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Application of Composite Constructed Wetlands in Tailwater Purification of Urban

WWTP Case of Junshan Wetland

WANG Hanzhe”
( China Water Resources Beifang Investigation, Design and Research Co. , Lid. , Tianjin 300222, China)

Abstract [ Objective] To effectively mitigate the impact of wastewater treatment plant (WWTP) tailwater on the Dongting Lake
basin, reduce pollutant concentrations, improve water environment quality, optimize regional water cycles, and promote reclaimed
water reuse, this paper takes the Yueyang Junshan tailwater wetland as a case example. By constructing a constructed wetland system to
enhance the water quality of tailwater from the Junshan District first WWTP and second WWTP, the paper systematically elaborates on
key aspects including: determination of influent/effluent quality indices, adopted treatment processes, main design features, operation
and maintenance practices, and purification performance evaluation. [ Methods | The constructed wetland system is designed with a
treatment capacity of 20 000 m*/d, employing an integrated hybrid process comprising " composite vertical subsurface flow constructed
wetlands, multi-stage surface flow constructed wetlands, and ecological ponds". Zeolite is selected as the primary substrate material
due to its enhanced pollutant removal efficiency, while native aquatic plants with superior contaminant interception and adsorption

capabilities are introduced. The system achieves efficient purification of tailwater from WWTP through tripartite synergistic mechanisms
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involving microbial degradation, physicochemical interactions within the substrate media, and biological uptake by hydrophytes.
[ Results |

water meets the requirements of the designed effluent quality standards, and realizes an annual pollutant reduction of 146.0 t of

The composite constructed wetland process shows good removal efficiency for the tailwater from the WWTP. The purified

chemical oxygen demand (COD) , 29. 2 t of five-day biochemical oxygen demand (BODy) , 36.5 t of total nitrogen, 25. 6 t of ammonia
nitrogen, and 2.2 t of total phosphorus. [ Conclusion] This composite constructed wetland demonstrates high efficiency in removing
pollutants from tailwater of WWTP. With the advantages of small occupied area and easy operation/maintenance, it effectively reduces

pollutant concentrations discharged into the Dongting Lake basin, improving water environment quality. The project serves as a

demonstration and reference for similar water purification projects treating WWTP tailwater.

Keywords WWTP tailwater composite constructed wetland
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Tab.4 Pollutant Removal Efficiency
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PN ES 5.2% 5.2% 4.3% 5.6% 8.3%

RFRM PN TR — 3, BRI bt
FERI B G — 4, b5 0 K i 4 T8 HE A 52 4
KA

XK S5 R s a) A 0. 35 d, E 25 Yl

WA COD g 4.32 ¢/(m*+d) .BOD, 4 0.86 g/
(m*-d)  BAN0.94 ¢/(m*-d) AN 0.09 g/
(m*-d) EBEN0.09 g¢/(m’-d), 1% X854 2=
BRGNS PR,

E R IREE Y/PN T €

Tab. 5

Removal Efficiency of Pollutants
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Tab. 6 Effect of Water Purification

iH CoD BOD; BA 2A PR

B K/ (mg- L) 50.0 10. 00 15. 00 5.00 0.50

WIS K/ (mg- L) 32.7 6. 54 10. 68 1.61 0.24

LR FIBIBEH K/ (mg-L7") 31.0 6.20 10. 22 1.52 0.22

A BB K/ (mg L7 30.0 6.00 10. 00 1.50 0.20
BEBREE 40. 0% 40. 0% 33.3% 70. 0% 60. 0%
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6 ZEie
sewage treatment constructed wetlands and aquatic plant systems

= A 3 e N

Zt:l:*ﬂii&iﬂ%}u*%j‘j 20000 m /d’ﬁ)dl{%ﬂsﬁ a [M]. Beijing: Chemical Industry Press, 2020.
N e = N S
Jr44 118 w* RMEAMATIIT L, HAOKBT (27 pin, 0%, Tz, % 260 A IR ki
BNV ZEPRE CEAMEBEER SN ) R X5 Y Py JRAHR AR R ST )], BREAR S 08 R 3,
LERBORBAF, ZBR A COD i 40.0% , BOD, Ky 2023, 43(9) : 11-15.
40. 0% 4 /ij? 33.3% ’ﬁfﬁﬁq 70. 0% M @iy\j HE F, LIU J, DING H Y, et al. Design and application of

. NP . N . NS

60. 0%’/ﬁ‘:qjEéﬁﬁi}ﬁj\—r?ﬁl&ﬂg%%iﬁ%%fﬁo waslewaler treatment plant tailwater [ J ].
ﬁ&&%ﬂi§7kﬁiﬂr%7k)\?ﬁ Tfﬂﬁﬂ jljiﬂ(lﬁ . ﬁﬂ‘j]ﬁﬂ Protection and Circular Economy, 2023, 43(9) . 11-15.

