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Abstract [ Objective] Mn( Il ) is a major cause of "yellow water" and discoloration in drinking water distribution systems. The
development of efficient, stable, and controllable manganese removal processes has therefore become a critical issue in water supply
engineering. This review systematically summarizes recent advances in the enhancement of manganese removal from drinking water by
conventional oxidation and advanced oxidation process( AOP). [ Methods| Relevant studies are reviewed to examine the application
of conventional oxidants, including potassium permanganate ( KMnO,), ozone (0;), sodium hypochlorite ( NaClO), and chlorine

dioxide (ClO,), as well as ultraviolet/AOP (UV/AOP), such as UV/hydrogen peroxide (UV/H,0,), UV/KMnO,, UV/0,, and
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UV/ClO,. The manganese removal performance, reaction mechanisms, and key influencing factors of these oxidation systems are
comparatively analyzed. [ Results ]  Conventional oxidation processes generally remove Mn( Il ) through its oxidation to insoluble
manganese oxides, followed by subsequent separation. The performance is strongly affected by oxidant dosage and pH conditions.
Among these oxidants, KMnO, and O, are beneficial for promoting filter media maturation, whereas ClO, is more suitable for controlling
low to moderate manganese contamination. UV/AOP can markedly enhance Mn( Il ) removal through the generation of reactive species
to strengthen the oxidation process. In particular, UV/KMnO, and UV/0; have shown considerable potential for the treatment of
medium- to high-mass concentration Mn( I ). However, these processes still face several challenges, including competition from
organic matter, insufficient operational stability, and difficulties in by-product control. [ Conclusion] Greater emphasis should be
placed on source control, and manganese removal processes should be optimized in accordance with raw water Mn( Il ) concentration,
background water quality, and the risk of by-product formation. Future research should focus on elucidating the underlying reaction

mechanisms, regulating interference from coexisting substances, and improving intelligent process operation, thereby promoting the

development of manganese removal technologies toward higher efficiency, lower risk, and broader engineering applicability.

Keywords oxidation advanced oxidation process ( AOP)

B S EU  TK T TR R — T KA T A X
PRI KK Z 4, FEARA R VBB AL
IR (O~ +7 40) , o ZM0 4G [ Mn( 1) JJ2EECR
SRR B ik | RcfeuE MBS, Bl LKA BT
FITESAFAE , 247K IEZK T Mn (1) Jo e B 4 i HL
EERBAERS , Mn( 1) AEAE K B &AL S A
BRIT R A B AR A, e Sk K R < K ] U P 4%
YRR B N 3R A AR OR K T AR AR )
(GB 5749—2022) #x& ) /K (1) Mn( 11 ) Joit £ 4k
FRAEH 0. 1 mg/ L, fHIF 2K 0 T 48 W B K &
A BT K Mn(CT1) fg PR 98 Jo ke s o 4 o A
0.02 mg/L VAR 37k | B BRER T AR 2 1 T 3
LR R ROK T IR BRER AR T

AR T 2, B LBRK T Mn( 1) He
R RURLCIRAR A AP (MO, ) POMERE =15 2, B LB
B I R Se R AR Mn( 1) A8 Al
f#AS MnO,, FRRI S 2L T 20 (DUVE 1L U8) BRER ., X
FhSe AL 5 o B B SRR D7 78 T DA SE 4 KR LT
LR AR SRR K AL BRI S AR
G Tl A B O AR R R B, B R AR R A
(KMnO,) R (0,) . A (ClO,) KA
(NaClO) 220 ik X R 8L T2 (AOP) BRAE Y
Wi/ Hih= RG MR, ASCHSE TIAE £k
KR LR 40/ A0P (UV/AOP) i Mn( 11 ) E k55 RE
FAIL , DA A 8 20 A A R 1 A i (A 30 il
AR,

H AT K B % 2 BE AL 4G LAt T 7Kk 2t
KT ABALEE LRk S R KT, 42K IR
H Mn( D) B — M 0. 05~2. 00 mg/L*

— 2 —

drinking water manganese removal research progress

B ULBRER T 2 A AR st | P 5507 A2 B MnO,
WEER L A A - Ui i ie S Oy X, AR E
FHF M (1) ¥ B AR G B ) i K K U, AT 52 3
R RBRR  (HXF AR KRS iz 174 B4k 1
BN, BUR S AWK . XTI K R & |
PR R TS Y W K A T
oA F LA AL B UV/AOP 4k« e Ak
a4 1) Mn( 1) ZBR A2, BA T 20 M0 M
JIN T SRR DR ST AR SOR TR
AT AR S UV/AOP H2 AR TE R K B i v i F 55
PR X HBRAR AR | N LR R A AE ) LA T R GE
fiL R P

