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Abstract [ Objective] Advanced oxidation process (AOP) based on ultraviolet (UV) radiation has been widely applied for the
treatment of organic micro-polluted water. However, toxic by-product may be generated during the advanced oxidation water treatment
process, posing potential threats to human health and natural environment. [ Methods ] This paper aims to explore the types and
hazards of the by-product generated during different UV-based advanced oxidation water treatment processes. We analyze the impact of
environmental factors ( water quality components, treatment processes, and operational parameters) on the generation and toxicity
changes of by-product and summarize control strategies that can effectively control the generation of UV-based AOP by-product and
disinfection by-products ( DBPs). [ Results]  The chlorine/nitrogen/bromine DBPs ( Cl-DBPs/N-DBPs/Br-DBPs ), low molecular
organic by-product, nitrites, and bromates are the key by-product. Key water quality parameters | dissolved organic matter( DOM) ,
inorganics, pH, etc. ], types of UV source and oxidants, and operational conditions all affect the generation and toxicity of by-

product. Further research on by-product control shows that pretreatment methods such as filtration, coagulation, and electrodialysis, as
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well as post-treatment methods such as activated carbon, resin, and reverse osmosis, are effective in controlling by-product during UV-

based AOP treatment. Additionally, optimizing the type of oxidant based on water source quality, improving process parameters, and

selecting new types of environmentally friendly UV sources can also help reduce or treat the generated by-product. [ Conclusion] In

future, researches should focus on the research and development of new environmentally friendly green oxidants that produce no or fewer

by-product, constructing combined treatment processes with effective by-product control and deep purification capabilities, and

optimizing the operational processes in conjunction with practical engineering applications. This paper has theoretical guiding

significance and application value for promoting the diversified applications and development of UV-based AOP.

Keywords advanced oxidation process ( AOP)
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Tab. 1 Pollutants Removal and By-Product Formation of Common UV/AOPs
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S, Rz AR R A CL- 1 ST RRE AT 208 A
SRIM , 20K R h e A7 78 ol o Hofs 2R i E
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RS RERIE ™ . UV/AOP XF DBPs A& B0 &L
sz, B F NOM 1 J 4f Ak 2 % 3 LA B2 B P 5
Rk S RER, Bzt #0124 UV/AOP Hilkh
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KA TR S (AN R L/ W AN R R B AR
b BRERER/ARIR A SR L A AL Ak ) nT
2 Fh BRI UV/AOP 3 2. — 2 AE N H i 3t
HERA, 5 BRI Y s g A i3 AR e RS
(R 1A P 3, DT 1] 35 % 0 o A 280 3 0 el A G
SRR IR I TR Y, S SR
YA S, NH,Cl %Ak Bro £ Ak i i v G2 0z
BE—4 54 ML) OV AE B Br-DBPs' ™ | R R 15
fil = A S P R A (Un AR B g A
SFRAR A A B2 AR ) 7T 5 NOM 2 i A= Ji N-DBPs,
HFR A NO; 7efa 28 tb/ St mT seF% 1k A g1k
AR AR AT A A 35 T B Rl (G R R, |
LA R — AL B 25 ) 5 NOM S )i 2 A% 1-DBPs,
FCANSCELA T 5 %) 240 L 3 M R st A% 1k, 18 45 3 3
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TR EAL ™ BeAh, THL K R 5 8Eh 1)
A7 AT g 3 e ] B AR T — 2B R WA A LTS YL )
4 AL S A 27 B B PR AE
2.3 UV Bst

DBPs (14 4352 3] UV 68 KoK dhis 4Lt
fE2EME A I, TR RSN (MPUV ) IHE S
SIS RR R i 5 S, B 24 (LPUY )
S B N-DBPs f2E 18, Guo % & B, MPUV/CI
T2 N-DBPs A= il i i 3 T LPUV (A & ; MPUV
T RT3 e A A 3 F ot 7 I e A A e et AR o
FTE B Lyon 257 SIESE MPUV 58 54 (40 ~ 186
mJ/em® ) X S A 5 2 K A0 S R 25 NOM. 1) el A
BN, 2 NOM 5 UV 5% DBPs WIE % 1)
A, TR LFFE LT E 1000 m)/em® B, A%
N-DBPs S RAL = i B Bt ( Br-THMs ) (1945 B A=
FAH . EAS AN (VUV) i T LAZEAS TN Atk
FIHGE LT K F = - OH il T /K 2 B i)
ZaS AR B - O 38 K 5 175 ZEAMm & Ak 390 1) 1%
4 UV/AOP JR4 VUV BB B A AT AILIE0TS G2 Al 43
fie NOM , {HAAAE 25 B R B A i BR il #% Vuv 5
Cl AR RBL G4 Uv/Cl T A HfE,
ARG IR I 7 K L A 0 BB AL ] DBPs
A A 7 UV OGA#FL UV/AOP K T 240
B — A7 W AL AR £ H R
b UASRRER SRS ERER ) vT LIVE AR R = A
2.4 pH

