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Fig. 1 Schematic diagram of pollutant purification by constructed wetlands.
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Fig. 2 Classification of sewage sources and the proportion of literatures.
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wetlands.
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Table 1 The purification and removal mechanism of wastewater containing nutrient elements in constructed wetlands.
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Y- A Y BAE T 0, 5] AR PRIEAE ) (PGPR)
PEACBETE L LR I 1 45 /IR A, 35N Ca/Mg-P LA,
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AL SR A FORBES I — LT AN TR
MIBRBERCR . JEFT LA B S i R PR AR I B 28R
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7o HA &t m BN & ReA (in—COOH,
—OH) 1 L g % 38 5 1A W B 5 5 W Ff hE
I3 P, X A AR O ] TP LR At
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% TIP3 A0 T R 5 6 S L o s B s el 71 5
TR g U 1) PR 254 5 AR R4 AR TG P 67 0, R 2R AT 3k
999% " SE A IEURE (AR AR . SR AN B
BRSSO, I8 BEDE AL AN B REVE 2854, MR 3 R e
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BRBEDLH: NaCl {2 B M7 17, Na BURBEIRR -
1) 4 i P B I v AR A7 H ey, 3 58 i H I BRF 5 [R] T,
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5. KRR A N TR TP F R nl ik
76%, H EEARKIUTIEVEH, i 5 (SEM) 5hEi%
(EDS) 43 Br e Wik 1 2 AVUIE R et 1) 0 Ak
PEVE A7 BL 5 N TR TP 25 [ 3 Al 3k 91.05%, (&
WAL BE 32 N JE R R R, 455 T A LU Ca/Mg-P 5
Fe/Al-P g3 100 | B AR e PERESE + S AW R R
B BURL U E 2L T8 A 45 A S0 S i 45 A e, S
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HIMI L AL AT (R 1 R T g R B — A R 1 A
MM SEBE AL S (PH,) MOTE RS RS, W3 1 i i
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22 SHIEK
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Table 2 The purification and removal mechanism of wastewater containing organic matter in constructed wetlands.
by € PN ALY S UGHR E BHEERR He bR EEPEN
INSREE A TR TS K GAEER COD: 28 ~33mg/L COD: 80% T I RREAe, LSRR [9]
JU. . COD: 413 ~ 708mg/L COD: 80% B ]
S K SNSRI TPH: 106 ~ 228mg/L TPH. 97% L R e, AR [12]
TR GURK . BOD;: 39mg/L " A
Fl AT VS COD: 100mg/L BOD;. COD: >40% A A fie, S e [14]
S5 K TR COD: 50mg/L COD: 70% T PR, B TRA [24]
ek . PRI IK EHH COD: 270 ~ 320mg/L COD: 73% T PR, B TRA [25]
TEKARER) 5K FHR COD: 104mg/L COD: 75% T PR, B TRA [47]
HEETE K EHH COD: 33 ~ 300mg/L COD: 92% T PR, B TRA [63]
FHEIEIK EHH COD: 400mg/L COD: 91% T PR, B TRA [65]
_ . COD: 4300mg/L COD: 91% ) ]
,t 5 v ,'J; §k : g
SIS FHR BOD;: 1672mg/L BODy: 95% T W R, S5 TSR [66]
3§ /é.‘r 1
mj\i; ng HH ETHR COD: 500mg/L COD: 93% MR, SRR [101]
T 24 COD: 570 ~ 620mg/L COD: 87% A e fite, SR e [102]
VEIKAREE) T g K WA ER  COD: 200 ~ 300mg/L COD: 66% LA e i, SR e [103]
_ o . BOD;: 32 ~ 55mg/L ] ]
4 1 R 7K AR AL I : 34% ~ 50% B , 2/ i
ZHFHETE K WK ER:EINT] COD: 200 ~ 304mg/L BOD;, COD: 34% ~ 50% 13tk Wpiacfise, JE R bk [104]
PEE A K TEE L COD: 374mg/L COD: 95% AR A, LTI [105]
TRAATH LK TEE L COD: 112 ~ 601mg/L COD: 74% AR A, LTI [106]
HETETEIK EREINIT] BOD;: 350mg/L BOD;: 62% ~ 92% AR A, LTI [107]
V5 KA F) A RS Y Rk IRV COD: 33.2mg/L COD: 51% T I RREAe, LSRR [108]

