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Purification effect of azolla on domestic sewage containing carbamazepine and gemfibrozil

LI Shengshu', CUI Erping', ZHENG Lingyun®, LI Songjing’, TAO Zhen', HU Chao', ZHAO Zhijuan', FAN Xiangyang"

(1. Farmland Trrigation Research Institute, Chinese Academy of Agricultural Sciences, Xinxiang 453002, China; 2. Luohe Agricultural and
Water Technology Promotion Center, Luohe 462000, China; 3. School of Earth System Science, Tianjin University, Tianjin 300072, China)
Abstract: Environmental hazards and remediation of pharmaceuticals and personal care products (PPCPs) have recently received growing
attentions. Thus, investigating the purification effect of azolla on domestic sewage containing PPCPs is important. Representative PPCPs
gemfibrozil, carbamazepine, and azolla were used as test materials, and indoor simulation culture tests were conducted to investigate the
growth of azolla in domestic wastewater at both different incubation times (1, 2, 4, and 8 d) and different initial concentrations of PPCPs (0,
1, 10, 100, and 1 000 pg-L™"), as well as the removal rates of conventional pollutants (ammonia nitrogen, NH;—N; nitrate nitrogen, NO3—N;
total phosphorus, TP; chemical oxygen demand, COD) and PPCPs. With an increase of the initial concentration of PPCPs in domestic
wastewater, the relative growth rate and tolerance index of azolla showed a trend of first increasing and then decreasing, and the growth of

azolla was inhibited under the treatment of 100 and 1 000 pg - L™ PPCPs. Compared with the control, the removal effect of azolla on
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nitrogen and phosphorus was significantly enhanced under 1 and 10 gL' PPCPs treatment (P<0.05), but was significantly weakened under
100 and 1 000 pg- L™ PPCPs treatment (P<0.05). When treating with different initial concentrations of PPCPs, the effect of azolla on COD

removal was significant, and the COD removal rate increased with the increase of the initial concentration of PPCPs. The removal effect of

azolla on gemfibrozil and carbamazepine was enhanced with increasing incubation time. The removal rate of gemfibrozil increased with

increasing initial concentration of PPCPs (except for 1 000 pg-L" PPCPs treatment), whereas the removal rate of carbamazepine decreased

with increasing initial concentration of PPCPs. Azolla has a good removal effect on both PPCPs and conventional pollutants other than

ammonia nitrogen in domestic wastewater and can be used as a remediation treatment plan for domestic wastewater containing typical PPCPs.

Keywords : emerging pollutant; carbamazepine; gemfibrozil; azolla; water purification
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Table 1 Basic physicochemical parameters of targeted PPCPs
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Table 2 Liquid chromatography mobile phase elution gradient

Time/min A% B/%
0 90 10

1 90 10

3 10 90

7.5 10 90

8 90 10

9 90 10
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R 3 PPCPs X R HYiRAE — REBEXRIE S TSR H O R
Table 3 Operation parameters and recovery rate of LC-MS/MS
analysis corresponding to tested PPCPs
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Figure 1 Relative growth rate and tolerance index under different PPCPs contents
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Figure 2 Removal rate of carbamazepine and gemfibrozil
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Figure 3 Removal effect of ammonia nitrogen and nitrate nitrogen
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Figure 4 Removal effect of total phosphorus

1% WHART]

24.56%, 55 8 K ABRFE T REH 15.59%
2.3.3 AETEKH COD KBRACR

S A A =0 Fa R R e R 01 0) DIl =s i |
LSRN IR COD Y0 346.67 mg- L, 0.1,
10.100.1 000 g L™V B2 35 73 5 01 45 0I5 43 501l
% 126.67.100.00.,63.33.26.67.30.00 mg- L', £
35K 63.46% . 71.15% .81.73% .92.31% .91.35% ., #
& 7, COD 1 25 B i 0] iy PPCPs ¥ & Tt & 1 7
=, HH1 1001 000 pg- L ARFER , COD 22 pRR 0  5
T H Al 4b#E (P<0.05) .

