, 77 A — E 9%, Zhou
ST A BT T A (M Lemna minor) TT7K
IR 2 35 (Myriophyllum verticillatum) Fl & 7K 11 4
B (Typha orientalis Presl)5 3 iR [AIZRAFEYI X 13
G0 R BRRCR , I FE(L. minor)X} 2391 2%
BCRAHA B, HOOH IR 2B Y 25 BR A 1K 98.9%
AN A BT e IR REAE AR TR 15 K ARk T5 7K
FREPK A Z R AR PREE b IE B A K | HOX A
W8 S5 WO PR 2 i FE R (SMZ) S A 25 ) B A
Bk K BRAE ST, Di Baccio 55" id i 25 4 B 96 I
(Lemna gibba)Xf 411 i 75 1) 2 BRBOR , & AT ¥ S5 1E
23 X IR R B 5 BR AR AL 8.2% , T HAE L. gibba
SEEZH TP Y L BR R = ik 89% ~92.5% . Matamoros
SEUTHEAT T O 38 d RYBREE S, K ILAREE 14 d I,
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HIE (L. minor) 5% 56 20 v 4 i ME (R 25 BR R & 1k
100% ; 48 38 d 5%, 25 10 R e DAL Ay 2 B
RALHK 34% . latrou S5EPHET T AN B IR 4R
(L. minon =K BIFEM , R ICY IR N 24 °C LU
FE 1 d AR PRI (W BEAEECA 1:200) 0 35 57 FE AT
L. minor /)4 K 3 2R 5 5y, X} COD | BB B & M
SMZ 12553 510 80% 90% .50% £ 80% , T
Grenni 6" "WF 98 K B, 2 AR EE M R 500 pg- L7, B
FRINTAI 28 d I, ZETRIZK i P (L. minor) %t SMZ
MR BRZBAUN 17% , 53 BT R PR B T 5% 55 Wk B AN [+
Ab IKASBEAREE TR 3 — R A TR MR R E B 3R
PJox , B X SMZ 1 LBRREAR, WEEA L
Wi Z R 250 0 ) BN TRI R 35 55 X 245 2 BRASUR
(A M B 5, DRI A b 2 — 25 T 4 = TR M X 24
Y 2 BRRE T I AH DG ST
BR T 259050 P XA N3 3 B ) —
EBRAET] . BFRRRW AR RSB IR (ORI
(Landoltia punctata) ‘75 M-(L. minor) 1481 I % (Spi-
rodela polyrhiza)) ¥4 RE A 2 25 Br S ALAS 40 2] i =
Sb, B =S LB Rt 95% "¢ i =&k
FER-DURRA -T2 R G T ) S R BRBAUN 29% , 41
BRI PN = G A K P e i, R 43 W B T AR
P, AL IR BRI R BUAE T (L. minor) R ML R
G BK P R 0 3RS B 2 R R LF S F
Li ST IS L 58 404, &k P58 R 240 pmmol
-m” s B KBFTEEE N 1.0x10° CFU -
(100 mL) ™" JEHAED RN 1.00 kg-m” R H A
ZMF LTI M(S. polyrhiza) i R G % =410
ZoBR R IR 95.4% , BRISCRE 25 R R ALK 17.1%
Gatidou Z5P"WF 5T & T ¥ (L. minor)*%f 5 Fhok 3 =
WAl B W) (I =AM (BTR) 4-H LA HE-12.3-=
WEME(4TTR) 5-H 3R IF = A ME(STTR) 5,6- - H 3i-
TH-AIF =M(XTR) \5-5 UK TF =R (CBTR) B HAT
—EMEMRRES & 36 d 4B WA R IR =
WA ) 22 [ A4 AT 35 100% (AHTR , (48 2+4.1)% ), K3
M H(1.6+02) d(CBTR)#|(25+3.6) d4TTR), HIFH
XTI = A B 2B LA A T 00 2R i
TR Z2 R LA 25 A AP B LA B
EBRGOR, B T H AR 1Y PPCPs 15 Y& K e
HIN W J7, [A]— R i S XA [R] PPCPs (1) 25 BR AL
R —E 2R, X Be 55 A & i 3L i
(NG KPEISE, F340, R 85 357 25 R (an 835 37 3%

