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Organic acid responses in root exudates of wetland plant due to the stress of non—steroidal anti—inflammatory
drugs

YE Bin', ZHOU Tao’, LIAN Jie', LI Yifei", ZOU Hua'

(1. School of Environmental and Civil Engineering, Jiangnan University, Wuxi 214122, China; 2. Dongzhu Ecological Environment
Protection Co., Ltd., Wuxi 214101, China)

Abstract: This study investigated the organic acid responses in the root exudates of a typical wetland plant, Phragmites australis, to the
long—term stress of a mixture of non—steroidal anti—inflammatory drugs (NSAIDs) : diclofenac, ibuprofen, indomethacin, ketoprofen, and
naproxen. First, high—performance liquid chromatography (HPLC) was optimized for the analysis of organic acids. Then, a hydroponic
system and a constructed wetland system were built up under the stress of NSAIDs (surface water level, 100 ng+ L"), in which Phragmites
australis plants were cultivated at seedling, vegetative, and bolting stages. The organic acids in root exudates, growth and physiological
indices of plants, and concentrations of NSAIDs accumulated in plant roots were analyzed for the two systems. The experimental results
showed that the optimized HPLC method could determine 12 organic acids (oxalate, tartaric acid, quinate, malate, malonate, lactate,
acelate, citric acid, succinic acid, propionic acid, fumarate, and rrans—aconitic acid) within 10 min, and the detection limits were all lower

than 1 mg-L™". In both systems, with plant development, the root secretion rates of quinate, citrate, propionic acid, malonate, malate, and
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oxalate increased when exposed to NSAIDs, especially at the bolting stage. This indicates that Phragmites australis in the constructed

wetland system was prone to promote the microbial degradation of NSAIDs via the root release of certain organic acids, thus reducing the

amount of NSAIDs absorbed by roots. The reduction in NSAIDs accumulation in roots and the inhibition of chlorophyll indirectly supported

this deduction. Overall, quinate, citrate, propionic acid, malonate, malate, and oxalate showed the potential to enhance the efficiency of

NSAID removal from surface water by constructed wetlands.

Keywords: root exudate; organic acid; non—steroidal anti—inflammatorys drugs (NSAIDs); wetland plant; high—performance liquid

chromatography (HPLC )

AE H 274 & 25 (Non—steroidal anti—inflammatory
drugs, NSAIDs) J& W e ) 2 i — 280 R 25, B A
fif A EIR BT AR SRR TN, AR A b DX K HL A
A R ) S i AR F A HEE V5K HE R %
FRAWN A B AL B SR AR UE AR B K FRBER
i 7K R A b VEE R RN SR A K 1) JE R IR, NSAIDs
ANWTHEHEA B3 K IR, 55T B R AT
SR ARAEPI RN K 7= i 1 OV A fe N, O SOk
T B AN SE T R 4R (1 NSAIDs 23 FE Al Y 2k
2] P 5 52 200 L 245 #14)s NSATDs H () A5 18 2% FIAUSR 5 R
o g g 21 rp AR, I A A st AL 7 P
B, ey A A5 i AR AT b 2 K IR 85 H NSAIDs (175
FEAR AR 2 42y T HAT 2L 3L

MK LA K KR R SR AT SR L 58
AIZR AL 3E AR CREEDTVE R B 2 7 2cHe oy 25 55)
HEAT AR TR A S A AT AT PR, H AT, N 3 5k SR T Y
AN EMEE A, i EE 0 — AR Y
BEFAR A TIRHT N TR M S T Ak i
DX 114 43w T 7K A B T, A AR R A T 5 K R i 24
Y Y Wy CANAT 3 25 RS R ) ORI . PR,
i AR AR 16 15 KK B 22 5K, MoK 25015 Y ik
FEEAR, E AT DR & BN TR B ek ik rp
2 IAEAE 2L BRAS 58 4 FLRRIRHR (9 [ ™, PRI , 2%
AR NSAIDs (M 27K v B G0 501 ) 72 N T3 i b )
FEMILA 2 X e AR AT et AT 0 i b e K R
Bi NSAIDs V5 44 1Y H 2L Fi 4