2.4 EFEBKFpHENTHEE

B 3% R A X AR T 5 K pH B BEA TN A, 454k
R0 4k pH 3 R 6.26, K 55 R 45 45 ,0.1. 10,
100.1 000 pg - L ¥ £ T pH {H 53 51 4 6.32.,6.04,
5.96.6.16.6.48., HH1.10 pg- L' 43 pH (B3
I T Ho Al b P (P<0.05) , 1 000 pg- L' 43 pH {E &
i A AR B (P<0.05) .
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M 22 4 0T, H AR 55 RBR IS LS R V07 B
AR EE SR A 2 1EAH DG (P<0.01) 5 T P4 - 25 ity
05 R RS L R R B 1R) B AR R A K R R OE
A& (P<0.01)

B A R RS S R U R BRI B
S5 (R EERE A B AE R 5 LR T U BRI T
IEASYERS B0 - b AL AL B E— AR AR R 5 AR % 55
(Yoen) RSV (Vo) 5 85 (o) VA (o) SR
(o) 35 7 B5F 1] Coca) DA X 2 K 26 () S5 IR T 1E A T2
A A 53 B BB AR 34, 07 B3 T Sk 2 i) ) FR1 45 )
() S5 AR I 36 5, AR DG 1T A R B L 2% 6. RIS AT LA
RN TR : Yorn=—0.235+6.954x,~7.499x,+0.443x4,
Yew=—1.427+0.758x5+0.083x,, 5 5 dbr i Ak 1 75
B 5 A VG- L2 onLR Pk 1 )H J ARk B K
- (P<0.01) , Hod Bl () SR (x) 5 55 37 1) 1]
(a) AT LASE R 73.4% ()35 AL B 55 B RAR 4k 1M BE 57
I ] Coca ) IR XS A 4K 56 (s ) 1T R 65.4% 19 R T 7 -
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Table 4 Correlation of plant relative growth rate , incubation time and sewage factors

GEM CBZ TP NH;-N NO; =N HEFR T [a] RGR

GEM — 0.435%% 0.517%%* -0.116 0.4817%% 0.682%* 0.232
CBZ 0.435%% — 0.648% 0.014 0.823% 0.683%* 0.463%%
TP 0.517%%* 0.648%% — 0.420%% 0.714%% 0.378%* 0.648%%
NH:-N -0.116 0.014 0.420%% — -0.067 -0.476% 0.379%%
NO:-N 0.481%% 0.823%% 0.714%% -0.067 — 0.789%* 0.416%*

KiFEmt ] 0.682% 0.683% 0.378* -0.476%% 0.789% — 0.04

RGR 0.232 0.463%% 0.648% 0.379%% 0.416%% 0.04 —

I+ FORE P<O.01 K- F B M

Note : ** represent significant correlation at 0.01 level.

x5 HERIEA
Table 5 Model summary

Fo7 R R WEER e BRI LB 22

Yeew 0.857" 0.734
Yoz 0.809"  0.654

0.716
0.639

0.533 0.106 3
0.588 0.214 2

TE o, PR & ik B TR (), BV (), S AL () 5
b. RN AE i 2 AR AR (), B IR ] ()

Fzo6 EIIFRE

Table 6 Regression coefficient

EETae

AR A — 5 A Y LR AR A (A o 8 R ]
(xca) R (e ) XTS5 RS S5 S BRI AR TR, 2
FOXEARS Fr LB R MR . R 8 Al IR 5557
I TR] Caa) X515 B PGP B R A A A K, AR A
T s ) B9 B A P ARG, 1925 08 % 2 DG~ 25 B 1 ]
Ham e R BB

3 g

3.1 REIPPCPs ¥R E A TE T KR #HITLERRKR
AR 1Y PPCPs XM VLLL A A= KA SE T

s =1 P E%‘H: =y SHA
B pREEE B {EL RS W ) PPCPs T &3 WL A I, B TR
T TR o033 0200 0530000 ()RR KA 9 L 2 B AL
B (x, 6.954  1.059 0808 6556  0.000 I S e L s b g o 4
UM AER PN A HON AN UL LR 1
AL‘A\A‘); x3 =l . — 1. —J. B