P R GUIERY | R R e M A R N []) 1 22 52 W
PPCPs 1 L BRACR , SR, R £ XHF /£ PPCPs
1B 5 F i) IS FHAE 7 3 s SR BR 95 e ) 2% B BOCR O
T, P P X5 G L BRALERATS v AT AE

2 F¥7E PPCPs £ 8 F A9 EE# 5% ( Mechanisms
of PPCPs bioremediation mediated by duckweed )

HTiT, & TEEMERE PPCPs Z=BRHLHI BT 58 35 A
Z A BRI AT 5T 2 BH P70 T i 2k A W B A il
FNA: W) W A S5 i 2 23 B PPCPs!™ 72 — il &,
PPCPs i i) 25 iy 1Ak 2 AV FH 0 B 28] 37 3 3R 18 5 Bl
S5 AW B R 43 PPCPs 3 32t A 9 W WAL E AT B i
IR N R REAETE ML 1Y) PPCPs 7
AR VE T 2R
2.1 AW

A= 1y B0 R FH AR 0 A B Ak 2 5 40 R R 3
PEAREE B /KT R 8 B 3050, T 25 BRok
TSGR AR N T S AR RE A, H
HArb & YA LA AR T B mT DR AR FES
LR 1T, o T LR AR AE IO AR IR T Re-
inhold %5014 10 umol - L™ A F80 PG 7T 43 7l 52 5% T e
B PE(L. minor) FAL 5 K% H M-(L. minor), & ¥1 2
AN SIS R T Y BRI (77.7 £0.4)% F
(55.6+3.9)% , HEI T X5 SR PG VT 19 22 B LA A= 4 W o
i, PPCPs 4= ) W [ 5 Ak & ) = - 7K 53 e &
(log K, ) IT TR E (7K M 25 VIAH G | 388 B 7K M 38
SR 9 Ak X8 g 2B AW A FH 85, 75 M (L. minor)
TR PUTT (logK,, =4.05) 1) W BF Vi FH #5858, 1o X 42 D2
fi2(logK,, =2.57) WL A FHAS B 5% ok, Ak
G R EL KA 2 LLPEAL PPCPs 78 2558 H it W f
Btk B . PPCPs 4 A W% B 37 22 F [ 5%
W), 4SS W BRAME BT A5 W) R B VR BE I A
A pH AR 465 Can-Terzi 565" 5k il
o7 T AT 3R ) 22 DR 28 6 5 9 (L. minor) 25 5% .
LR (52, F 5% 2 B, 254 HA 3 A 0 G Wk By
15 mg-L™" | L. minor BIFILG A W1 H 4 4.9 ¢ pH
6.8 B, L. minor %} V. F 3L 5 ) 2= BR R 0] 535 98%
Imron 457 Il Lk 27 SN i, & A
W B2 I R B 1) ML s L. minor 32558 1
VSRR R RN F VR R B O A B A
O—H . C—H Ml C—O0 FreP H#ES5 T WH I E M
W B AR, 7 H R i B R v R AR A
WEAN 58 & B HILTS L i W BB W] B A 46 FH
BT acH FHE TP B A A TAREAE SRS,
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A YIRS 5 Y MRS IR B A S B 0k A
TN I i F2 ) BIF9E 6 BH V7 1 T LK 3F
i i PPCPs K H ZFLF & ¥, Supalkova
SRV BUIE 20X T P (L. minor) HEA T AR B SL
RINEATTAE L. minor ML PN AR H i = BARE T ik
320 ng - g '(BEiiE), Zhou ZUVSE i 13 FhZETE
IK-UURRA)- 174 22 G0 HP B4 52 2t AT R o A B
KB, (L. minor) %t WITHE R | I 78 S A4 DL iR
AIZBRLL L. minor A3 B AP ICR 35, BEAh,
WA BFSE K PLIFFEXT PPCPs A [ i 7= ) b BT —
E BRSOV, DO 2 2R B L 7 ) 425 1) DY 2R
2 4-22 [ K DU R 2 AJG K DU R 2 34 R A R8T
(L. gibba)iiy B AR, H H fe iy 88 & 43 0l W] 3k
(123+2.0) (129+3.2) .(42.7+0.5)F1(31.9+0.3) ng
g (),