1 EMENMEARBREIRMEE

1.1 KMnO, &

KMnO, B4 0 532 8 8 KMnO, 1 Mn ( VII)
Bk b Mn( 11 ) 28464 MnO, sSSP TE 2214,
e Bk 5 B AR R R M R (1) s,
Yang %" W55 1) KMnO, BY 10 3E 4 2. 0 mg/L,
R E 1) KMnO,, 2% 24 d BT 8 4 o e
F1.4~1.9 mg/L By T oK AT SerERD SR A Al y
1 MnO, (y-MnO, ) Wz Mn( 1) , 4k 200 A 41k
AL E IR A S T B R A (8-MnO,) [ X
SEOEH FRENE (XPS) RAE /R Hrp Mo (1) JE+
IR 57.0% ], NI FE 36. 0 d SERLIEREL, H
PR —E R A Mn( 1) (BT ¥ B4 0.02 ~ 0. 05
mg/L) A F T 1% £ MnO, #JE i, KMnO, & 1k
Mn( 1) B 56 LB 420 . Mn( 1) 5% &y y-MnO, 5%
16 8-MnO, , 1 o FJ& KMnO, %Ak, ¥ KMnO,



WK R
WATER PURIFICATION TECHNOLOGY

Vol. 45, No. 5,2026
May 25th, 2026

AT 45 J5 BD U A A B ], Mn( D) 2% BR 3 0 3k
97.0%* . — &M , KMnO, 4% 8 % 5 TR e al i
ERAMH, T R%Y RA KMno, 5RA& &k
FR(PAC) A2 7 kbR , K3 KMnO, £t
JFEK Mn( 1) R EER) 1. 2~2. 0 f5 T A BR4R % R
B, Xu P HESE & BE, KMnO, B98EHI* Mn( 1)
EBRBCR A 1 KMnO, 5 2255 1 5 I #5 iy
X Mn (1) Z2BRACR A 52 M AS B 5 24 KMnO, $Jim
N 4.0 BRI, Mo( 1) £ R i
1H., Alijani Galangashi %mfﬁﬁﬁ KMnO, RIS Yapul
JEBEF, P pH (HM 7.0~8. 0 BF, 341 10. 0 mg/L
KMnO, JZ W 15.0 min J5, Mn( Il ) £ BR R 24N
42.0%; 1 A H KMnO, A9 Mn( II) % B& R MK T
27. 0%, HFFEREM R, KMnO, #0720k
48, KMnO, A1 Mn( I1) B oA 1 2 1 IR 1
YIFRAS T 22 BR AR AN, i v 0= 9 KMinO,
S REGLE AT ABIME T, 4B A& KMnO,
JEHEE KT 0. 06 mg/L 22 S8 /K (03 1) fi e |
R, K 3 E K i Mn(T0) HRBE, -4 FIORS i 4%
il KMnO, $in 2 2% A iR 2R i it

2MnO; +3Mn** +2H,0—5Mn0, | +4H* (1)
1.2 O, &

0, EH¥% Mn( 1) Ak h MnO, Ji5 43 B 5 B5R,
LA AL R R R 4 e i 20 5 R I, At
EESHRE ST, 0, 5 Ma( D) R AN (2) B
Ro Oy T BEOR Mo (1) PR3 % AL D9 [E 25 MnO,
IR A G S TG P R —— K AR T X e —
Tz o/ 4R P A AR | HL 3 T 28 Ak 2 Wi B e Ak v
SEAL R BRK B Mn( 1), Shen %1 3RHH, O,
TR U b Shis ) 41,0 d, %8 TR A KMnO,
FE AL Shintal (74,0 d) |, H O, BUEALTER S
RS L AR 4 S R T 5 (88 7% ~ 96. 5% ) , K W1is 17
7K Mn( D) Brit ik BEARE R T 0. 1 mg/L, J3A0F
FERI, B FRIRIE R 2.5 mg/L 1 O, (M8 AR
1A 20. 0 mL/min ) 8 A vy B B4R (v-ALO,) €}
HR] Az MO, {38 L) AR TR] AN 108. 0 d 47 44
% 80.0 d, % Mn( 1) Z2BRZF & =ik 96. 7% , I ARIE
7K Mn( 1) BTt AR T 0.1 mg/L, KA
SRR O, SR ATE P s R FHBR AR , & PR A TG
PE2R 5T 5 W A 300.0 mg/L. O, FEEKIE N 5.0
mg/L pH {HA 7.0 5 F,5.0 min PIAH 7K gk fi