FEYIEN TR b & E SR AR PR A=
HABEMA G YR RE 1Y iR YRR bR
AR P FE B R R | BE IR AN 5 5, T AR R
53 WA 1 D 4 T DA SR Sl AR B f AR 1 B R R AR
APIE T IR ZR 43I (R 20 2 D s AR LA
B2 38 7 S e DT A B0 R B A 0 T s ) AR
AR, A LR S R ZR 43 D6 ) 11 B R A, A M)
IV [t 7/ B e RO s A e S ey AL G A D 1
TE 1T G — S LR 1 R R SR A R I 5 AT 2%
MUEMIERR PR E T FEA WS SR gy, A

1% WHART]

SCHRARGE T A PR (IR R ) £ 2F SR P A 22 26
IR BLGS, ZE FAT DI AR R A i T A L
i 241 43 7€ NSAIDs Jfp 38 & 2 & A= 2 A8, DA i 42 i
NSAIDs P ff B 7ERL PR 5 . PRLE , BH AR AR 2R 0 W8 420
R AT LR HAT I HEAR PR AE D R NSAILDs 17
7, JEHSEE XN TR H R A, A B
SERESC, AT LA e N T R DL e K
NSAIDs [ 2 BRZCRFTIF 3 %, Al AR 2R 43 i 9
AR 53, N T EC AR B NSAIDs B ff 17 19 412 A= 5
o R — HbR, — 7 T EE U AT )
HEZR AT I P (AT LR , 573 — 7 T T 24 s e AT )
HEZR 431 AT HILRR 453 42 NSATDs KA Ma T 28
b, B E W 20 HLIR AT B L& WS 1T 25 i e AR
B R 78 LA i NSATDs B I RE -

BEOOE N TN MR AR ) 7 25 (Phragmites aus-
tralis) , AR FEFFJE T NSAIDs £ 38 5286 . T
NSAIDs 7E H1 & K P85 HOA 2 A7 AE7ERY , H NSAIDs
TR W 1 A A RS 5 2 5 | A v B A, A9 R
T [l 7K BREE IXURS PEAG 725 4 5 A NSATDs (&S5 R A
165 MR SE o (RS Y 2R AR ) HEAT TR AR R S
BP0, % NSAID [ ¥ B Ry 7K P45 8 UL vk B (100 ng -
LR,

FESC R AR A ST e ik T E 12 R
HLER B v 280R AR 2,355 (HPLC) J7 3 , AR AR 7] st 46 i
10 Ff DA AL BR S A G 00 IR A AG: 0 B 1) o SRS 76
S EE A B EK IR A R CE RIS ) RN T
TR (R IN T IRH ) , 8 NSAIDs hif T 2 =5
Ay B R i SR P AR K AR R I i A
HILTR 14 88 it ., [ s A 00 42 1) A= e A B A
MR BB NSAIDs ¥R B o 12 Fp H AR A HLER T8 —
R BRHIR SERIR LR NR TR V8 DR ¥
MR 3k AR R A A JE IR , X e AR
JHR3E T MR R I T 5 R A AR AL 43, R AR
RO e DL A HLER . Sy Ah MR R A I AR
EoY R G 7l N Ny € ) I NV ORS = R - G
0 P9 52 T DA T 5 4 T M T i AILBR A 4143284k 5 i A
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TR bR R A A% E R AR R AR T IR A T
i SE B S5 T A HLRR R O WL 275 B i
MMEZ A HLER AL R U 87 P 25 R 0 )
HAG HLER M N NSATDs K 301 W38 0445 s, DT 0 17 A
S HLR A 73 B4 W 5 1A 2 I A W FE AR B 2 B DA I
fift NSAIDs F¥ 11

