%42 % %34 E 4 K HE K Vol. 42 No. 3
2026 42 A CHINA WATER & WASTEWATER Feb. 2026

DOI:10. 19853/j. zgjsps. 1000-4602. 2026. 03. 002

EYREFRE N TR RERTK /K REaaizg)

', YAHIT-BRE', EHRE, THEMS, K OB,
BRIk T AR AR 75 k!
(1. HBRFASEREFRE GHNAEAZHKFTHRETLELE, Hi2 L& KF 830017;
2. #FEBRF AT, #58 BHEKF 830017; 3. L AR LB RKFR swmb
W TARFR, #ig 52 K5 830017)

i E: BARAANMAFEAL(PPCPs)d TABRGFRAYDLEZIRYEMRRLS,ET
RAF AR 2N, A, MET AN BILFHBELRAATRBI(E-VFCW) X A%,
FIRE R 2T KA I T BKF PPCPs g st Aotk . ERER MRS FH NG LT,
E-VFCW il it & # d AL 2 R A% A MMty 09 42 GAF A T BALKT AT e dh oy ok, ST 2t % 7424
WiF MG, HAEANBEINE T, RN EFEET KB H B (Longilinea) /K FHH B
(Aquimonas) Fo 35 47 1 & (Flavobacterium ) 35 X 4 2h 88 i A My Fo b B ML A P o %R A KR Rt
K P T RIERRET BT ERTTANENT RAETHS FTRKARSRG LR,

KEIF., ATEBW; Abibs; FARAE)REK; Hip; MAMEER

FESES: TU992  XEkfRiIZAE: A XEHS: 1000 -4602(2026)03 - 0010 - 08

Bioelectrochemical-Constructed Wetland for Enhanced Removal of Typical
Pharmaceuticals in Tailwater from Wastewater Treatment Plant
PENG Jie',  AILIJIANG Nuerla', CUI Yincang’, HE Chaoyue’, ZHANG Yue',
TU Xifeng', ABULAKE Abudunaibi'

(1. Key Laboratory of Qasis Ecology <Ministry of Education>, College of Ecology and
Environment , Xinjiang University, Urumqi 830017, China; 2. Analysis and Testing Center ,
Xinjiang University, Urumgqi 830017, China; 3. College of Petroleum and Chemical
Engineering , Xinjiang Applied Vocational Technical College, Urumqi 830017, China)

Abstract: Pharmaceuticals and personal care products (PPCPs) are frequently detected in effluent
of wastewater treatment plant due to their inadequate degradation during conventional biological
treatment processes. In this study, a lab-scale bioelectrochemically assisted vertical flow constructed
wetland (E-VFCW) system was developed to evaluate its efficacy in degrading and removing PPCPs from
secondary effluent. Without the need for external carbon sources or chemical additives, the E=VFCW
enhanced the removal of organic pollutants through integrated bioelectrochemical and plant—-microbial
interactions, achieving advanced and efficient purification of multiple pharmaceutical pollutants.

Microbial community analysis revealed significant enrichment of key functional and electroactive
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microbes, including Longilinea, Aquimonas, and Flavobacterium. This technology provides a promising

solution for controlling pharmaceutical pollution in low C/N ratio wastewater, demonstrating the

considerable potential of bioelectrochemical systems in sustainable wastewater treatment.

Keywords: constructed wetland;

plant; pharmaceuticals; microbial community
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Agilent-C18 {434} (4. 6 mmx250 mm,5 wm) #17E
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A 40 Arb (arbitrary unit, FTRAEESRAL) , H R
TN 10 Arb, B AL RS IR B R 325 °C, i )
4350 °C.
1.4 HEWIBIRONE

F 5L CWs HRLY) A= BRA fRFR AR AR 1k, 43 31)
TEIRS H 5 AT AR , ] 95% LS U Y)
2R Ryt ER B o B SRR R
it FBRAR 2L B 22 i L 22 I T B (MDA ) R
K TR A ALY AR (SOD )R A K6 A ) SOD &
o e RIS T A A B B R 25 i,
UG SRR T (R Ak I (25 ) 4140, R
P SCER 13 ] i iR R BUE I A B P A &R
WA RE B R T 91 100 B G g 470 43 . FREO0. 2
g AR TN CIE PR IR 22 vh il TR 5 0
SRR TERE S, B0 50 B8 LIS W, R Lk DB