ERE R IEM 0.5 mg/L [EE 0.1 mg/L IR, B
.0, FERERT 6.2 mg/L B4 k4T EHR
167 ,Mn( ) E A= 42 19 MnO, SR KA LT s

FEAA BRI PR IR R
Mn**+H,0+0,—MnO, | +2H"+0, (2)

1.3 NaClO #0 CIO, &4k
NaClO JK fift A= B YOS TR (HC10) Al Mn( 1)
AR MnO,[ K (3) ], Yang %" KA NaClO #i%
LB A 10 38 5 4 & L, NaClO 2 hn Ji & i % 0
5.0 mg/L I8t S0 8] 29 2 110. 0 d; NaClO 4%
TS M BE A 8. 0 mg/ L IR B[] k15 4201k S s (9
d BN 1 d AR ) Ik B ] 45 4 %2 90. 0 d ., 7
He 2R 2 BF g8 R PR, pH BN 7.0 BF, NaClO (7.5
mg/L) SRR H (K, FeO,) (6.0 mg/L) HKG £
S 10. 0 min, JREETUIE 5 B BRER 3 =15 98. 0%, i
IKAG R B <0, 1 mg/L, XIBRZES W58 T 840 A
W B B ) B 4, & B 4.0 mg/L AR (CL) 5
20. 0 mg/L AT P A B A BEMATHE 0. 8 mg/L (1
Mn( 11 )7£ 5.0 min WZERE 0.1 mg/L LI, Jiang
SEUOURIESE KB, NaClO TR AL I A 2o 3l A1 0 B4
FM 32. 0% (TLHEA) 2T 2 97. 0% , 35082 5
FE M 100. 0 em 48 & 10.0~20.0 em, 76 = JE#E T

IR 4Eds KB BT Rk BEAR T 0. 05 mg/L,

Mn>*+ClO”+H,0—MnO, | +2H"+Cl~  (3)
55 NaClO A A], Cl0, JG 7% 7K fif B vl B 82 A 1k
Mn( 1) [20(4) ~x0(5) 1", HE 1 1.0 mg/L )
Mn( I1) Irif i Cl0, B hn i B0 2.5 mg/L,
47 ClO, W E/NT 1.0 mg/L W) Mn( 1) 54
BAE, WpEE " RN, Clo, BRI
EACR S K H Mn( 1) ¥R EEA 56, ClO, &N i &
WM 0.4 mg/L B, J5K M ( 1) BRI ELE/NT
0.2.0.2~0.5 mg/L 1 0.5~1.5 mg/L I 1B % %
3N 81.4% . 68.9% H1 42. 1%, Chen 25" 4%
Clo, 5B &M, >4 Mn( 1) BT & ¥ h
1.5 mg/L . ClO, MBS N 1.0 mg/L <A
AN 282. 6 mL/min JEEPRIAE R 0. 6~1.2 mm
UEIRIEEE R 60.0 em B, BREGEFIK 97. 2%, #50
PO LI Ma(I1) B W E < 0.3 mg/L B, %
ClO, %Ak Mn( 1) HIR TR R B IW 2y 2. 4 A58, 1§
JEk Mn( I1) B iR R EFE 0. 1 mg/L LU 5 1M 24
Mn( I ) REWE KT 0.4 mg/L B, ClO, AETCH

— 3 —



XUFE S PR 90, E A

P RAL T P BUAEAL J B2 A0 G AR AL S AL R RO AT 5 30

Vol. 45,No. 5,2026

FeE 2Bk Mo ( 11) , i Ho b2 5 800 SR 81 55 5 5
R 7= A i AR, ZR L, Clo, 7F b 3 ik
Mn (1) B 28 56 e 3 4 R 6 45 3 2 @1 7 9 1) 26
THL
Mn®*+ClO"+H,0—MnO, | +2H"+Cl"  (4)
5Mn**+2Cl0,+6H,0—5Mn0, | +12H"+2C1™ (5)
g5 LTI B R AR R R Y B N T S
Mn( 1T ) B M AR MO, 57 5 )5 22 B W 0 5
T 2R A VIR BER0R B RN R 5E pH (R