1 MHEFE

1.1 X5

E B AG VLR 2SN Scientific=Ultimate 3000 /5
A FEIL (FEE Thermo Fisher AT ) , o7 # =
J S ZORBAX SB-AQ (4.6 mmx250 mm, 5 pm) .
i 5 Fft NSATDs F 3 A s 0B €3 - — 5 DU
FFER IR 3% (Y (HPLC-MS/MS, 5[ Waters 23 1) ) , ¥
TR 2R ST WA IS AR W AL 2% - Alphal—-4 LSChasic
BRI (FEE Christ A ] o

WG ZF B2 (DCF) | A i 25 (IBP) | M| g 3¢ =%
(IMC) . Fiil % 25 (KTP) (%538 4 (NPX) 5 Flt NSAIDs b
i ) 9 [8] LGC (9 [F UM AL F S8 S8 30 % ) A | s A HL
FRBRUE S ARG TN R BRFIR SRR L LR LN T
B8 S AR kR AR R R A
fi% , 40 [ 254 k22 AT FR A |] . HPLC i
SIAH TR R A R AR R RR (T pH) L H R,
oy A E 25 A A2 A R R R R
FHRRAF .

5Ff NSAIDs O FRAL R IE LR 1,
1.2 HPLC MEBHERHI FiE MK

HPLC 08 05 2 BT R ERE B 20 WL i
1 mL-min™ AR 30 °C, FW3h A~ 10 mmol - L7
KH.PO, (W BRI 17 pH £ 2.6) 5 H BE TR A1 W (97
3,VIV) o SRJE 439 4 200,205.210.,215 nm, £
7 30.31.5.33.34.5.36 °C, Ji 8 #H pH 2.4.2.5.2.55
2.6 2.7 MR, B EA MR A AR R (500 mg -
L) v £ A LR 9 U B RIS 508, 1 e L A

FEWL AL B4 pHo HFHRER & SR A S Sk R 1Y
{55 18 B & LA AT AILER 3 3 Rl MILIR 1) vk 4%
e 4 0.08.0.16.0.4.0.8.1.6.4.8.16 .40 mg-L™',
At AT BIL IR s o it S VR BE 900 1.2.5.10,
20.50.,100,200.500 mg-L",
1.3 RED DY AV BRI EREENE
1.3.1 KRR ZR R 22 43I0 (A WAC 4 5 T Ak 34

FE Il 2 FRBE R 0 SR ROK R IR R (B 1A) | B
B EAE TR NSAIDs A YR WA 2K . IRE
Z5AF R 25 °C, JE IR JEE 10 000 1x, YEHE T[] 16 h/8
hOB/mE) BB 75% . ERE PP ERR TS
B KRR AT 48 A Rk B AK R G K i VS B
A 800 mL ZEAS 22 H IR CR ) a4k 215 &, o AE
30 d(&hi ) .60 d (R 1) 1 120 d (PR A= 4 19 1k
MR IPIFEAS . SE5G 53 0 P2 NSAIDs Jiria 21
FXTREZH (JC NSAIDs Jfir8 ) , BR2H 5250 6 4~ F4 7, 1>
SPATEE TR PR — AR A . AR RS A, A
3 d T — B IR, R A SRR R 1K 43, I
A SHNSAIDs, #5114 98 245 (U BE 358 100 ng - L™, DAfR

(A KR 2 Bom B

Hydroponic system

(B) N TR I 220 R R

Constructed wetland system
Bl RKkEE

Figure 1 Experimental setups

R 1 ST NSAIDs BRI MR
Table 1 Physicochemical properties of the five NSAIDs

NSAIDs 43 F =X Sy fREHE  FR-KSRRBOTEIE 25 CHME
Molecular formula Molecular weight pK. lg K Sw/(mg-L™)
WIS R Diclofenac C14H,,CLNO, 296 4.18 4.02 2.4
i 1 25 Ibuprofen Ci3Hi50, 206 5.30 3.79 21
W31 7 Indomethacin CioHisCINO, 358 450 427 0.937
il 7% 25 Ketoprofen CisH140; 254 4.45 3.00 51
Z53% 4 Naproxen Ci:H1.0; 230 4.15 3.10 16

WWW.Qes.019.CN
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TFHR4E () NSAIDs Ji .