T UV EHEGM, UV/AOP XA HLTS Y
F14) ok it S ) 7 40 A ol R T A A ) pHL AR M
W5zt W, DOM Hi (¥ B9 5 b il T H 5 &
A3 Y S 35 1, 530 DBPs A= il [ A%, {2 Carra
IR R B, UV - & — A% (LED) /Cl Ab Ak
25N R IEFF 55 B T 8 THMs F1 HAAs 2F B0 g4
T+ 30% ., pH i ARG 2EAT & [ H 3k
A BBl 72 R i Js o AR A9 T S R AR R 1 JEE
IRWIBCREAEAS R A T O AR HOR B % pH
B T v TG O, B UV/CL 7E R P S5 1F R XK
DOM 3t 5 = (9 LB S5 0 AL, DT I 2508/
DBPs Rif&#), pH 8227 DOM 1Y & FILRE %
M H 5 S AR M IR AR B
3 BRI R B

YT DBPs N HARAL P E/AXT UV/AOP A FRAL

85 K 2 PR e R2 ) B R 7E T AL N H
HRAP T I A 2 Bk . R I i R R I PR 5 |
FR XU | P e s AL AL B AL T 528 e
INEEEGERCHY UV/AOP AR DL & AOP 3435 5 Ak 2
HICAF IR R fR U, X SRS K B[R] 2 &5 UV/AOP
TEMRARECE Bt SRR et Egh i
FE 7K A BRI T 5E R
3.1 FIREIE

FETH BE AR AL TR 1) 25 B 245 ) DBPs AR K
A SORME (£ 2), YEA ML DBPs 1Y FZEFTA,
NOM ()52 7 4 i % S 35 R o 25 728 S e, G L Akt
PRI R IR L T Rk . TREEVE N H RLK AL
T2, AT 8 2 BR R 4 7 B S g NOM 4]
G300 KL UV/AOP BEFH, ANAURE TR E b ik
B4 NOM , if il by [ B A bR s Ts de ™ . 7 UV/
AOP Fii % i3 & T 254 Bh T #0843 4> DBPs Rij {4
Y) ™) Dong 7 [ RF ST HE— 2 B #E UV/H,0,
HIG 1A SE % AT K BT PR ) 5 [ KA S A
MECHEAF K, FB T BB S o B
HARHTE 44 ) . KK B F1 NOM, DA 76 1 I 1)
UV/AOP T2l 7 8075 Y ¥ Je oG Ak 7= 11
R gtk R [ R AR T R SR AR REAE” . Zhong
2585 3 X O,/ 4 W3 P % (BAC) -UV/NH,Cl T
2K W PEAE & B, 0,/BAC BT AT A R R AR
DBPs JE AL 7, fifi DBPs A A 7 AE A% 58. 2% Jf:
RIFK IR E,
3.2 FRETZ

SR UV/AOP T4 CL 0 ) 12 UE 52 Al i R4 1% fi
KA LS e AB AT IR A 58 4 R
SR AT B B A5 OGRS NG ik e Bk R
# H UV/AOP FliGHER (AC) fU4E BAC sl ks s
B (GAC) BRGE S UV/AOP AT # 50% L |
KorF NOM bR /N F AN X —id
FEALF#AR DBPs FIAY) BT, B4 BAC HIAEY)
RO A RIS (N FA LY R BRE>T70%)
TEAAL T 2R 8% BAC BT, 36 n] LS B0 %
Ha A AL R ER A H,0,(IMBFS95%) JIHIH
H,0, 7H#Er=A 0 0, iR E YT PESE . Yin 551
AT i —AIESE , UV/H, 0,-BAC X IR 5 K
DBPs Fi{&Y 280 H B W E L BRECE , ™ 8 T %
B R ARAE R B AL B ) 52 PR T AR,
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*®2 TEHALERE UV/AOPs TE MR DBPs Bl A%
Tab.2 Different Pretreatment Processes Coupling with UV/AOPs for Enhanced Removal of DBPs Precursors