- 12 -



www. cnww 1985. com

%, DR RAOATR ARG RT KT RA LY

FHA42k FH3H

FEEIE LIEW AR T A . A 4R
YSLI 245 0 6 D00 12k 5 7K R 1) — B
1.5 REWMEELEMIWH

FER Y25 T |, RAE DA/ S8 X B R 1 11
P ETE e, RBRH YR R IR A5 X RG TS
T8 B R A X5 Je AT 16S vRNA 157 38 U 5 43
Bt il V4-V5 Xl H 519 S15F F1R907 14 $2 5
DNA [ 16S rRNA FE K o f 4= W B 7% R Nllumina
e U AR AT T
2 ZR5%

2.1 FHEHUE KRB IERR

B—B B ILE AT 42 d, HP T 14 d RGEANE N
HL R B, IBU AT ENR 25 B AR FEFE 100% 5 OFL Y 25
BR 23 AE 94.35% LA I, P35 L BR %8 98. 61%; DCF
B 22 B3 3R AE 33. 81%~76. 42% 2 [A] , 14 = [ F Ny
60.50%, 7F 14~26 d, RGHEM 0.9 V I £, IBU,
ENR ., OFL 4 25 B R 52 7€ 100% ; DCF 1) L FR R 2
TR AE 18 dJF KB R WA E A 100%. 25
b I B AT i H RS IBU \ENR BB e 3500 550
FEBRALBE ;N 0. 9 V EL R A FoR ik OFL 2555
TEASE N FE B B9 A5 00 T L DCF 45 22 B F 85 5L gk
SRR ARTE RN L R 2 5, He R BRI P 2 T
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5 06 (4 9K B ) 454, T Y B B for 541K A
FI T 2540 P e fie , e L 25 6 R 00 o ) PR 35
e AT F T K 72 308 Tl g 7K 25 v 10 R Ak o
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Fig.2 Removal of pharmaceuticals in real tailwater by

coupled process at different HRTs

TE 32~44 d, % b dg- 48 B Fn R A8 B ) g 7K v 5 b
ARV 2 bR DTk, 45 R R W], SMX . NOR \ OFL,
ENR . TMP 75 IR 480 X1 24 25 B 585301 4 80. 84%
88.90% . 89. 40% .92. 44% .93. 78% , 1£ 1% X 1) °F-
B LB RAK KN 7.27%.5.31% ., 2. 60% . 0. 21% .
0. 40% , BV H bRi5 Ye ) 35 ZLAE DR A DX Rk

A R RIF LA R AE CWs Y K BRECR
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ihe S B S LR Ve 25 2 o SEBR b H s
FRAE B AR PA 2 A REME CinsikdE Fooe v ) BE 3R
A L FE AT S AL, W B AT 45 G T P R
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552 85 IR 7 (AN BE L pH K g B 25 I 3 i 52
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TE R Gete g is AT W], A ) b - R iR 5 43
A=y A N R W T G mT DU Ry AR
KARB Y B IR FNE TR, AR AR 2 N AR Y
W BEE ARG AR At TS B AR AR AR B O A WA AT
HHES A K LI /KX E-VFCW R4 A4 ()
Jp A SR BE LSS . MEWITE RBRPUE R TR E 2K
FEERVER Pk 2] i 40 i B g 5 W) T2
P HOT MR, TR RS BIAR (A 2E b el
YIHZIP R E L W WoR A TR R S A
) NOR \OFL .ENR % #7351 4 8. 62 1. 44 (1. 53 pg/
kg 1 11.07.13. 13 8. 94 wg/kg; Hi 350 () TMP &
O 0. 37 pe/kg, FEHL T HB A AKE H 5 1 SMX 7EH |
FHL R R4 H . NOR ,OFL ENR 7£ 75 J1 46
K558 ZB(TF=C 4, /C &) 55124 0. 78 0. 11,0. 17,
TEARES B 25 ) 5% B S i KT 25080 . RGEX TMP
1) 25 53 38y, FLAEAR ) v % 5 2 ) AT, A ) AR
F P B T A P A T DT B A T R A R
fiftBE T AR 2R 32 BN WA = A AR /N Al
IR 7 A A S A TP (ATl , A T ARG HL A i
VI T 384 0 & B . SMX TEARE Y AR A ), Al i
P X6F SMX (1) W2 W i o A BR i Wz A /s v 2k A R
RS, 25 BT, 1 )AL B A IR K A 7R
UAE R AURE T, R i B W AR ) 2 i XU AT
ANET 2

2% 2R AR YA A PL AR i A B AR K
WEAR  TOCA M RE R ae s e .
PRI I AR 2R AR 1. 46 mglg, BRI AT I
Tt 24.02% , 3% 2 R A BT M Ak T G R T
4155 B 9 B 5 PR 560 I A ) 25 0 2 2 AL Bt B 1
Mg R i B IO G, oA BT R R GRS TS 1
s 0. 39.0. 12 mg/g) .