HE 2R SRR I B 7 25 B SR b/ IO B
HEATIE U, J 1) ok S M AR 45407 , 4R ) F Bk = 40 )
A KRB (FLEE5 76 40) v, I TG 7K B 1 HAR
T PRI S PSR 2 b, 1 R B YA AOAR 2R 0 i)
VW2 0.22 pm L E o Oh T HE— 25 ISCAE AR 2 T B
B AR 2R 510 A AR YR W TE AR R
N BEA TCHE KK TE B, A 4k % 10 min (20
kHz.200 W, [a] B[] 5 s, 4 °C) , AR R 4 0.22
pom B U8 o B PR AR R A I e e IR A L
TTURTAb P, 4l 5200 A R TR 2R A0 U RS I PR o
i A FE-20 CUKAE -

R 245 W v A LR 7E HPLC W 2 7T , 75 B0k R
TR R Wb 15 WiAb BE, HAR 7 A0 R FRECL
mg 7T AR R - I R AE 100 WL FEE H i 30
min J&5 , A 400 WL TG 7K, #23% 10 s J5 FH 0.22 pum
PTFE fiid 3
1.3.2 AT H A 2 i 22 20 is g ) Wi B 5 A 2

FE 13 iR R = IR, T 00 S M T
R R AT (- 1B) . 123t B4R 20 em, 5
40 em, NHFIE T 20 em BRI 4338, 3R H P45 10 em
IR, e R R —BR P OB 5 4 i B
131 ik i b B B Ak 2R b B 5 L IR AR R
A IAIREAS W AE A 7] 1.3.1 FFiR . SZER 4y A4
NSAIDs Jifpie 20 Fx BEZH , AR SE00 3447, BN
R GERERANK LABRAZE BTG, B8 3 d 4 — oK,
H AL PR AR RIA T NA 5 FINSAIDs (100 ng- L") AP
FERFZE Y NSAIDs i o HE 2R 23 A4 i Wi 4 T i
HPLC I A HLRR A Bk B 7 vk 1m) 1.3.1,

1.3.3 R R 43I A HLIR R H0H % 1Y) o B 4

KRR R AN T A R R ) A
HLIR B Rl a4 IR A (D 15

7 LT R I 3 = LT A T e B B i A A
R 2250 WA 0 o0 i/ (A 2R 43 A ) e o i A 4 1)
) x T H BT 1t ) x100% (1)
P A HLBR AN M E S HPLC 7 3 5E AR 28 0
YA HLIR IR, mg - L5 FESRIARFLUR 500 wl; MR 5
G1 IR S T R R SR I R T AR R IR A S
)T, mg s AR R A WA IAE S BN 1 mg s AR B
6] 47 2 by AR i A R 4 SE B0 T A P B AR IR A TR
1.4 NSAIDs ZEA ERFBAY ZFRRENE

P ML 21 R NSATDs ¥ 3 09 I 5 < 8 SRk

1% WHART]

7 B IO [ AH A B2 (SPE ) R AEAS HEA 7 FAL B , 9K
J5i % F HPLC-MS/MS J7 s EA 7 2 20t

AP B ) ELARE IR B — B VR 1 P AR A Y
AF & A AR, FRHEL 0.5 ¢ T 20 mL Mcllvaine—EDTA
2% vk — FH B R IO, 8 75 HE X 30 min, 2.0 20 min
(4000 r-min™) , W€ BIHW, FAE EiRSEBGERE , 72
IYIRA WU BV, FH 0.45 wm L 38 . RJE K
TE I 2 B 4 2 20 mL, FEB 4K # B 2 200 mL,
It BERR VR T pH by 4, 4k S8R FH [ AH 26 UL HE1 75
ko EAHABCR FH Waters Oasis HLB AU (200 myg,
6 mL), F 5 H 10 mL FHEEAT 10 mLABZE/K (P17 pH 2
AT ARG EAE(3 mL-min™) , HERESEEE S ) 10
mL B 4K R, -0 RS T 30 min, fz )5 12 mL B
BRI HLB /NFE AR PR I v 22 AR R 22 1, T
W E 252 0.5 mL, 14 0.22 wm PTFE AR