M SR AR . MR P, etk foe . R MR &R
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R ff TS el o S O o W B RN 2 A1 s Ak A B
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H 40 iAW EA4 TPH FEfRGE 1, Hrh B/ 7eiE
WAER ARG R R L N T R R
(b kA AR A TR I AOE
85 TPH, H L BRYERESZ RN . 4540 B L IR
S AR REE A BRSO & SR A A 2 4,
SR Y R I B E AR T . T E R,
ANBIFFIR . ZOAT IR B LC IR R oA AU 5 2 i
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TS ALEE L (FTW) ke A e A KA, BEAE N
AW NE AR LB TS 4, SOk S A Y R i A
PEAUERN B A K A T, SR IAEAR BRAME A= W e,
XK BTG R e L R Y
KRN TR, ZEAFF 0 s A oy B A
WL SKAEAE IR, P 2RI K RS M &
e LSS B I IS AT 441, TSR AL TPH 2
BRACHR . filtn, 78 RGP SOF iR m is ), v]
PR LB TR L B CAS ST B A A 25 TR 1
A R R Rk T 97% 10 L Mim Kk Ak R
£ H-100 ~ 300mV i}, FHetk 2 4 £ 5, AT iH
i FE R TPH £ Bk, LBRF KT 84% 7). BhAh,
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TeAEAR LS X e R pH FIAEAL A T R (3 45
RS 52 . JERGE 8 . R 2R DITE M
BT N ARESE, KR 5 kmH
Y BIAL R SR SRR OG L2 R LT RS
MU AR I | I AL B Re A W S 4 8P
A, DTS I B 100 L AR 3 S AR
s LB AR, W IEE TP AR > 25
> D200 AT A A HLIR B 4 4 IR LR AR
P LT R AR PR AR B T AR TE 4R A R T
BEFIITCVE, JEAE I 4 R o E R L
Fh AR B (AMF) J7E 7 58 E i A\ T g
AT, 1T i S A ) A K AT R AL P, 2%
fif S AR A0, R EE 3G AR AR R N 3 T 4 S Y
TR, FFRAL I 40 AE 53 A, AT T R S0 1 22 BRak
SRV W B TN ARSI — M Cd, FFE i
FUER Fe/Mn & AL #E, 0 M Cd 19 L BR R ik
99.7% "2 WALk TE B UL A B T D
T2 b A AT L PR K, RT M 5 4 W RE ) R R M
FEF, TR B A ML e A 4 A K I B A 4 U
TR Eh 0 I, I A AL B 2 Fh H 4 @ JF I % 42 ) 1)
i ERERS LT HAh, N M R P S A R
HE W, v e I P S s 2 AL B o B FUUFT B R
JE, B T Cr AN 9 el L1

A ELAR R FH rh, SR FEAR AR iz 35 o 17%) 2 B30 1 b
b B B DR Zn, Ni, Cu Ml Cr, KR FE N
41% ~56% 75 LIKHTE A W o R DRI B R 4 )
WILRHR FE 4 Sme/L B R E KBS, Cu, Cd. Cr I
Zn (R4 BB 98% . 95% . 91% F1919% '),
T 22 R A0 B N T2 b b PR Pb A Cr ¥5 7K
FBRA KT 94% M1 97% 12 miEE A TR
RYXT Cr Fl Pb (9 ZBRFH AL 75% ~ 97% ) 5 B
JEFEER VT 2 S AR E S BE O Cr iR B RE T, bR
986 —