MDA & £ 7] LA WA A7) 18 52 300 55 4 3 B R 2
TP B B W 32 0% AR R AR IR
1 EARAE T, MDA 2 R AR i 48k 1Y S5 28 3 itk 72 ) o
SOD [ ZAFAE THEW A R W ik b — 2
PUEAYIEEZE , LS5 T AEWIR T T A X
FREREE e (0 28 A A SO o D o, i 25 AR
SEEBAL Y MDA F1 SOD 7 it A8 Ak AN [m] , HAB A A7 7
2R WIRHT G I AErt 25 AR ER 4 MDA
AR 0. 026,0. 037.,0. 050 wmol/g F10. 006 6,
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0.007 5.0.001 0 wmol/g, SOD & & 435 Ky 214. 29,
249. 68 268.75 wmol/g Fl 171.51. 82.56. 178. 66
pmol/g, Bl MDA, SOD % i 4 18 3 F [ . ThAR#
LIS o 38 EAY HL R REAS i A AR ) R R
VIG5 Y W RE 71, ELSUE Wy LA T s i ) 7E
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25 LT FE AR W - A W U IR AR e e
VST 1 AR Y (F5 70 46) 76 R /K W ae PR35 v J
R AF IS B . B A S R (RE Dy 15~
25 °C) F AT, A2 2= RN B S AL /N, T RETCIA 58
A W S o TR I v 2 P R R U Bl 6 R Ge
REMSZ I . PRI, Je 2 ] J 0 I ZE AR IR A AR i 4%
T BT S8 P AL IR B A P v Ak 2 T 11 2
FERW , AE— 42 TF E-VFCW 2R G 7 52 s TR
FHH B S8 38 I 1
2.4 WEMBEEETH

R GER M AR S U BRI R,
BIXE 2 G rp DR R R X5 VIR AT R A R T A
M. RENMAED ZHEIEEOLE 1,
FETFHEFNG VR , i317)5 Richness 388035 i, 154 HH
A W V% E A Fr 2 5 Shannon 48 807 5
Simpson FEBEAR , UL B A W B TR 2 R AT T 4
e B, AW ARG RGOSR T RHUEY)
ZBRIS YR RE Sy, T HIHRE T CWs FR A TR MR
TRA5H Bt TR I B Rk

K1 HEY o SHEMEIER
Tab.1 Microbial alpha diversity index
FE A Richness | Shannon | Simpson
JRIR IS T8 (RO Ae) 659 1.26 0.2210
1487578 (Reap.Ae) 3 860 2.98 0.003 6
SRR 45 2 (RO.An) 1306 1.70 0.085 2
R4 15 ¢ (Reap.An) 3599 2.86 0.006 4

Ji b 15 Ve S R AR/ A X s e 7R T 1K F A i
A=W RE I 53 A AN L 3 s o ARG R BEHERT 7 A P 3
BT AR B 7 1] (Pseudomonadota) | #0044 1)
(Bacteroidota) .77 i | ] (Planctomycetota) &% [ ]
(Chloroflexota) IR AT ] (Thermodesulfobacteriota) .
M FE ] (Bacillota) (& F-7 [] (Acidobacteriota) ,
TE P& X0 AR X 3 B 0 il O 37, 42% . 16.78%
9.31%.8. 46%.1.90%.1. 26% . 1. 13% , 7E4f- S X 1)

AHXT 32 BE 53 ) Ay 44. 82% .27. 04% .6. 47% . 1. 36% .
0.09%.0.94% .3. 69% . BREME T PBAFEET] 7
T ISR B2 AN TS s b B R 45 b Ui
AT, B R A B KK F ALY
IBE , 55 Tian > P AF LS R — 8, DR R
BT R T T2 A RR M EAB, A F & bt
RPN, HREEREfT SAs™ .

100 B Actinomycetota
[ Acidobacteriota
[ IBacillota
80 [ Thermodesulfobacteriota
a
S
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ﬁ .
=
= 40
20

0 Rcap.An Reap.Ae RO.An
R/ S
B3 [TKETHEDWENEE

Fig.3 Relative abundance of microorganisms at phylum
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