HPLC-MS/MS {{ %= it % Water Acquity BEH C18
@R (2.1 mmx100 mm, 1.7 pm) , & 47 54 kIR
40 °C, BB R 3 kV, B FIEEE 150 ¢, TS
TR 500 °C, TR #8375 900 L-h", #EFL S Wi i
50 L-h, filf 8 <37 £ 0.16 mL-min™', NSAIDs [ ]
S MRM B2, HL I 55 25 - U (EST) Sk 67 25 1, i sl ]
AR5 mmol - L SR , WS A B A NG, EFEE S
who H A& #3672 FE : 0~0.25 min, 10% Bj; 0.25~3
min, 10%~90% B; 3~4 min, 90% B;4~4.01 min, 90%~
10% B; 4.01~5 min, 10% B, DCF.IBP,IMC,KTP,
NPX 119 51 3% % i 2 %5 43 %l -y 294.0>250.0.,205.1>
161.0.357.9>110.9.253.0>197.0.229.1>170.0.,
1.5 BEEKEEERNE

MK KGR Z N TR AR 3R R 5 R, T
Ve s G T, ARk R AR, Ik
PP A R e R IF AR 2~3 Btk f gk
K a LR b e,
1.6 BEl&INEIEALIE

F) FH W& AH @ 3% 4% 19 Chromeleon 7 %% 38 £ 4t %t
HPLC i35 & #1773 4 , A H] SPSS 20 F1 Origin 2018 &b
TR A P S 6 2H NG B 2E AR ) A KA A
()25 525K F SPSS FR A A ST AR A THRG SR A 75347
2 #ER5ite
2.1 HPLCENEBNEMMILER

AHIF 5 e 2 AL 19 HPLC €018 4% 14 g 460 g 1
210 nm A3 34.5 °C i shAH pH 2.55, A LL7E 10 min
DA IS R TP A TR A R TR SRR LN R 7
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MR . R AP ETR BRHIR (N IR & DR Al S Sk iR
(K2).

12 A LIS (4 b o i 2 2 800 [BISCR Qi 3k 2 B
7N, A SE B B8R 0.994 01~0.999 98, 2 B 454 HLIR 1)
e J3E 15 A0 0 €5 7 g i) 0 TR AR AP AE R AP IR PE G &R
AA HLER W RS I R (LOD ) 24 0.01~0.95 mg - L™, %E it
FR(LOQ) N 0.02~3.18 mg- L™, H:AF LOD ¥J{XF 1 mg-
L' 34, & A HLRR /Y (81 i 78 90.70%~
127.58% YEIE P, [ATAC% R4
22 KIEHERBEFERED DY P EHLEEXS NSAIDs
HA R I8 B M S

DALY HPLC 15 7] DUE 3 Bk G R R P 5 R

1000 p
875
750 |
625 |
500
375}
250 1,2
125 3

0

Absorbance/mAU

YW 1L R PLER (K 3) , RIS JE iR . 2R B AT 1R
FUIR BEIHARE FTEEIR R TN R LR SRR I
B3GR o 3 F RS B2 AT BE A A LR PR G
FIAT, 7E NSAIDs JA S | 52564 40 v 105 1A HLIR
PR H 3 X BRZE A Eb 25 S5/ , T Je I J APk A
KIAPZE N2 e iR SR N R IR AR R 1
i R I v T B, O LN R A P A K
FW 2, (HARTER AR, SCOR P AR I P A R
PR TR FLIR AR i 0 I 0 R

W 3 Fin KB R W, NSAIDs il T 2 2578
3 A K A A v R B AR AR AR o R 2L, FLG
V2 S EM AR a M4 b & i B KT