H AT, 7 PPCPs (1) HLER 1 A& B Bb, (2
B 14 T 03 0F 5% 26 BH K SR 5% v () PPCPs =5 223 1 4R
PR AR AR N 5 8, PPCPs Jl 1 R 2R
T AR B AMN R JG IR E L 2 2
LI, BIAAEE 4 2 I Jm , TEAR BT 3 i &8
PR T 328 5 20 S A A 20 B T — e
FRAL A WA A 3 3 T R Ak, R AR R
PPCPs %6 A 1 5 ALk 2% & 1 W O # sh 9 dc
TR oA i 2R BRFE IF S L N 9 PPCPs, 43 X
TR A — e MR EVE T i i A K RO
Ees = LIS Y7 A S oY A B K AR B A
i A E U (CAT) | A AL ) B AL i (SOD) | 3 4
LT (POD) AT IR I iR 12 4 AL P g (APX) 45 £
PoE AL FIE PEE (ROS) P2 AR P BIF 9% & 30, Hi Bk
(L. aequinoctialis) BE W% R AR ¥ & 1Y) PPCPs i
0, HEVUFRE(OTC)HREML T 0.50 mg- L™ A}, 2
FEHT 8 d, Wi BkIFME(L. aequinoctialis)ifi N H,0, Flit
FALYIBRPOD)IE N ; B 55 18 d,H,0, il POD %5
1EH K, OTC 5% L.aequinoctialis % 1 AL WL
WO BN ) 5y —J7 i, IR N R PPCPs
I, PR AR ROS M H A BRI 1 R AR
i, S ECMRE B TS kA AR, T A
EAMMILT:, Gomes ZE & B M (L. minor) % #%
TNV BN, HAE L. minor MM (AL W) & 5 2B
(BCF)Bf 5 5 52 1% B 1) T w20 117 FAARR 5 o A L PR o i
IR U R R 5 R 17 I R et 5, b i S B0
TE 7P P 8 IR A 2R B R AT

2.3 YRS

VIR R TE A YVER T, 15 Y i 25 4 A3t
P I & A U B A A S A T 2 S A B e
LA A R A AL LN T 1
FREH . PPCPs WIAH PR i, SAH Y B2 22 M I R 4t
HSE, FEAL LA IARF AR R, T AR R Je 44
PPCPs 7E4fifif 2,28 P450 [iff(Cyt P450) 4 il 2 % bS
(Cyt b5) NADPH-4fi it {7 5 P450 if J5i i (P45S0R) 55
T AHBFOVE I KA 2 Ak B0 R 4k B e 364k | 2R
R L A A E 8 R ALY § A A ||
HH I HE LW L B 1 (UGTs) 5 D H Ik 37 5L 5% 7%
fiti(GSTs) I A A9 1 F R, PPCPs Az H: T A AR =
Y50 A DR B e H K& R K B Re A R A &
FNE 5 AR SRS 1 AH 7™ 4 76 vt v b 25 sl 45
FEYHALRE |51 Qu A5 POE i B SRR SCh
75 (venlafaxine, VFX)TE 5 PR [RIKA: RG Y2
BRACH M 5T RIS OB 1 mg L' B VEX
K- ¥ (L. minor) & 22 1Y 7K A 2 B R & i
65% , HL7E L. minor B NASINE] VEX K HARI =4
F2H B S0 $F (O-desmethylvenlafaxine, O-DVFX)
SR, 1M Kingbick UM & B, VFX 3 238 i
Cyt P450 [iff fi 16 1 1 47 A 9 5% Ak, 3 00 35 9
(L. minor)il L fLpy T FHACIHTE Cyt P450 K¢ VFX ¥
il O-DVFX, Pietrini 265" 7E [R5 77 7 (L. gibba)
PRGN T A 9 2 S 11 R, AR R
ATIEIY R HAIE IS R I A I R A R A0 A
TGP A Horh, B8 LA & - 0 1T IR 7T g 5 77
P A B AL AR 56 107 OB A S g T A S g
HE L R

