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Removal Behavior of Ibuprofen and Diclofenac in Different Constructed

Wetlands

JING Rui-ying', YANG Yang'", DAI Yu-nii', WAN Xiang', TAI Yi-ping', FAN Jing-jing'

(1. Research Center of Hydrobiology, College of Life Science and Technology, Jinan University, Guangzhou 510632, China; 2.
Engineering Research Center of Tropical and Subtropical Aquatic Ecological Engineering, Ministry of Education, Guangzhou 510632,
China)

Abstract: Ibuprofen and diclofenac, two commonly used pharmaceuticals, were studied to evaluate the removal behavior of acid
pharmaceuticals in constructed wetlands ( CWs) with different flow types, vegetation and seasons. Tt was shown that flow types
influenced the results significantly. The average removal efficiency of ibuprofen in horizontal subsurface flow (HSSF) and vertical
subsurface flow (VSSF) CWs (69% and 60% , respectively) was significantly higher than that in surface flow (SF) CWs (26% ).
For diclofenac, SF CWs (58% ) was significantly higher than HSSF and VSSF CWs (49% and 43% , respectively). In addition, the
presence of plants improved the efficiency of ibuprofen, while it had no significant influence on the removal of diclofenac. Paired ¢-test
found out that summer and autumn season variety had little impact on the removal. Furthermore, the removal of diclofenac and DO, as
well as COD, showed very significant negative correlations. Opposite to diclofenac, the removal of ibuprofen had good positive
correlations with dehydrogenase activities. The research indicated that aerobic biodegradation behavior mainly took place in ibuprofen,
yet anaerobic biodegradation and photolysis behavior were expected for diclofenac.

Key words : constructed wetlands; ibuprofen; diclofenac; biodegradation; photolysis
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Table 1  Physico-chemical properties of target compounds
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Table 2 Design characteristics of the different wetlands systems

sy Ty e L)
AL IR FLBRR K Iy 45 R )/ d s WA/ m IR B/ Pk -m 2

CW1 EJ0N 140 — — 2.55 BN 0.3 10
CW2 Eh — — 2.55 — — —
CW3  JKFR WA 0.5 1.27 PN 0.3 10
CW4 KT BRAT 0.5 1.27 — — —
CW5  EEEHR A 0.5 1.27 EIN 0.3 10
CW6 T A 0.5 1.27 — — —

1) FR AT

BRI, 25 TR A R K SeG 3%, bn. S HARMEDTE kK sh coD | TN, TP,

FaEBIT 1 a. NH," -NAE/K T H8 4R, 76 24 h 958 K.
ANTiEKEH . N Ti5KE 2% WiePner T, DIMEAE S T AR CW3 ~ CW6 2 H

ST KRB (TN) L AR (NH, -N) . H10 ~10 em AbFER, 78 50R 5T, R0 TTC- e ik il

BBE(TP) | AL B (COD) R BRI 00k a2 L b ol it S s o

30.8,15.4, 2.5, 163 mg-L™" KI5 4 ffis s 1.3.3 MUY

9.43 x10 kg-d . B5 mL AKFEFE S, iIMA 100 pL 5
HIRZ Y E] . AR IS RIS T2 2.5 ¢ me L7 BYIRAS NAR, FEITA 2 mL 2R Z1g: HR =

T 250 mL 34 I A58 10 mg-mL T UGG 500 LREEBOR, SR G TR, R LR RI T 5

T, B EIRME A 10 mL IDAZETG TG KA iR —iE T EE IR, BRI PR AR+,

PEAN TR R GE ) 25 B R R 100 pg L7 PL0.5 mL R ZBRE S, SR )5 4t 0. 22 pum A HLAH
KREITVE 43T 2015 4E 8 HAI2015 411 A JeIEUE R, 5 RS 2 2 mL BE A IERE /NI, 7E -

PHTEZE BB CRSE. TER EF 09:00 fEA  20CHAE. fiitk by i m Sk 20 ], Binrfb& 9

[ 4 2 8 1 K T R AR ZK AR 26T 500 mL A3 FH Agilent 6890A A0 €4 3 A 1 170 52, K6 T 45 4y

MR, IFSL BN 0.5 g BB A R R W s Tk RECD, a3 45 1R Sk [20].

HECRE 6 dCRAEMIMIETIR). FFT L, T4 1.3.4 Bl 5

D 1 K A S SR AE 4 b THRUK - R (A SIMTRE AL RE o RS0 BT QA/QC B i, 45

AR R 28 R A ZE BV E A v Ik Bk A AL A FUIAR AN ZS EUIAR FATRE. ks Bl

diER 0.22% ~2.82% , It Z B it AR AL XS KR FRAE SRS L g i R b R 5 A A PR K 3R i

o R JRE )R AT Y 5 23 AR T4 o A S el A 11 v
1.3.2 WSy BPE. 2 MG W e K A b ) AR B R TR 82% ~

KRE ;)R8 48 KK B2 B AL (YST ProPlus, — 111% 2 J6], LA 3 4345 M b R 3% 07 36 9 Gt BRE ( limit
Yellow Springs, Ohio 45387 USA ) {47l & S 4 2he of detection, LOD) , 10 1515 Mt kb ok & 12 BR (limit of
PR E(DO) | IR (T) | FRTE (pH) 55 BLAL TR quantitation, LOQ) , H{&RZE R ILZE 3.