11

~100, 3 4 5

6 7 8 9 10
5 [8] /min

1 HR 2 A TR 3 A5 SRR 54 SRR 5 5 TH iR 5 6: FLAR 3 7 LR 5 8 ATHE TR s 9 BRHAFR ; 10: TR s 112 '8 SR 5 12 [ %3k R

1,0Oxalate; 2, Tartaric acid; 3, Quinate ;4, Malate ; 5, Malonate ; 6, Lactate; 7, Acetate ; 8, Citric acid; 9, Succinic acid ; 10, Propionic acid; 11, Fumarate;

12, Trans—aconitic acid

B2 HPLC AL E
Figure 2 Optimized HPLC chromatogram

FT2 RWHENBROIRE# &S EFE =R

Table 2 Standard curve parameters and recovery rates for 12 organic acids

i iR bRt Mgy OWRIOD) - EERL0Q) MR

Organic acid Retention time/min Standard curve Related coefficient Limit of del_&:ctlon/ Limit of quarﬁltanon/ Recovery

(mg-L™") (mg-L™") rate/%
HTR Oxalate 2.833 Y=0.317 8X 0.999 24 0.03 0.10 127.58+0.26
A7 Tartaric acid 3.093 Y=0.034 8X-0.127 9 0.999 51 0.29 0.96 97.20+0.62
25 JE 1 Quinate 3.290 ¥=0.009 5X-0.132 8 0.994 01 0.58 1.93 98.49+0.55
SRR Malate 3.623 Y=0.016 9X+0.014 4 0.999 97 0.56 1.86 99.68+0.22
4 % Malonate 3.750 ¥=0.019 7X-0.017 0 0.999 96 0.48 1.59 100.26+0.43
FLIR Lactate 3.883 ¥=0.013 9X+0.008 1 0.999 98 0.46 1.54 103.42+0.27
Z.FR Acetate 4.223 Y=0.011 6X+0.011 4 0.999 98 0.62 2.08 102.1320.16
FEHERR Citric acid 4.713 ¥=0.022 1X+0.022 7 0.999 98 0.44 1.46 101.87+0.18
BEIAMR Succinic acid 5.487 ¥=0.012 2X+0.014 1 0.999 97 0.70 2.35 92.710.21
TN Propionic acid 6.867 ¥=0.011 0X-0.010 8 0.999 93 0.95 3.18 90.70+0.11
& DR Fumarate 7.120 Y=3.171 9X+0.256 3 0.999 97 0.01 0.02 100.0620.11
13K i# Trans—aconitic acid 8.613 Y=1.113 1X+0.006 4 0.999 98 0.02 0.07 107.27+0.11

WWW.Qes.019.CN
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25 JEBR Quinate LR Acetate W54 R Tartaric acid FLBR Lactate
5 S |< - < sl H 3 sl |—< 3 st |<
7 52 w 78) 2] |-< ) |<
& & 3 H
# 53 |4 . # 53 |4 g3 |-< g3 }«
< Cl }« < cl | o |—< = Cl |<**
g E E g
SN SN (&) (&)
sl ) o2 | Ze - Ze e
B & 2 2
= = = =
=3 |'< =3 |'4 Hokok =c3 |-< =3 |-<**
0 50 100 150 0 25 50 75 100 0 5 10 15 20 0 5 10 15
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Figure 3 Organic acids’ secretion rates of Phragmites australis roots under long—term NSAIDs stress in the hydroponic system
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Table 3 Growth and physiological indices of Phragmites australis under NSAIDs stress in the hydroponic system
%% % a Chlorophyll a/(mg-g™)  M%&% b Chlorophyll b/(mg-g™)

FRiE Plant height/cm FAR Main root length/cm

fo;ﬁ? g AL S % 4L Sl % 4L Lt % 4L LRl
Control Stressed Control Stressed Control Stressed Control Stressed