7.0~8.0, JFH A E ALK BN H S5 B A %
Sk, Hod KMnO, 5 0, 1T i i 38 kL 38 it B,
{3 KMnO, Fl O, 754 M4 & DLk S ik R B, 0,
T o v 2 e B TR PR AR AR B[R] NaCl0 'H 5
T P e 50 0 Rt A5 B DA 4 T 28503 O 4 e D
th 2 W5 Clo, B IS T AR, ok B AR S g
[Mn( II) FiE¥E <0.3 mg/L] I EFEILA
MR ER R P Wy A AR o 3R 1 LR TR ML AL T
SRR M RE

x1 EAENIZHREHR

Tab. 1

Manganese Removal Efficiency of Conventional Oxidation Processes
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Fig. 1 Mechanism of UV/AOP for Manganese Removal

%2 UV/AOP BR$ExTEE
Tab.2 Comparison of UV/AOP for Manganese Removal

UV/AOP IR ZR  EE&MY/ A% TZ25H BN JriBR 27 3k
UV/H,0, -OH UV # % H,0, £ & -OH, &tk HAME Ry s PEEAG T Ma( D) [21]
Mn( I ) g MnO, VL3 ML) A 9 R B SAISORAR, HEE T AR
fEH “ARBR”
UV/KMnO, RMns ., -OH RMns 42 il HLAT WHHRE ST Ak R R ILHGE KMnO,, i & 5 50 [23]
MnO, #EIMWH Mn( 1) [R5, MnO, Fff 35 4T &
-2 175 i
Uv/0, 0,.-OH UV K H254 nm 0, RSV Mo( ) EBRREEERE 0, o & & A bk [13]
15.2 mg/L B2 20. 0 min ~ 100.0%, DOC % BR  yinos I sl 2k, 4 i
89 0% P R
Uv/Cl, Cl- .Cly .Clo- UV 3K h254 nm SRR 185.0 M —F Wik N Al B4 I #E &= 4) [17]

wW/em? B4 (DL NaOCl 1) %)
I TR N 37.2 mg/L pH {H M
8.0, RHF[H] 2 5. 0 min

UV 9% K 59222 nm (KeCl 4> T
%) \PDS Jii & ¥ & 5y 10. 6 mg/L,
pH{E=7.0

UV/id “HiERER (PDS)  s0;.-OH

2.2x 1072 7'
5.0 min J5 KR FIA
98.9%

ARILARE

(ZFEWEe%) , %t pH
gl

ARTZ N T B 1R
JEARITHE 777 AR, A
AT E

3 REKEEBFREIEEIN
3.1 REKEZERAME

7E AOP i JEJ5 1, UV/PS 1A & AR iy S0,
HELAT LG - OH B8y i e B M AN K A Hp 2 ) i), D FE
B (Cu) Bl (As) BB (Sb) & Jm/ R e mis X
B bR B R4 AT S i Mn( ) 5 F
Wa IR/ R RIEN A LR & L BA —EH
I, SO, A o LA LA E° (SO, /80T ) — it A
2.6~3.1 V,5-0H 14, i MnO,/Mn( II ) &4 5
SR G ) B F IR T 1.5V, I AR
2 L& SO, Ak Mn( 1) 4= 5L & i MnO, J& 1] 47
1) L UV/PS R R B F A& H TR 44

— 6 —

BCA Mn( IU) ZSBRI0TE ) (BB 264 T HE 23]
SO, =t PS # ik ik IR A 6 M ) E R AR R
&3k R SR REBR [ Hy Ak P IR S 4 5 T
] Mn (D) 86 ZSBRACR T S F R DL X
Mn( 1) BRGNS, Mn (1) SEALBOR e Rk
PAK SO, 5 AF A LY 38 4 55 1) A T itk — 2D 4R
R, FIHGZIAE RAER K B0 SR AT A T E T2
AT FE BB

A A 75 %F UV/KMnO, , UV/0, , UV/Cl, %5k
Z P RMns , - OH | C10 « 45 (1 4 Ji - 55 AL LA AT A
WA IR A5G T4 A IR ADGEHE 5/ HERIE 530 )2
L), — 20 1) A < W R — SR A D3 [ ) S B e A2, O



WK R
WATER PURIFICATION TECHNOLOGY

Vol. 45, No. 5,2026
May 25th, 2026

FE MnO, WRATUERL 17 1k W B — 48 A A 78 iy 15
A UV/AOP &1 TG, i g ml 45 5 T 2004k
MG —Bl J12E A,
3.2 IEEWN