Ak 91.82% 2 L AR, AT IBHLS A MR
I AT i — 254 5 T 4 B R BRACE, Zn, Cd. Cu
F1Pb (1) 25 B #4351 38 B 92.91% . 90.75%. 98.83%
F195.74% 1) = g R R G Xk Cd AT W
9 2 B R > 9 87.01% ~ 89.18% 5 64.62% ~
73.36% 1201
2.4 FHGEREK

ARk, N TR AE B Ts Je ) LB 7 IR 3
W7, KRS Y 2 R S ORH O L PR AL
4T3,

A e i B BRI, PR R | .
A 25 Je 3% 1 TG R ) SR BT IS Y ) 5T mk Rk
40% ~ 70% T H BT B Al 34 —20 B8R 20% ~ 40% 1)
TSUY), ARG | AR 2G5 R Rt ¢
Py 38 20 AR R R AT RN il 2 A, AT A B 25 B A £ I A
SERR R S5 el ) R | A KR
SRR R A PR 27 o R AR R A T e B ik
YEM o FEROBRL 2258 05 T, KA Z 9B T R E
W, BRI BB MB OHEN LR BT
89%, A LF 4 K 1 VE F R T M B4 S8 L4k e
ARTHE 2 AYREIATTHERT C/N WL
AR LR, A B FH W 2B (36.8%+
6.2%), HLAEBENEN B 460 T 8 R fefE %2 0 NaOH
HOPE R FEAT AR Y R 1 HO ) 8 Fhis e 28 Hi 2k B LR
FiBL 94%, ¥ DO Ak K G faf v] i — b 4R 2
WsoR, HIGR i S rh Ak uiaoe 113
T B R B B b A B A 35 95 K, o 5 A R 1
ERFN 14.7%+3.04% Z 100%, LLGE YRR T,
TR W AR R A B L AT
b Ak B = e 8 R B A 2 B, 3 o e W i 2
14 K £ BB ik 84% 1135 KB 4 xS
AKARFRT H K 19 Fhfe 25 19 KBR300 49.99% ~
84.96%, H 521 AR fb a3, k& 1 F 17 52 A= Wy R i
(AR A ) 2 T S i B B, DR 3ABA T T LG AR TR B )
GRESEIT BREH DL SRR TR T D L X
T T M AR, 2% PG P B b 25 b Ak B v
BE ot FEOR B FRER (LAS), W] 1 Wk FE AL T 100mg/L
B, Rl it 80% L7 L B AR Bk
TGP 2 FIR SR A T 3 3 T 5 K oA LA L S TR
i BERR R & PFAS 1Y K BR AR, {H K 5% PFAS
(=800 ) 7E H HL 1% Mo A0 Wk £1 18 M b AT 3 43 5%
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Table 3 The purification and removal mechanism of wastewater containing emerging pollutants in constructed wetlands.

~ ) ~ HG ) GG
Tk W H KA By HALLBRHLE 2% 30k
T5Kk3 PNRRITE S E R . St e SR = N
I A T T K AEER PUIREE 2ng/L 75% THEE YR [9]
FeM MK FHR 4 Tl iz SR 50pg/L 30% ~ 70% (GR35 [16]
T KA A
{i]t;fk R B-MBEREEAC U % (CED) 35mg/L 98.84% bR [21]
1 [
V5K FR T H K KEIZ BB kL PVC, PS. PP I PE % 42mg/L 82% ~ 88% %Jﬁ}ﬂm [22]
PRI g
KK BEEEIK 90%, . - ,
R 10% TEHH A AP (PCPs) 500pg/L 509% ~ 90% TR A [25]
el gk B A2 (B4R 2 ABM 45) 0.5~ 1.5mg/L 99% TR A [36]
15K AEI) 5K E =R LU A 12mg/L 94% [pER7e
15K H 5K I B NSk 400ug/L 69% ~ 88% T VIR [48]
o s s . DEP: 63% ~ 89%