=5 ; UGSy N IR o | 3 2k
Figemtil(x) 0443 0052 1200 8556  0.000 e Blamhl g‘: li:ﬂiﬁ FERWIFA KR IRIRBEHY 24
Yoo CHRD)  -1427 0056 25274 0.000 5 YT LU L AOAR XS AR AR s Vannini 26
HIXMEK# () 0758 0141 0478 5380 0.000 A o B VT2 U 25 R 1A 3 R S LA, 100
FigRmbi) () 0083 0012 0633 7136  0.000 1000 wg- L™ AU IR AL FRAE 0 N S i VL2 L A= Wy ik

R HEFFEBREBEXRY
Table 7 Correlation index of gemfibrozil removal rate
EIEPSTERESA
75 ) 5 Y A R S )

[HAZ i H 7 55 Y (1 fay PR DG R BL R (B G EE Gy B ] (o) it

Yeen B () 0.517 -0.745 0.454 -0.291

AR (xs) 0.481 0.577 0.947 1.524

FrFEm ] () 0.682 0.306 -0.823 -0.518

#8 FEOAFEBREHEXRY
Table 8 Correlation index of carbamazepine removal rate
[EIEPSTREES
[R5 Ap 5y Rk R AR R (A% )

- e B e [rERTSTIN MAEREG) Al

Yon FEFRI1A] () 0.653 0.633 0.027 0.027

AR (s) 0.504 0.478 0.027 0.027
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Yok D, TR ol R ol 2 5% 7 B[] ) B 0 T AR AT
AWFSE VT LT AEAS B PPCPs W) A He 2 1 LB 36 15 7K oh
ARG FRIF RS LA — . A IS il
VLLLAEARARTS et — 5 TS A MLIR 2 R
AT AR S T A T AR AT e, 55—y T 4
WA ) NS Y ke oA Y A T g R A 1)
GG 5 Yk B RIS AR AR A i V£ LT de 1)
G SN RRA ) BTSN e b - 3 o (AW £y S N
5 YL B KA, S L LA Y P 3 1)
B FR IR TG, HE WL AR S PPCPs S50 T PR 354
KA K AT RS2 : DR R 43I0 T AP EE S R A PPCPs
T E] T ARLEFE, FRAK T AT 8 I PPCPs VR ; @i
MARAR 1) S X6l RARAR Ly A RCE L U
3.2 A[E PPCPs ¥ 3R K E A T /K R T xf B 5
PPCPs I EBRR

T VL2155 AN [] PPCPs ) 1 v B 19 A 156 5 7K B4
15 YL LBRECR AN . WA AR 16 T57K Th PPCPs R B T
15 VTR R T P55 25 o B I AL, x5 R
FE) BRI RIS T SRR s, AR
B, T PUAE [ SRIAE T ME LU R S [R] A4
X S PG V- R A RE AN ) H 280 KRR P
B 22 B 2843 51 30% FIT 109659, 38 N FEX S T P o F- 2=
R A 269%™, WTTLTAE K S35 B2 FIA] 8 d P XA TH]
PPCPs ¥ & /K *F- 19 = 5 74 °F 25 B 2 R 14.20%~
34.30% , %} 5 AR F 55 2B AT A F] 76.89%~99.74%,
eI PARAW O SETITR GRGE 28 S T DE SREY) € 5]
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2 55 R DV PR = T T SR AT
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W VL LT % AN [R] 26 780 1) PPCPs £ RS AT . il
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i P o 1R T PG ST LT g ) S 4 % A 25 )
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ARG TR ST e, TS
PR A VR FH SR 1, X LA R 28 R B, BELAS T 3 V2T
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1% WHART]
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FIFSE BRI E A R L AR E
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IR R AR EE A A AL RS AR AR FH 25 B,
MK AEAE P BB 4R a8 16 B AR, FLAR R B2 Rl
Az PR A A R B () 35 i A RTTALIR R Kk
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ARG TG K TRV K A2 B il ARV , A
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WY K BR AL 5 R A A PR AR AE L . B KA
UL/ Y A= BN e s S OE= 2 Tve Ll PARAN LS
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RIS 2 TEAHDCOC R BT TLAL A KR R
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S I SV LL AR ARR AR, B o 3 37 5 BRI
XoF 7R Tl P WA S %, AR 0T 7 A2 B 2 %
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22 BRI o T TTLL % AR 1% 75 K F cOD B8Rk
TR KRS % COD ATV Ry R ) Be A= 9 A K
o R BT T BB IR, BE 2 PPCPs 5 f B0, 5 V1210 %)
COD Il PR HE— 25 B T 1 it R AT R 2 1T X B 458 oy
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W SR P o, AT BEARRK AR H i COD 5 3t