AR B AR TR P B K FO 5 K AR B (3] WilaR, S, 26 RO AR A T
7K7kﬁﬁ¥%‘{£1$§%'fﬁ%?@5%% ST AT AR RS E B[ T]. AT, 2023, 41(1)

181-188.
&% 3Lk

LU S S, LIU M, ZUO Z. Application of tailwater constructed
[ 1] WmiZas, M, THE BO5KA BN T FK AR Y &R
Gt T M. deat: A Tk iR, 2020.

HUI W M, FENG H, DING Y. Design manual for municipal

hybrid constructed wetlands for advanced treatment of municipal

Environmental

wetland in the great protection of Yangize river; A case study of
Jiangdong water ecological park[J]. Environmental Engineering,

2023, 41(1): 181-188.

— 186 —



weook HoR
WATER PURIFICATION TECHNOLOGY

Vol. 44 ,No. 10,2025
October 25th, 2025

F, BTF, BRS. BXTE EWe X 5K K AT
L RGO G 8t LUT B 25K KR 5]
[J]. BB TR, 2023, 41(sl): 33-35.

WANG N, TIAN G Y, CHEN X. Research and design of
constructed wetland purification system for wastewater treatment
plant tailwater in upper yellow river area: Taking Ningxia
Haosheng wastewater treatment plant tailwater wetland as an
example[ J]. Environmental Engineering, 2023, 41(sl1): 33-
35.

b, RGN, TREF, % N T IR MR A BT R KR 5
PEIRLT]. EokEAR, 2024, 43(6) ; 9-19.

JIW, ZHU M X, ZHANG S, et al. Research progress on
constructed wetland for advanced treatment of municipal tailwater
[J]. Water Purification Technology, 2024, 43(6) . 9-19.
XN, BRIV, AR, AF. AN IR H DR S AR R 2
P E G R ROR B R [T]. ok Ok,
2025, 44(1). 16-25, 177.

LIU X T, ZHANG X L, SHEN J, et al. Research advances on
common fillers and different modification modes of constructed
wetlands for purification effectiveness of main pollutants [ J ].
Water Purification Technology, 2025, 44(1): 16-25, 177.
e N BN A AR PR BT, A T MK T v b B R 16
[EB/OL]. (2021-04-14)[2025-03-05]. https://www.
mee. gov. cn/xxgk2018/xxgk/xxgk06/202104/120210430 _8315
38. html.

Ministry of Ecology and Environment of the People’ s Republic of

[11]

China. Technical guidelines for water quality purification using
constructed wetlands| EB/OL]. (2021-04-14) [ 2025-03 -
05]. https://www. mee. gov. cn/xxgk2018/xxgk/xxgk06/202104/
120210430_831538. html.

Mok, AN TRRH 5 KAEBEEOR[ M), dEnt: Fhaf s,
2021.

CHEN Y H. Constructed wetland technology for sewage treatment
[M]. Beijing: Science Press, 2021.

PR, AT U EHE K AL B TR B B H TR
BURRERCRPIFE [ D], Jbnt: i ERbE B K A A e
i, 2004.

HE F. Design of composite vertical flow constructed wetland
waler treatment process and its purification efficiency for nitrogen
nutrients [ D ]. Chinese
Academy of Sciences, 2004.

W, U, IR, AF TR RN T C K 4 S Y
FELI). HEFERAE, 2000, 29(8) : 828-832.

XIE X L, HE F, XU D, et al. Uniformity of water distribution

Beijing: Institute of Hydrobiology,

system in vertical constructed wetland[ J]. China Environmental
Science, 2009, 29(8) . 828-832.

B, P&, XL, AT SN By 3515 it vk A
KBHFELT]. FERE5EH, 2013, 38(8) : 8-16.

ZHAO W X, TAO L, LIU H L. Analysis on clogging mechanism
of constructed wetlands and clogging prevention measures [ ] ].

Environmental Science and Management, 2013, 38(8) . 8-16.

(L% 107 1)

[13]

CHEN X Y, FENG J, WANG H M, et al. Isolation and
identification of sulfate-reducing bacteria in goaf water in
Yangquan of Shanxi Province and domestication for the reduction
[J]. Acta microbiologica Sinica, 2022, 62(6) ; 2104-2118.

FAN N S, QI R, HUANG B C, et al. Factors influencing
Candidatus Microthrix parvicella growth and specific filamentous

bulking control: A review [ J ]. Chemosphere, 2020, 244.

[14]

125371. DOIL: 10. 1016/j. chemosphere. 2019. 125371.

JAZR R, SR, WG, LUK MBBR T2 76 F P S TR
JLI]. W E%AKHEK, 2020, 36(22) : 37-47.

ZHOU J Z, WU D, ZHENG L A, et al. Engineering application
of pure MBBR process at home and abroad[ J]. China Water &
Wastewater, 2020, 36(22) : 37-47.

— 187 —