BB IR TR U5 YY) (DEP %) 170 ~ 700pg/L DBP: 620 ~ 80% (@5 [49]
ERCD7TIS NOE-TEERG  EECRZ Y REMETEIEZSY) (CIP 4R 442ng/L 80% ~ 93.9% WA [106]
RiTE K BN 32 MM F AL A (PFAS) 153 ~405ng/L <30% (a7 [127]

o ) apes - Z5. 67ng/L Z 4% .
3 > Bk 92 Vi 2 J : i (¢l
NI EIK NSRRI e ZERAE 1E: 0.04ng/L 1E: 70% TE PR A [128]
AR TG K He 19 Ry KA~ NP BEF= 5 (PPCPs) 20 ~ 80ng/L 50% ~ 80% A W i [129]
JaRAETETEK HE FARSRIE, PR, THRREhEE 19 A2 51~ 146ng/L 49% ~ 84% TR A [130]
BEFMEK M HH fitf iz FF Ik (SMZ) SMZ: 4.95mg/L 99% APk [131]

A X R B et L) A s AT
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e 51 e A SR A T At A A 0 = B R RO B A ST
PR EAE L L EAN— L ABH T S A A
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WA, (RIS AR SR A i D Rl P 1
UEAb, SIS N T30 25 & vl A 5k 25 B i g i 41
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XTSRS Yy L AT M Ze B R
BB ZES, i, HAMA LIS YY) (POPs)
(AR 2K — H iR fis2 (4 DEP. DBP) 7E AN [l HUE R 45
h LK 54% ~ 89%, T XF PFAS 14 S48 A P4
A ) 22 B 2R3 BEI% (<<30%) ' *°) . PPCPs 244
Ji 1) 1, DEET, DEP 2B %5 50% ~ 60%, ifi A
T& BUR 25 HHCB Al AHTN 2 BRZE A 35 90%
PAE D205 g A SO T H X ) G vk T 43 5
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H41% F170% 28 HrAE T, PUBR R AR RS T
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SEAE VML R G R T ik 989 2 L AR AR
SNt i FF M | BRIV | R MG A L RO B
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B o)
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RBTFH— LI
2.5 FUWRIHE 5K

TG KR, |y (F). R (SO7 ) FnEfk
Y1 (C) J& % WA TCALBA 2 1, SR IR AL HE Tl HEL
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A A S R

N TR (CWs) R A1 22 5k 32 SR L
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W RS AR BRI LR K, BT A 1
FRHAE R RN TC AR ) v 4 i 5 1 Dt o B 38 S A, A
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HIGHLIGHTS

(1) Due to the limitations of small generation and high technical requirements, the application of constructed
wetlands in the treatment of industrial wastewater and other types of wastewater is still relatively limited.

(2) The removal of pollutants from wastewater by constructed wetlands mainly relies on the synergistic action of
microorganisms, plants and substrate units.

(3) In the future, the contribution of each unit of constructed wetlands to pollutant removal can be further quantified,
and the toxicological risks of the transformation products after the treatment of complex pollutants and new

pollutants can be analyzed with emphasis.