AN PPCPs 1 A 4 [ i 5 1 ) AR s A 458 R AR
PRI DRV S B UIAR G, A AE K fE v AR
FAA NI R 43 FIK 43, [ Bt AS W 1) 2
KA Frh b K E A LY BT, & TR A
PR 2 LR PN 25 55 | i o T-BE e s an 2 4% g
TR RN A5 A IAR R 43I AR BRIE 4R =
=R E SRR R I, (R A BT A B
AR BRELN P RIS N AR 3R 530
Yy el U R PR GER BT Y pH SRR T H o7 55 PR AL 14
Jo VAR B B 2 20 1 0 P DT A8 AR B A 35 v i
PeWIIEAS KO E WA SOME | B 25 I AR ) %) 57
YRS Gy s A SRR AEPAR R A
BHLIE G A R B R Bk 3 N T R AR R
SRS B S S A WL G R B A AR
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R YIVE I I UE A MLTS Y P R i 3 AR 2R 43 b
YIS MG S 00 R A R S KA R
X ISR AV FE 2 R R -3 -3 5% =3 2 AT Y
AHE AR, W B W2 AT R 6 i A 5% 05 e ™) ) Re-
inhold %513 1 15 B AN [A] ) A BRZH PR 57 M (L. mi-
non) X A W SR A 2= BRAILBE | BT 5T & I AE ST 7 14
PRI AL b 27 ICTE V7 I 4R 25 16 R (E 77
PR A ST I BR R (R EE 9 d) 4Bl (47.5 «
3.9)% .(24.8+2.0)% 0% F1 0% , HE I A3 ¥4 55 A F< B
DA MRS o 5. A1, Muerdter F1 LeFevre™
5T R N 24 W MR 3 (L. turionifera) M4 Wy L A7 ),
M H B FITIGE HUPR 174 22 B 18R 1] 15(0.63+0.07) ' Al
(0.62+0.05) d™', MiHAEVE AL ZH G0 A= Py b 2R
FAEA Y% RE A 9 25 BRSO AN B 0 d BH 7 4
T 3 3 D [ FH 2 B3 bk e R R LR

3 REZE(Prospect)

TP PR A DL 8T )32 o oK A4S e )
&5 5 I ABFFE , AU AT LA R PR A S 774k &
G IR A H TS ey X L2 A LR 25 A4 A4
PR B AR ) R BR AR T, AR BRI AE
IKARTE YA 52 0 T J8 1 R () St Atk 5 A0 o FH
58,05 T IR A R F PR o Ak K A8 h
PPCPs V5 44 0] {8, T 4K Bk 2R o 1 51 28 R J U7 In]
SR, LR BOAH R SRANAAAE VR 2Pk R, A it — 20
WFoe.,

()FLRY BEIF ¥R AE PPCPs &5 98 K £ )
PRF o0 NSRSk 5 LS IR B A A7 A
BERZES AN LIMES PEAN 17 1 X B SR AR B rh
PPCPs 1 R BRACR PRt , oK ok ] SR 42 52 B 15 /K IF
TR | P SRR L SR A IR BORE A B
THFSEE AT A 1 1 P R SE PR AR 16 5 7K A Tk
J%& 7K o PPCPs AbBHAYHE T .

(2) BRTEF SR F2 4 PPCPs B 5T A X450
HRZME T PPCPs 2 BRAL Ty 1H , ¥ P X H
WG RE B AT 1 A BB, PR L, 5 S R AR
¥ PPCPs £ 77 1 A W IS 7% R AR BIL T, 45 &
T P B AR RS R g 2 S 2 AR 2255
ZWFRR WA 25 7 AR AR
PRAGE 2 K- T B 3 FE X PPCPs 1 22 B HILBR | AH S BIF
GE45 A Y R U MEAE PPCPs 46 52 v i 13 42 R
KA

Q)4 T-H5r PPCPs WXEA WK FRAL W, 1T
X BRECRARA BR . B IL, Ak vl V2 3 5 H

/K A=A B IR A B 3R, T RIEAFAE )
X PPCPs 11 W Y BE 1, 44 /&5 17 3 X M A= ) B A
PPCPs [ 2B fE 71, ki K 7Z ¥ 7E PPCPs 5 427K
B H R H

@ BT 10 A 3F Y R T s AL i AR
W LA TR E e A A FE AL Y, R TR A
d TR R B TR, Ak T AR R AT AR A
W5 BAE R T B JF & A S AR S 17
A X b = AR A BEAS [ ZE 7 ) PPCPs 5 447K AR

BEIEEEA A AF(1988—), &, ¥4, B+ 6, 2 2R H
B1 A 5 A FAT AR R E RS,

HEETEERE N 0 51981—), &, A+, T BB X F @A
B A,
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