) _ ) HiAL# R N

KR ke "’”IL; UV/AOP HIA IR 2% e BB ik
Mok AECE DR RS UV/H,0, 2000 m)/em® & & UV & AT RAEA PLER B A 14% ~  [74]
BA B (TOC) :4. 81 mg/L ST, 10 mg/L H,0,. 5 ~ 40%,FEA%T LW vkt
UV, :0. 183 cm™ 15 mg/L HIRL AL AT TE XU
pH fi.6.7
JEAK (G oK) DBPs Hiif&4 itk VUV/AOP 254 nm #1185 nm VUV J¢ 78 VUV f&4F Z it frad g [75]
TOC:11.7 mg/L VMR 30 mW/em?. JAREBREES DBPs i {A
pH{H.7.6 0. 45 wm fie g kb 7R Y, MR T VUV/AOP H
JEK KB g#E  UV/H,0, K RB#E UV/H,0, 3br BEBEART UV/H,0, K [76]
TOC:14. 4 mg/L. Tk BTk R S A K Rk
HhF K DBPs BB VUV/ Hy0, 254 nm Fl 185 nm VUV J¢ HBHHAIAMEEEE [77)
TOC:2. 5 mg/LL PR BH BTN 0.5 A, BETH NOM [k
UV,s,:0. 183 cm™ HEN 15V
pH{A: 6.7
AR (i k) DBPs 0,;-BAC  UV/NH,Cl BAC RZFFH AC HELhiE 0,-BAC B F MM T UV/ [78]

TOC:12.99 mg/L.
pH 7. 03

7 0. 86~ 1.00 mm. 25 K
fi bt (5] 24 30 min

NH, Cl i DBPs 4= 5 7% 11
(AR 58.2% )

UEAh, TR R R W], 4 H,0, BRI
NOM 13 2 ML /K Ak 76 I 22 Ak S B 2 i o
DBPs A B & 300, JUHORAE S B 5 F T, A Ak
Je W B HILJSR 28 B0 H  vm A TR AR 2 T A VR
(BCIFKEE N 2.1 £% ~3.5 %) , 8 DBPs B PET,
5 95. 5% ~ 117. 5% ; Al A MIEX® i b B nT A5 5%
il DBPs MY B AR, Chen %% 5 Dong %™

(I BIEFE I i — 2D AIE S R UE  ANIE 5 S22 B4 AT
FIRACHK DBPs AR BB RE S A dEdE, Hi &
BB R R AL T R BER R UV/H,0,
TG oK 98% LA I A MLAL 43, fifi K 28 UV/
H,0,- BB G 2 oK FEvE e b s 2 5L 240
TR R, XERFFEEE ™ . TR A B T 25k
FEXT UV/AOP HK e R CEEER (2 3)

®3 ARBLEIZHEEMEEFMMERERESR

Tab.3 Synergetic Removal of Pollutants and By-Product by Different Post-Treatment Processes

HETZ TS Rl F=Fh Rl =4 R ik
UV/H,0,-BAC AbFRIK 5 980~ 1 200 m*/h; H,0, $&  DBPs HI{AY) BRAREEREAR T TOC F1 DBPs Az il [79]
PN B RS B N 7 mg/L; AC ik 8x
30 H ;25 REEMMETRIZ) N 13 min
UV/H,0,-GAC Hl 800 mJ/em? 254 nm &K UV G FIAHAR 58 H,0, 4 GAC #E— AT  [80]
UV/H,0,-BAC 5 mg/L H,0, 74 UV/H,0, K™ ¥ (8 771 1~—8 876 1) ;
BAC W% B 01 B8 A= 90 I il A1 2 B AIR T UV/
H, 0, %ALREI=4 (6 561 1~—2 905 4>)
UV/CI-AC/ 5 AEEK 1,19 mW/em? 254 nm fIE/E UV J¢i%;100 DBPs AR T K DBPs %1 [81]
(Ti0,) wmol/L Cl
UV/H,0,-MIEX® 750 mJ/em® 254 nm fi{JE UV & 3%;0.3 THMs KIE AR AL T 2 1 R DBPs i [82]
i mmol/L H,0,;3 mL/L iy MIEX® poc HAAs
N-DBPs

i hi
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(8:3R3)
HWETYL TR S5 Rl = Bl = s i 5 SR SCik
VUV/H,0,-#i%E 1. 65 mW/cm? 254 nm #1185 nm VUV 3% DBPs AR T IS DBPs B9 [83]