B Vo Y Pt T N RSk - T - g A Ak A
b VSRR I I, B KR AT E B Ma (1)
R, B LA RK B S N TR R ¢, ki )Z
K pH FRESIE Mn( 1) . T AVCE 7, 551k
Mn( T0) RS T 230 CIHE, Mn( TT) FT iV
¥ <0.3 mg/L ¥ ClO, 5 0, # M & k">
Mn( I1) Jf & AE 0.3 ~2.0 mg/L % KMnO, 1
NaClO S ARG MR B T2 Mo ( I1) Bk ik
JE=2.0 mg/L G EIREES K UV/KMnO, 8 UV/
0, FWREEMTZEP  fes )y, HE Rt
FEVI B (AP 4R 5 ) T A0 A HE [a] 22 A | R 4k
RORSIHEER ) O MR FEH UV AT AT
VERH SRR RGN, R, iR E
BT IR SCERS A TR R B A A 40, o 75 A6
2K TN IR RGRAE,
4 g

FRERAZ 02 B oy AR A - TR o 57 R
AALFE DR Mn( D) 468 MnO, S5 BR , 745
HIEK Ma( 11 ) ¥ BES pH KRS HERE £, UV/AOP 18 i
A W I PEHI R ( RMns  ClO - 49K MnO, ) , 35 %h T
WHLEALRT E U Mn( 11) Zb B R, Hodh Uv/
KMnO, (W fff -2 B[] \UV/0, #5501 B 1 /Y
AR I, H A AT B KMnO, i & 5 800
JEREN 0, i B4 AL | CL, 81k 1 75 Bl = P A b 4 )
B UV/AOP 5 A7 4 o T4 5 1z 4 F2 e 1 1)
W, AKFTHEDS B E + B RefL” &g, —Jrim
W& UV/AOP 55 B e ikt (ansle P A 4 oK
HAUEH) MG T2, i — i d T K ES
B SR IR R G, SRR T2 AL AR AR
L DR BEAR K 2 4

S 3k

[1] LiKH,HuRZ, Li SC, etal. Induced crystallization for the

simultaneous  removal  of  hardness-iron-manganese  in
study [ J ].
Research, 2024, 245. 117988. DOI. 10. 1016/]. envres. 2023.
117988.

(2] Zeesf, fRudh, &, % FoKT ) K@ TR Sk

groundwater; An experimental Environmental

[4]

[9]

[10]

[11]

[12]

HIGILI]. HEBKHEK, 2024, 40(19) : 64-68.

LiX R, Xu L' Y, Xia W, et al. An instance of emergency
handling for increasing chroma in effluent from a water treatment
plant[ J]. China Water & Wastewater, 2024, 40(19) . 64-68.
Cuerda-Correa E M, Alexandre-Franco M F, Fernandez-Gonzélez
C. Advanced oxidation processes for the removal of antibiotics
from water. an overview[ J]. Water, 2020, 12(1); 102.

Yang H Y, Tang X B, Luo X S, et al. Oxidants-assisted sand
filter to enhance the simultaneous removals of manganese, iron
and ammonia from groundwater; Formation of active MnO, and
involved mechanisms[ J]. Journal of Hazardous Materials, 2021,
415. 125707. DOI: 10. 1016/j. jhazmat. 2021. 125707.

Du X, Liu Y, Ma R, et al. Gravity-driven ceramic membrane
( GDCM ) filiration treating manganese-contaminated surface
water: Effects of ozone ( O;)-aided pre-coating and membrane
pore size [ J ]. Chemosphere, 2021, 279. 130603. DOI; 10.
1016/j. chemosphere. 2021. 130603.

Alijani Galangashi M, Masoumi Kojidi S F, Pendashteh A, et
al. Removing iron, manganese and ammonium ions from water
using greensand in fluidized bed process[ J]. Journal of Water
Process Engineering, 2021, 39. 101714. DOI. 10. 1016/j.
jwpe. 2020. 101714.

EA. IR EOR A B R R A L R K AT
[D]. BFdE: AR, 2021.

Wang J. Study on the treatment of high-salt and high-organic
wastewater by ultraviolet/ozone process [ D ]. Jinan: Shandong
University, 2021.

TS, MR, TRM, % 55 TURE N Sk B
ISR AT ]. A7KEEK, 2021, 47(S2) : 43—
47.