L1 W] Seedling 40.9+4.3 39.2+1.4 5.2+0.8 6.1+0.5 1.0+0.1 1.0+0.1 0.5+<0.1* 0.3+<0.1
JEIH Vegetative  147.3+13.5  137.9+17.3 9.2+1.5 9.2+1.2 2.0+<0.1%* 1.2+<0.1 0.7+<0.1* 0.5+<0.1
P A K Bolting  182.0+14.6  172.6+18.2 10.8+1.2 9.8+1.1 2.7+<0.1%* 1.7+<0.1 1.0£<0.1%* 0.6+<0.1

T R S AT B2 ) £ 7 25 22 52 (P<0.05) o Tl

Note : *means a significant difference between the stressed and control experiments. The same below.
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Figure 4 Accumulated concentrations of NSAIDs in the roots of

Phragmites australis in the hydroponic system

CL A SCHRAGE T A0 B A W 25 W0 5 1E R I
B M EE R ERAET , AP e Y RN R
BUR 2 e i B A 5 (ROS) , A7 A Ak
PR, AW 5T K B B R 2 v 7 25 AR 4
NSAIDs ¥ B3 HEL 04 K T N, ZE bR A K E
BB EGE A (181 4) , I B2 8 55 1 52 1) (i 25 40
(#3), RUVAAL LA S A K LR A AT REPEAR A

MR 7 ) A AL R AR PR e M R —
FiL BT IR, AT AR (ol A W 4 78 7 A RE B, DT
FIA fi AR P AEAR B B, AN - fE e 5 e s
USSP SRR AR IARR AT LA S 2 B i e R A D AR )
T ABIESE R K B B R ORI IR A A K B

23 NI BRMEREFREZSDYREINRI
NSAIDs 1< HA BifriB 1Y fia bz

FEN TR MR R AR B HPLC 2460 31 5 55
MR WY 1A PR (B 5) , G2 e g AriE
R IR ESRR N R IR R VFLER LR Sk
B LRI E hFR . E NSATDs WMl , 2 25 7E 4 i
S1 WA BILIR Hh B 45 JE R RN TR A4 S 3 I T X R
4 H R 4G, FLRR (N R BRHATR (RLR AT
R S AT LIRS B S 2% k2 v T X R, R B A
W1, bR R A 10 Bl HLER 1) BB HOR I 8 25 5 T
XA

Wik 4 iR, 7E NSAIDs i N, A LBk R
P 3 A K AR 5 A AR S A IG X HE AL
HIG & 25 (4R a FI4¢ 25 b 16 2 i W A
MR b A T R B A A A K 25 R R
/N CHRE AR K 3] ) . NSATIDs 7575 25 AR HB i Z Rk
FE LN 6 Fif 7S , 4 Bl NSAIDs A7) LLAG H (DCF B4 ) L 78

x4 NTEMERPEFHERERIER

Table 4 Growth and physiological indices of Phragmites australis under NSAIDs stress in the constructed wetland system

. }k 75 Plant height/cm FEARK Main root length/cm 4% 2 a Chlorophyll a/(mg-g™) M-%¢Z b Chlorophyll b/(mg-g™)
Develii%ﬁ stage X B ZH SCGAH R ZH i X BRZH SCEOAH X B2 SEIA
Control Stressed Control Stressed Control Stressed Control Stressed
41 ] Seedling 42.7+4.7 44.8+6.9 10.3+1.2 6.35+0.2 1.0+0.1% 0.6+0.1 0.3+<0.1 0.3+0.1
JEIH Vegetative  145.0+8.1 130.8+6.0 19.0+3.4 14.6+1.8 2.5+0.1%* 2.0+0.3 1.1+0.3%* 0.9+0.1
s A K Bolting  210.2+4.0 207.4+1.1 35.5+4.1 34.1+4.0 2.6+0.3 2.4+0.5 2.1+<0.1 1.94<0.1
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Figure 5 Organic acids’ secretion rates of Phragmites australis roots under long—term NSAIDs stress
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Figure 6 Accumulated concentrations of NSAIDs in the roots of

NPX

Phragmites australis in the constructed wetland system
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