4 ZEig

RV B 2 AN AS A4 B (PPCPs ) fig 8 V1
CLAEATE TS K TP AR K P s S Kb R P
F AL D 57 BCH G YRR 5 vk E ) PPCPs
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(3) % XF 5 2 PPCPs ¥k & 7K - 19 A2 1% 15 K, B



LR, S VLN RSPV A 0 5 K R 929

HELIH VL2178 25 bR PPCPs (U [R]I, m] A 3 5Bk R
RO R L EBE COD A H LTS Qe iR N A
R PG ARSI SRR T K IR B A

S 3k

[1] ZERAJE, eI BH, 48 3%, 55 . PPCPs /£ -5 —1EW) RS04 T R RHIE ¢
PREE R BT E ()], A6 T HEE, 2021, 40(5) :2827-2838. LIS
J, FAN X Y, CUI E P, et al. Advances in research on environmental
risks of PPCPs and behavioral characteristics in soil —crop systems[J].
Chemical Industry and Engineering Progress, 2021, 40(5) :2827-2838.

[2] 5K3M, 775, FU, 5 259 54 NP AL TEAN R IR A 5T P (9 43 A1
REAE S AR AR R VE S AR ZR IR ()], SRETTS B 5 B7iR, 2020, 42(7) :
922-928. ZHANG Q, YANG F, WANG Z, et al. Review on distribu-
tion characteristics, ecotoxicity and degradation of pharmaceutical and
personal care products in different medialJ]. Environmental Pollution
& Control, 2020, 42(7) :922-928.

[3] 5K, PR, WA, 55 . ATt I HAOK R AR BRI iy 2=y
AEAL KRG R D] SRR, 2021, 42(10) :4753-4760.  ZHANG
K, XIN R, LI K J, et al. Seasonal variation and influencing factor analy-
sis of antibiotic resistance genes in water supply reservoirs of central
China[J]. Environmental Science, 2021, 42(10) :4753-4760.

[4] Z2 2%, KB, FhIHAH, 45 . 25 5 FAS A3 B, (PPCPs) 7€ 4 13T
R AR VERU R A T JRE L)), R AS PRI 71, 2019, 28(5) : 1046~
1054.  QIN Q, SONG K, SUN L ], et al. Transference—transformation
and toxicological effect of pharmaceuticals and personal care products
in soils[J]. Ecology and Environmental Sciences, 2019, 28 (5) : 1046~
1054.

[S] KELA P W, MICHAEL R M, ROBIN M S, et al. Effect of ciprofloxacin
on microbiological development in wetland mesocosms[J]. Water Re-
search, 2011, 45(10) :3185-3196.

[6] JEREMY L C, JOHN R W. An initial screening of antibiotic effects on
microbial respiration in wetland soils[J]. Journal of Environmental Sci-
ence and Health, 2012, 47:1381-1390.

[7] W, DEARRE, SRR, 45 . SR RN R AL 1 A MRk w800 F
T A AR, 2018, 13(5) :248-255.  YANG C, SHEN G X,
HU S Q, et al. Acute and chronic toxicitiy of chloramphenicol to Daph-
nia magnalJ]. Asian Journal of Ecotoxicology, 2018, 13(5):248-255.