5,0. 08.0. 15.0. 30 mmol/L H,0, .} &
Sy TR Tk AR 10 8 3

UV/H,0,- &% KT UV/H,0, LB BETR T A K

KRR

KL UV/AOP FI B35 M BT A [76]
BOK B PERRAREN 5 1 S ARE S AR 24 B AR Y
KF

3.3 BITIZMK

B XA R B AR 10 e ) KoK B R AE 38 2 p e
T L S N 5 F B R AN TR L B, 1T 2 BRI
UV/AOP &l 7=4 i) A= XU . Xue %51 SR Wi
MIESE, 76 UV/SPC T 20w i i 4% SPC #hn
(40 pumol/L) , UV F| & (4L R 2. 12
mW/cm” RG-S4 20 min) K pH {EM 7. 60 A] 5L
PG R LR RN 97. 3% H 2 MEREERRAR 11. 0%,
XFF UV/CL T2 2R AR B Sl IR 3 4 /4 S
B[] o] S B R K A s ™ L R AL
BT T HE o e Bk T I Uv/Cl i R
90% LA I BFSE B FE R P4, AR EE P Y E ) T
VRIS TE L Guo B L X 11T
KT IKEEFEAN TR UV G TR R b 47 & fl b B 25
FW . MPUV [H ) %R M4 LPUV W 5 A il £
DBPs, . H J& N-DBPs, Sun %™ T H T A
[f] UV/AOP By« S8 Ak 7 i — 2 Mk il 7 3 28 I 5 &
ge, n] A T T B AUR 5 DBPs 1 AR 8
Zhang %' 3F UV/H,0, .UV/CL UV/PMS F1 UV/
TiO, FZFh UV/AOP T 200 A4 205 e W i £ Bk
DL BRI = A AR PR o 45 R R Bl R R 4R Ak
FIZEA P TZ2SHGER UV G, o] 8 ik
UV/AOP R RMERE, X SEmfF o8 3L W] R B, 6 F K
FREIE 9 RE T 2 BEAS U R ST YL P 1)
Bff5 oK e e RO OWUEE H bk, e oe >0 &
1, UV/AOP FE G5 Y b 1 b e B 28 10 7 4
Pt RES1 , 9140 UV/SPC H Ak H3 ] 437 4 R0 A3 % 25
J AT BRI 7K SRR s UV/PAA X3 A 9% JF
JR K B AL AL AR T vE B, HLARAG H B A8
PET, UV/PMS FEALFRERPS 70 B /K 8 A% 75 1k
FRRARY e R A R R R R A R T
I-THMs F5 DBPs fy#E1E 7 ) X s gs | — 5
a5 FE R LRI T 22288, AT AR AL

F2 575 R 1 [ ol A 008 o B 1 RURRS , hy 7K A B T
RS HE AL SR O T B AR
4 ZHiLERZE

A 7K 5 7K TR A R ) L R, UV/AOP
FE B80S Y 0 8 i R D A 4 O T S A S
P AR R g FH 2k A v A7) T I 17 0 2 s R i
UG PER . i UV/AOP T.25 S5ihb B/ 5 kb BE T
B E Kz AT T2 M ] B 5t T 28
SR, ARSCXIET UV/AOP /K 4k &l
YIRS T ds il R AT 7 g o TR R AR T
PG SHE, N TSI UV/AOP HIBRAEAL B 5 KU
Pl SRR I I E S S8 LA T 7 ),

(1) EENT I 55 75 Je W 25 B LRI ™ 0 A i S B 1
BAONE 11 22 Ak BEVTAG AR R i i e A R %8
BEFR bR B RIE T, SEIAN ] UV/AOP T2/t
PEVEAT ; 7] 75 TR A AT 3 78 5005 e g 1% ek ik 1) )
2 SRR IR ALE], AR T2 & i 4 3 i
WdE

(2) FF AR 7K 53 S vk 10 T2 A4k, R St
5 NOM 2 A%, AL 7 S pH 45 S f /K 5t 2 800t
UV/AOP 75 4Ly L BRA 5 R4 A i Be i
SR R S5 TR BURFIE I T AR AL R 4

) FFERETATHERIHEE T LR,
WL UV/AOP T2 SatAb B/ J5 Ab B T2 2 18] i 1
[FIHEAL , 3 75 e 3 R A BRASR 11 [R) s S B A T
REFEMIREAR,

(4) 8K A A RE IR B P [R) A8 Ak, 35 05 38 2 AT
PR 2T & RSB UV H R FF & 4k 6 5
SCEAH, I i PR UE A sl T AR, X e
L) UV/AOP [mibRifEfk R Ak mT R4
v aEy-3/ 8
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