ABSTRACT: Constructed wetlands are complex ecological treatment systems, and their pollutant purification
process is the combined effect of physical, chemical and biological processes. However, the types and
concentrations of pollutants in wastewater from different sources vary significantly, resulting in complexity and
differences in the pollutant removal effect and mechanism of constructed wetlands, which restricts the promotion
and application of constructed wetland technology. This review summarizes the research results on the treatment of
industrial, agricultural and domestic wastewater from different sources by constructed wetlands. It concludes that
the pollutants that can be treated include nutrients, organic matter, heavy metals, emerging pollutants, fluorides,
sulfates and chlorides, among which the proportion of research literature related to domestic wastewater is as high as
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64.45%. Pollutants are mainly concentrated in nitrogen, phosphorus and organic matter. The purification
mechanisms of each functional unit of constructed wetlands are mainly summarized as follows: (1) Microorganisms
remove nitrogen and organic matter through degradation and transformation processes. (2) The filler matrix removes
phosphorus, heavy metals and fluorides through filtration, adsorption, sedimentation and ion exchange, etc.
(3) Plants, while providing a living environment for microorganisms, also participate in the absorption and
transformation of pollutants. (4) For petroleum and new pollutants, it relies on the biodegradation of domesticated
microorganisms and the assistance of plants in absorption. The removal of sulfates also depends on the synergistic
action of sulfur-metabolizing microorganisms such as sulfate-reducing bacteria and sulfur-oxidizing bacteria. In
actual wastewater, there often exists complex pollution problems where multiple pollutants such as nitrogen,
phosphorus, organic matter, and heavy metals coexist. Traditional constructed wetland systems still lack a
systematic understanding of the collaborative removal mechanism of multiple pollutants. In the future, constructed
wetland systems suitable for complex pollution scenarios can be constructed to enhance their collaborative
purification capacity and anti-shock performance. Although some pollutants such as petroleum hydrocarbons and
new pollutants can be effectively removed in wetlands, their transformation pathways and final products during the
treatment process are still unclear. It is necessary to strengthen the quantitative detection and toxicological
assessment of the transformation products of such pollutants after treatment. In constructed wetlands,
microorganisms, plants and fillers play a synergistic role in the process of pollutant removal. However, at present,
there is a lack of quantitative and mechanistic understanding of their respective contributions and the coupling
mechanisms in multiple media and processes. Future research should focus on the analysis and optimal regulation of
multi-component interaction processes to provide theoretical support for the structural design and functional
improvement of constructed wetlands. The BRIEF REPORT is available for this paper at http://www.ykcs.
ac.cn/en/article/doi/10.15898/j.ykes.202504290110.
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BRIEF REPORT

With global population growth, the acceleration of urbanization and the development of industrialization, the
problem of water environmental pollution is becoming increasingly serious. Traditional sewage treatment
technologies are facing challenges such as high energy consumption, large facility investment and poor adaptability
to complex pollutants''). As a green and low-carbon technology integrating ecological engineering concepts,
constructed wetlands have advantages such as simple construction, economical operation, convenient maintenance
and high ecological landscape value”. They have received extensive international attention in the field of
wastewater resource utilization and sustainable treatment™. However, the mechanisms for the coordinated
purification of multiple pollutants and the removal of emerging pollutants remain unclear.

This review systematically assesses the main pollutants in wastewater from different sources, summarizes the
purification mechanisms of plants, microorganisms and fillers for the main pollutants in wastewater, and explores
the removal potential of constructed wetlands for emerging pollutants such as microplastics and antibiotics. It has
significant scientific value and practical significance for improving the efficiency of wastewater treatment and the
level of ecological environment governance.

1. The main pollutants in different sewage sources

Constructed wetlands, as an eco-friendly sewage treatment technology, are widely applied in the treatment of
industrial, agricultural, domestic and other sources of sewage. Overall, constructed wetlands demonstrate high
stability and adaptability in removing common pollutants such as nitrogen, phosphorus, and organic matter.
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However, in terms of differences, composition, concentration, and degradability of pollutants in wastewater from
different sources vary significantly. Industrial wastewater often contains heavy metals™®™), inorganic salts and
petroleum hydrocarbons, etc., and requires enhanced treatment in combination with specific tolerant plants and
functional microorganisms. Agricultural and aquaculture wastewater also contains pollutants such as antibiotics,
hormones and pesticide residues™. In addition to biodegradable organic matter and nutrients®”), domestic sewage
also contains emerging pollutants such as antibiotics, microplastics and personal care products, and the treatment
load is relatively stable. Other types of sewage (such as landscape wastewater, stormwater runoff, and low-pollution
river water) often present the characteristics of large fluctuations in water quality and complex pollution types, and
the wetland structure and operation mode need to be designed in accordance with local conditions.