[8] EZTR, B S, AR ICTT, A5 . DUPR R R 8 3 K A A i AR 2
BORELN). Al FRBERE 22441, 2008, 27 (4) : 1536-1539. WANG H
Z,LUO Y, XU W Q, et al. Ecotoxic effects of tetracycline and chlortet-
racycline on aquatic organisms[J]. Journal of Agro— Environment Sci-
ence, 2008, 27(4) : 1536-1539.

[9] MRHEAS, ThIRT:, Jo, &5 . 3 RPUAE 2% M 22 B iy A i A 2 i
PRI LEASTEIAH], 2019, 14(3):279-285. DENG S J, MA C
Y, YAN Y, et al. Ecotoxicological effects of three antibiotics on seed
germination of Lolium perennelJ]. Asian Journal of Ecotoxicology, 2019,
14(3):279-285.

[10] L, SE oK, BT, 45 . SR> B X R BT 4Tk 3R S8 F1 DNA #5443

RS2 M) AR 2E S5 H R, 2015, 38(12) : 59-66. SHEN H Y,
WANG B, ZHAO Y, et al. Effects of ofloxacin on antioxidant system

and DNA damage of Cyprinus carpiol]]. Environmental Science &
Technology, 2015, 38(12) : 59-66.

[11] FANG Y, KARNJANAPIBOONWONG A, CHASE D A, et al. Occur-
rence, fate, and persistence of gemfibrozil in water and soil[J]. Envi-
ronmental Toxicology & Chemistry, 2012, 31(3) :550-555.

[12] MIMEAULT C, WOODHOUSE A J, MIAO X S, et al. The human lip-
id regulator, gemfibrozil bioconcentrates and reduces testosterone in
the goldfish, Carassius auratus[J]. Aquatic Toxicology, 2005, 73 (1) :
44-54.

[13] 5k, AL, LK, 2 KPR R S P A 75 AR AL 5 A7 R
ARBFFEN). 7K HEK, 2012, 48(6) :120-124. ZHANG J, DAL C M,
ZHOU X F, et al. Study on pollution characteristics and occurrence
status of carbamazepine in water|J]. Water & Wastewater Engineering,
2012,48(6):120-124.

[14] YONGJUN Z, SVEN-UWE G, CARMEN G. Carbamazepine and di-
clofenac: Removal in wastewater treatment plants and occurrence in
water bodies[J]. Chemosphere, 2008, 73(8) : 1151-1161.

[15] OETKEN M, NENTWIG G, LOFFLER D, et al. Effects of pharmaceu-
ticals on aquatic invertebrates. Part I. The antiepileptic drug carbam-
azepinelJ|. Archives of Environmental Contamination & Toxicology,
2005, 49(3) :353-361.

(161, K&, R, 45 . 3 Fhs s & 8 SRR IR B 52 1)) 3155
AR, 2016, 10(5) : 2447-2453. XIE M, ZHANG F, ZHANG
Y Y, et al. Effect of three duckweed species on remediation of eutro-
phic water[J]. Chinese Journal of Environmental Engineering, 2016, 10
(5):2447-2453.

[17] 8IRE, T8, 4507 0L, 55 . ILRR A AL /K sl i B AR .
PR, 2012, 32(7) : 1637-1645.  HU N, DING D X, LI G
Y, et al. Uranium removal from water by five aquatic plants[]J]. Acta
Scientiae Circumstantiae, 2012, 32(7) :1637-1645.

[18] TR, ThER L, ZFEE, &5 WU A XTI A R ADE A B R bt
FAL R G, A S HEPE2AAR, 2019, 14(6) : 144-151. LIANG ]
F, MA X F, LI 'Y, et al. Effects of biosphenol A on growth, photosyn-
thesis pigment and antioxidant system of Spirodeta polyrrhizal]]. Asian
Journal of Ecotoxicology, 2019, 14(6) : 144—151.

[19] BAZE, X5, Je Wi, 55 . /K A A P XA [R5 SR AL R BE K Ak Ak
RE TSR] IRBERL = 580K, 2011, 34(10):6-9.  HU C, LIU Q,
LONG W W, et al. Purification of eutrophic water of different degrees
with hydrophytes|J|. Environmental Science & Technology, 2011, 34
(10):6-9.