Wang D H, Peng G Q, Wang Y H, et al. Analysis of application
of potassium permanganate oxidation precipitation in emergency
treatment of water source exceeding manganese standard [ J].
Water & Wastewater Engineering, 2021, 47(S2) ; 43-47.

Xu J X, Jegatheesan V, Raveendran R, et al. Option study to
remove Mn (2+) by KMnO, at a water treatment plant [ ] ].
Process Safety and Environmental Protection, 2021, 152 327-
337. DOI: 10. 1016/j. psep. 2021. 06. 017.

Xie RJ, Suo Z'Y, Guo K H, et al. Promoting multiple reactive
oxygen species generation for deep oxidation of VOCs by UV/
persulfate/permanganate [ J ]. Separation and Purification
Technology, 2023, 325. 124770. DOI. 10. 1016/]. seppur.
2023. 124770.

Shen C Y, Zhang C M, Huang Z G, et al. Ozone pre-oxidation
to accelerate the ripening of manganese oxides filter for efficient
manganese removal from drinking water [ J ]. Separation and
Purification Technology, 2025, 354, 128645. DOI. 10. 1016/].
seppur. 2024. 128645.

KA, XGER, B, & BRI R R A AL E R

— 7 —



XUFE SR 90,
P RAL T P BUAEAL J B2 A0 G AR AL S AL R RO AT 5 30

T

Vol. 45,No. 5,2026

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

BRAR[J]. W MROR22A4l (H Bk B2 ), 2023, 53(4):
1228-1237.

Zhang S J, Liu S B, Yang W, et al. Powdered activated charcoal
enhanced the removal of iron and manganese by ozone oxidation
[J]. Journal of Jilin University (Earth Science Edition) , 2023,
53(4) . 1228-1237.

Jeirani Z, Sadeghi A, Soltan J, et al. Effectiveness of advanced
oxidation processes for the removal of manganese and organic
compounds in membrane concentrate [ J ].
Purification Technology, 2015, 149. 110-115. DOI; 10. 1016/
j. seppur. 2015. 05. 009.

VLS, RN, BEOMR, 4%, NaClO 6] K, FeO, TRSfL3E
PEIREE L BR R M A A MBI [)]. LS IELA ), 2019,
19(4) : 1341-1348.

XuS R, Wu X F, Huang M L, et al. An approach to the

Separation and

manganese and ammonia-nitrogen removal wvia the enhanced
coagulation by NaClO and K,FeO, pre-oxidation[ J]. Journal of
Safety and Environment, 2019, 19(4); 1341-1348.

XU, fRmIET, FREG, 55 S SRR S BRI T 2%
BRI AR [T ], P ES KK, 2021, 37 (21):
19-25.

LiuZ, Xu X Q, Wang S B, et al. Combination of chlorine-
containing pre-oxidants and carbon materials to remove high
drinking  water

China Water &

concentration of manganese from source :

Synergistic effect and mechanism [ J ].
Wastewater, 2021, 37(21); 19-25.

Jiang S, Guo X S, Wang Y R, et al. NaClO-based rapid sand
filter in treating manganese-containing surface water; Fast
ripening and mechanism[ J]. Journal of Environmental Chemical
Engineering, 2023, 11(1): 109082.

B 5o AR R A ALK 4R (D) &Lhg K bl B 5T
[D]. MA/REE: W/REE Tk R4 ,2022.

Qian X C. Efficiency and mechanism of manganese( II)
oxidation in water by UV/chlorine system[ D]. Harbin; Harbin
Institute of Technology, 2022.

XWEEE, IR A A S TR AL 2 R IR Rk R Y
[J]. #37KHEK, 2023, 49(S1): 585-590, 594.

Liu W Q, Yan Y. Removal of iron and manganese from raw water
by chlorine dioxide preoxidation [ J]. Water & Wastewater
Engineering, 2023, 49(S1) . 585-590, 594.

Chen L, Zhang J J, Zheng X L. Coupling technique for deep
removal of manganese and iron from potable water [ J ].
Environmental Engineering Science, 2016, 33(4) . 261-269.
Mo, BRISE, XVIA. PR K b Z Ak S A I 5 451
[J]. BoKEEAR, 2020, 39(4): 156-159.