®3 HBFMWKFHREKER GC FM4THIEK R H R
Table 3 Recoveries and limits of detection of IBP and DFC in water by GC

B/ % e PR A R
e 20 pg-L~! 50 pg-L~! 100 pg-L~! /gL /pg-L7!
g5 82 +9 82 +5 85 +4 2.4 7.9
WEASSTR 107 +9 111 6 98 +4 2.6 8.6
1.4 FfEuab Samples ¢ Test) 7387 2= 15 22 AL B9 %2 M, >R F Pearson
FIH Origin 8. 5 YEEIFHE, I SPSS 13.0 BAK dEATAH ST
R I7 22531 (One-Way ANOVA ) AN [a] 15 1 25 B %F 2= (ST o R (6 s b/l N/ W i a M
FRACR IS0 | B 187 7253 BT ( Univariate ) 1.2l In (¢;/c,) =k (HRT)

TN 22 R BB B 0, TE X RE 5 ¢ B 36 (Paired- T e, WIEKBURIRIE (ng-L7") e, H K BT
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Table 4  Influent and effluent water quality in two seasons

B i - LS - laSs -

T/°C pH DO/mg-L~! T/°C pH DO/mg-L !
K 31.4£0.2 7.7+0.1 7.7+0.1 22.5+0.4 7.6 £0.1 7.8 0.1
CwW1 32.2+0.4 8.2+0.2 0.2+0.1 22.3+0.2 8.1+0.1 0.3+0.1
Ccw2 31.6 £0.5 8.2+0.1 0.2+0.1 22.1+0.2 8.1+0.1 0.2+0.1
CW3 31.9+0.4 7.2+0.2 1.2+0.2 22.4+0.2 7.4 £0.1 1.3+0.1
Cw4 32.3+0.2 7.6 0.2 1.0+0.3 22.6+0.2 7.7+0.1 1.2+0.1
CWS5 32.4+0.4 7.2+0.1 1.4 0.3 22.8+0.2 7.5+0.1 1.3+0.1
CWo6 32.1+0.3 7.6 0.1 1.2+0.2 22.6+0.3 7.7 0.1 1.2£0.1
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Removal efficiency of TN, NH," -N, TP and COD in different constructed wetlands
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Fig. 2 Removal of IBP and DFC in different constructed wetlands
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Table 5 Results of univariate analysis

2ty ok A LS A s
V-5 H ¥y F Rl A ¥5J5 F
T 1.518 2 0. 759 286. 480 ** 1.298 2 0. 649 467. 402 **
Eiret- > L] 0. 068 1 0. 068 25.520 % 0.075 1 0.075 53.792 **
T2-HY 0. 059 2 0. 030 11. 159 * 0.027 2 0.013 9.638 ™
T4 0. 349 2 0.174 58.691 " 0. 039 2 0. 020 4.357"
AT it 0.011 1 0.011 3.709 0.011 1 0.011 2.365
T 214 0. 005 2 0. 002 0.793 0. 001 2 0.001 0. 148
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Table 6 Decay constant £ of two pharmaceuticals in

different constructed wetlands

, B2 k/d! Z ksd!
E

KRt WIS KRt B WESR
CW1 0.121 0.379 0. 121 0.258
Ccw2 0.116 0. 453 0.112 0.294
CW3 1.225 0. 546 0. 990 0. 489
CW4 0.751 0.576 0. 697 0.531
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COD M EBRBUR B B ZE A C(P<0.01), X5
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W ELR A T IR R

RT HYERRSKUBROEXREY

Table 7 Correlation coefficient between pharmaceuticals removal efficiency and physico-chemical parameters

DFC/% TN/ % NH, -N/% TP/ % COD/% pH DO/mg-1.~!
IBP/% - 0. 806 0.982* 0.984 ™ 0.941 ™ 0.933 ~0.968 ™ 0.929 **
DFC/% ~0.853" ~0.859 " ~0.772 -0.936* 0.868 " ~0.955*
TN/ % 0.994 " 0.881" 0.977* -0.939 " 0. 942 *
NH, -N/% 0.916* 0.970* ~0.958 0. 942 **
TP/ % 0.833" -0.977* 0.882"
COD/% ~0.916" 0. 965 **
pH -0.961
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Fig. 3 Relations between removal efficiency of IBP

and dehydrogenase activities
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