[20] J7 &8, TR, 22 ), A5 WEVLAL TR AL R T MO SR 8 S A
W BFTEHE R ()], AR Al 241, 2015, 30(11) : 1120-1126. WAN
H F, LONG C B, LAN C, et al. Research progress on utilization of
azolla and its potential contribution to environmental restoration[]].
Fujian Journal of Agricultural Sciences, 2015,30(11) : 1120-1126.

2B, AR, BIRE, 45 . T VLT — P XK 3 Bl W 19 358 )
HLEI[IL. 087 1R, 2018, 37(4) :290-295.  HUANG X W, WANG Y
D, HU N, et al. Adaptation mechanism of azolla—anabaena to low con-
centration uranium stress[J]. Uranium Mining and Metallurgy, 2018,
37(4):290-295.

[22] VANNINI A, PAOLI L, VICHI M, et al. Toxicity of diclofenac in the

WWW.Qes.019.CN




m@g 930

VRETS Rt Y F B 45

fern azolla filiculoides and the Lichen Xanthoria parietina[J]. Bulletin
of Environmental Contamination & Toxicology, 2018, 100:430-437.

[23] MASOUDIAN Z, LISAR S Y S, NORASTEHNIA A. Phytoremedia-
tion potential of azolla filiculoides for sodium dodecyl benzene sulfo-
nate (SDBS) surfactant considering some physiological responses, ef-
fects of operational parameters and biodegradation of surfactant[J].
Environmental Science and Pollution Research, 2020, 27(16) :20358-
20369.

[24] LIU X H, GUO X C, LIU Y, et al. A review on removing antibiotics
and antibiotic resistance genes from wastewater by constructed wet-
lands : Performance and microbial response[]]. Environmental Pollu-
tion, 2019, 254:112996. 1-112996. 11.

[25] XU, XTI, A%, %5 . @Rl tEis e - N TR & T 2%
Lk 0 5 75 K (D). PR TR, 2021, 15(3) £ 1025-1036.
LIUW, LIU YT, ZHU Y M, et al. Resourceful treatment of domestic
sewage by the combination of high-rateactivated sludge—constructed
wetland[J]. Chinese Journal of Environmental Engineering, 2021, 15
(3):1025-1036.

[26] BEIGEI, 55 Uk, BRSE, 55 . VT3 A [m) dth DX A A Az 1 35 7Kk Ak 3
T AR D). KK, 2012, 28(18) :44-47. RAN X Q, JI-
ANG L L, CHEN H, et al. Typical technologies applicable for rural
domestic sewage treatment in different areas in Jiangsu ProvincelJ].
China Water & Wastewater, 2012, 28(18) :44-47.

[27) 7% 1 3. A DU B pH X Zh 9P 0 fi BT RS S A B 5 D). ke
rp [ K 2%, 2015:28-29. QTAO X C. Influnces of DOM and pH
on adsorption and migrations of carbamazepine[D]. Beijing: China
University of Geosciences, 2015:28-29.

[28] ABDEL N, WILSONG P C. Dissipation of acetaminophen, atrazine,
carbamazepine, and sulfamethoxazole in water mediated by acorus
gramineus and canna hybrida “orange punch{J]. Water, Air, and Soil
Pollution, 2019, 230(6) : 135. 1-135. 12.

[29] ek . 52 15 L R e e L X 55 Sl B 5 FA R B AR AT % 5 0 DR 2R AT 5
[D]. bt BT R 2% (dE50), 2015:2. WU L. Sorption of gem-
fibrozil to montmorillonite and kaolinite and its influencing factors[D].
Beijing: China University of Geosciences, 2015:2.

[30] BIANCHI E, BIANCALANI A, BERARDI C, et al. Improving the effi-
ciency of wastewater treatment plants: Bio—removal of heavy—metals
and pharmaceuticals by Azolla filiculoides and Lemna minutalJ]. Sci-
ence of the Total Environment, 2020:746-755

| XVURER, AT, HARER, AF . 5 RO £33 — SR IR 2 ) e A
7J<14&EP 26 Fh 254 KA~ AP B (1], FRBEA%, 2021, 40(2) : 549~
558. LIU X J, LIANG C Z, XIAO B Y, et al. Simultaneous determi-
nation of 26 pharmaceuticals and personal care products (PPCPs) in
water using solid —phase extraction and liquid chromatography — tan-
dem mass spectrometry[J]. Environmental Chemistry, 2021, 40 (2) :
549-558.