Yang X G, Chen L Q, Liu J. Application of chlorine dioxide on
manganese removal in drinking water [ J ]. Water Purification

Technology, 2020, 39(4) . 156-159.
Rahman M A, Huang J Y, Iwakami Y, et al. Pursuing the effect

— 8 —

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

of aeration, pH increment, and H,0, coupled with UV
irradiation on the removal efficiency of manganese by microfilter
membrane[ J]. Water Science and Technology, 2000, 41( 10/
11): 25-31. DOI: 10.2166/wst. 2000. 0601.

Chen J, Rao D D, Dong H Y, et al. The role of active
manganese species and free radicals in permanganate/bisulfite
process [ J ]. Journal of Hazardous Materials, 2020, 388
121735. DOI: 10. 1016/j. jhazmat. 2019. 121735.

Wei W R, Guo K H, Kang X W, et al. Complete removal of
organoarsenic by the UV/permanganate process via HO" oxidation
and in situ-formed manganese dioxide adsorption[ J]. ACS ES&T
Engineering, 2021, 1(4): 794-803.

Guo K H, Wei W R, Wu S N, et al. Abatement of structurally
diverse micropollutants by the UV/permanganate process: Roles
of hydroxyl radicals and reactive manganese species[J]. ACS
ES&T Water, 2022, 2(4) : 593-603.

Wang X X, Yan S T, Chen W Q, et al. Electrocatalytic
activation of permanganate as a highly efficient advanced
oxidation strategy for water purification[ J]. Cell Reports Physical
Science, 2024, 5(5) : 101968.

Nguyen T B, Ho T B C, Chen C W, et al. Enhancing the
degradation of microplastics through combined KMnO, oxidation
and UV radiation [ J]. Journal of Environmental Management,
2024, 370. 122942. DOI: 10. 1016/j. jenvman. 2024. 122942.

BURVE, X3F, T, %, UV, 0, BHAE UV/0, BN
H(HCB) WIRIRWIFE [ T]. P SRR R 24 (A AF
20, 2010, 42(5) : 723-728, 756.

Wei DY, LiuF, YuT, et al. Degradation of hexachlorbenzene
by UV, 05 and UV/0;, hybrid processes[ J]. Journal of Xi’an
University of Architecture & Technology ( Natural Science
Edition) , 2010, 42(5) : 723-728, 756.

Bustos-Terrones Y, Rangel-Peraza J G, Sanhouse A, et al.
Degradation of organic matter from wastewater using advanced
primary treatment by O and O;/UV in a pilot plant[ J]. Physics
and Chemistry of the Earth, Parts A/B/C, 2016, 91: 61-67.
DOI: 10. 1016/j. pce. 2015. 12. 006.

Moore N F. Concerning toxic byproducts and UV/chlorine water
treatment[ M]. Toronto; University of Toronto, 2024.

Sun B, Wang Y, Xiang Y Y, et al. Influence of pre-ozonation of
DOM on micropollutant abatement by UV-based advanced
oxidation processes[ J]. Journal of Hazardous Materials, 2020,
391. 122201. DOI. 10. 1016/]. jhazmat. 2020. 122201.

HEE. A IS NP T XK Se(1V) F1 Sh( )
HIEASRESHLRIBTAE[ D). FIT: ) PHRIERE, 2024,

Lii ] R. Transformation efficiency and mechanism of Se( IV ) and
Sh( Il ) in water by chemical oxidation and ultraviolet advanced
Nanning :

oxidation processes [ D ]. Guangxi University for

Nationalities, 2024.

(T#% 16 )



ERMET OB, Ik,

N TR AR5 K A BRI A £ AL AR 5 1z FH 32

Vol. 45,No. 5,2026

[39]

[40]

[41]

[42]

[43]

[44]

2022. 112150.

Mishra A, Alnahit A, Campbell B. Impact of land uses,
drought, flood, wildfire, and cascading events on water quality
and microbial communities: A review and analysis[ J]. Journal of
Hydrology, 2021, 596: 125707. DOI. 10. 1016/j. jhydrol.
2020. 125707.

Woolway R I, Sharma S, Smol J P. Lakes in hot water; The
impacts of a changing climate on aquatic ecosystems [ J ].
BioScience, 2022, 72(11) . 1050-1061.

Zhang S N, Li S T, Zhang M M, et al. Mechanism of nitrous
oxide emission reduction in constructed wetlands based on plant
harvesting management [ J ].
421 132128. DOI: 10. 1016/j. biortech. 2025. 132128.
Hu S L, Feng W D, Shen Y T, et al.