2. The mechanism of artificial wetlands in purifying major pollutants

Based on the analysis of the treatment of various types of sewage sources by constructed wetlands and in
combination with the proportion of literature research, the pollutants they treat are classified into five major
categories: nutrients, organic matter, heavy metals, emerging pollutants, and typical anions, and their main
purification mechanisms are explored. Nitrogen and phosphorus are the most important nutrient pollutants in
constructed wetlands. The removal of nitrogen mainly relies on various biological processes mediated by
microorganisms and some chemical pathways. The removal of phosphorus mainly relies on the physical and
chemical effects of the substrate, supplemented by plant absorption and microbial assimilation. Both are
significantly affected by factors such as substrate type, plant-microbial interaction and operating conditions. The
removal of organic matter in constructed wetlands is centered on microbial degradation, with a contribution rate of
microbial degradation exceeding 70%!'*. Under different oxygen conditions, functional bacteria can convert organic
matter into nutrients, CO, and H,0. Heavy metals, due to their high toxicity, biodegradability and easy

"' The removal of heavy metals by constructed

accumulation, pose a serious threat to ecosystems and human health
wetlands mainly relies on plant absorption and substrate adsorption. In sewage, fluoride (F"), sulfate (SO; ) and
chloride (Cl') are common inorganic anions. The removal of these anions by constructed wetland systems mainly
relies on processes such as plant absorption, substrate adsorption, and microbial transformation. In addition to
individual pollutants, relevant analyses on the purification mechanisms of complex pollutants in sewage are also
conducted.

3. The purification potential of constructed wetlands for emerging pollutants

Constructed wetlands show significant potential in the removal of emerging pollutants. Microbial degradation
is its main removal mechanism, contributing 40% to 70% to emerging pollutants such as antibiotics, hormones,
pesticides and surfactants, while matrix adsorption can further remove 20% to 40%, of pollutants such as

3¢ Plants can assist in removing pollutants such as

sulfonamide drugs, pesticide residues and microplastics
acetaminophen and caffeine through root absorption and enzymatic conversion!'®. Physical and chemical processes
such as photodegradation, complexation, hydrolysis and oxidation-reduction also have a promoting effect under
specific conditions. In terms of microplastic removal, the removal rates of polyvinyl chloride, polystyrene,
polypropylene and polyethylene in large-scale multi-stage wetlands all exceed 89%. Under the action of water
pressure, the microfibers can be entangled with each other to form coils, which is conducive to interception®?. The
removal of emerging pollutants from wastewater by constructed wetlands has become a research hotspot in the past
two years, but the specific purification mechanism and the analysis of post-purification products still need further
study.

4. Conclusions and prospects

In terms of the types of pollutants treated by constructed wetlands, research focuses mainly on the removal of
nitrogen, phosphorus and organic matter, while studies on inorganic salts (such as fluorides, chlorides and sulfates)
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and petroleum hydrocarbons are relatively scarce. The purification of pollutants by constructed wetlands mainly

relies on the combined effect of microbial degradation, filler adsorption and plant absorption. Although constructed

wetland technology is widely applied, it still faces the following challenges: Previous studies have focused more on

the removal of single pollutants by constructed wetlands, while less attention has been paid to complex pollutants.

The types of emerging pollutants and petroleum hydrocarbon pollutants are complex. Although constructed

wetlands have a certain purification effect on them, it is still unclear whether the treated products have greater

biological toxicity. The fillers, plants and microbial units in constructed wetlands play different roles in purifying

wastewater, and the removal processes of different pollutants influence each other. It is necessary to further quantify

the contributions of microorganisms, plants and fillers in constructed wetlands to the removal effect and explore

their coupling relationship in the multi-media and multi-process action.
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