[32] FE GRS OR3P R R R AR W 340 5 i D 28 2 . KRB K i
TR HT 7 (R TRRO M, JE5E b PRIEEAR 2 i i, 2002:210~

1% WHART]

284. State Environmental Protection Administration The Water and
Wastewater Monitoring Analysis Method Editorial Board. Water and
wastewater monitoring analysis method. 4th Edition[M]. Beijing: Chi-
na Environmental Science Press, 2002:210-284.

[33] UPADHYAY R K . Metal stress in plants: Its detoxification in natural
environment[J]. Brazilian Journal of Botany, 2014, 37(4) :377-382.

[34] XU, Be -4, SRS, 45 A AR 2R 43 W) 16 1 4 R I3l T Y
M 07 T 5 FRB (). A ARl 241, 2021, 36(12) : 15061514, LIU
C F, DUAN S X, ZHANG X Y, et al. Research advances on plant root
exudates in response to heavy metal stress[J]. Fujian Journal of Agri-
cultural Sciences, 2021, 36(12) : 1506-1514.

(35122, FHAE Bt . ANGRFEXT B SRIE K B F R A 2350
[J]. B I R 2240 C AR BE22 ), 1996(1) :74-79. REN A Z,
TANG T G. Purification of lead and mercury from wastewater by azol-
la and its biological effect[J]. Acta Scientiarum Naturalium Universita-
tis Nankaiensis, 1996(1) :74-79.

[36] HELENA R, ALICE P, SARKA P, et al. Phytoremediation of carbam-
azepine and its metabolite 10, 11-epoxycarbamazepine by C3 and C4
plants[J]. Environmental Science & Pollution Research, 2015,22(24) :
1-12.

[37] KRKOSEK W H, PELDSZUS S, HUCK P M, et al. Formation kinetics
of gemfibrozil chlorination reaction products : Analysis and application
[J]. Water Environment Research , 2014, 86(7) :654.

[38] BUI T X, CHOI H. Influence of ionic strength, anions, cations, and
natural organic matter on the adsorption of pharmaceuticals to silica
[J]. Chemosphere, 2010, 80(7) : 681-686.

[39] SOOD A, UNIYAL P L, PRASANNA R, et al. Phytoremediation po-
tential of aquatic macrophyte, azolla[J]. AMBIO, 2012, 41(2) : 122—
137.

[40] XS, VIGJEL, AT, 45 . 4R AE P X A T (A 3 57K

FRSZ IR LL ()] PR3 T RR244R, 2016, 10(11):6313-6319. LIU W
J, XU X Y, HE H, et al. Comparison of treatment performances of sim-
ulated urban sewage in constructed wetlands planted with four types
of wetland plan[J]. Chinese Journal of Environmental Engineering,
2016, 10(11):6313-6319.

[41] JA A0, Falle, BREL, 55 Wb Hb SR ER R XTI AE A5 ) A 2
JEII. I3 R4 (A IRRIER). 2010, 38(6) :865-869. ZHOU N
Q, WANG Y, QIAN ] Z, et al. Advances in research on nitrogen cycle
in wetlands and its influence on environmental chang[J]. Journal of
Tongji University(Natural Science), 2010, 38(6) : 865-869.

[42] BRBC, e, BT, S BRI T SN BEX E B
FIHTA LI F SR SE M [T, Al FRETRL#27 4, 2021, 40(4) : 844
851. WU S W, HOU L, HONG Z M, et al. Effect of exogenous phos-
phorus addition on phosphorus absorption and the antioxidase system
of Typha angustifolia under different levels of atrazine stress[J]. Jour-

nal of Agro—Environment Science, 2021, 40(4):844-851.
(FEAT4 - 1)