Bioresource Technology, 2025,

Greenhouse gases
emissions and carbon budget estimation in horizontal subsurface
flow constructed wetlands with different plant species [ J ].
Science of the Total Environment, 2024, 927. 172296. DOI.
10. 1016/]. scitotenv. 2024. 172296.

Huang Y, Zheng X Y, Zhao Z L., et al. Integration of manganese
ores with activated carbon into constructed wetland for greenhouse
gas emissions reduction [ J ]. Journal of Environmental
Management, 2025, 375: 124205. DOI: 10. 1016/j. jenvman.
2025. 124205.

Zhang L. M, Liu R, Luo X Q, et al. Optimized ammonium-

[47]

[48]

nitrate ratios in constructed wetlands for simultaneously efficient
nitrogen removal and greenhouse gas reduction[ J]. Journal of
Water Process Engineering, 2024, 67. 106223. DOI. 10. 1016/
j- jwpe. 2024. 106223.

Chinta S, Gao X, Zhu Q. Machine learning driven sensitivity
analysis of E3SM land model parameters for wetland methane
emissions[ J]. Journal of Advances in Modeling Earth Systems,
2024, 16(7) : €2023MS004115.

Jiang B N, Zhang Y Y, Zhang Z Y, et al. Tree-structured parzen
estimator optimized-automated machine learning assisted by meta-
analysis for predicting biochar-driven N,O mitigation effect in
constructed wetlands[ J]. Journal of Environmental Management,
2024, 354. 120335. DOI: 10. 1016/j. jenvman. 2024. 120335.

Yang B W, Wang X Y, Feng X C, et al. Assessing carbon
neutrality potential of constructed wetlands; An improved neural
network-based strategy for environmental impact analysis and
control[ J]. Journal of Cleaner Production, 2025, 525 146606.

DOI: 10. 1016/]. jelepro. 2025. 146606.

Hu X J, Huo J Y, Yue J Y, et al. Substrate-mediated trade-offs
between pollutant removal efficiency and ecological risks in
constructed wetlands treating multi-antibiotic wastewater. [ J ]
Water Research, 2026, 293; 125414. DOI:10. 1016/]j. watres.

2026. 125414.

(E#% 8 W)

[32]

[33]

[34]

[35]

Zhang Y L, Wang W L, Lee M Y, et al. Promotive effects of
vacuum-UV/UV  ( 185/254 nm ) light on elimination of
recalcitrant trace organic contaminants by UV-AOPs during
wastewater treatment and reclamation: A review[ J]. Science of
the Total Environment, 2022, 818 151776. DOI; 10. 1016/]j.
scitotenv. 2021. 151776.

Wang Y H, Liu Y X, Wu B, et al. Comparison of toxicity
induced by EDTA-Cu after UV/H,0, and UV/persulfate
treatment: Species-specific and technology-dependent toxicity
[J]. Chemosphere, 2020, 240. 124942. DOI. 10. 1016/j.
chemosphere. 2019. 124942.

Cai A H, Ling X, Wang L, et al. Insight into UV-LED/PS/Fe
(') and UV-LED/PMS/Fe ( I )
degradation and simultaneous arsenate immobilization[ J]. Water
Research, 2022, 223 118989. DOI: 10. 1016/]. watres. 2022.
118989.

LiKK, Li HS, Xiao T F, et al. Removal of thallium from

for p-arsanilic acid

[36]

[37]

[38]

wastewater by a combination of persulfate oxidation and iron
coagulation[ J]. Process Safety and Environmental Protection,
2018, 119: 340-349. DOI. 10. 1016/]. psep. 2018. 08. 018.
Lin C C, Wang Y C, Wu M S. Effectiveness of a 3-liter reactor
with UV and persulfate in degrading chloramphenicol in water
[J]. Journal of the Taiwan Institute of Chemical Engineers,
2020, 111: 155-161. DOI: 10. 1016/]. jtice. 2020. 04. 010.
Skodi¢ L, Vajnhandl S, Volmajer Valh J, et al. Comparative
study of reactive dyes oxidation by H,0,/UV, H,0,/UV/Fe**
and H,0,/UV/Fe
Engineering, 2017, 39(1) . 14-23.

Chen S N, Zhao Z W, Li L, et al. Comparison of UV/PS and
VUV/PS  as

processes | J ]. Ozone; Science &

ultrafiltration  pretreatment;  Performance,
mechanisms, DBPs formation and toxicity assessment [ J ].
Science of the Total Environment, 2024, 946. 174457. DOI;

10. 1016/ scitotenv. 2024. 174457.



