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Abstract: At present, a large number of water resources in China have been polluted to varying
degrees. The potential threat of organic pollutants that are difficult to remove through conventional water
treatment processes ( e.g., antibiotics, endocrine disruptors, and pesticides) to human health is becoming
increasingly prominent. Many studies have demonstrated that advanced oxidation processes ( AOPs) can
generate highly oxidative radicals to effectively remove most of refractory organic pollutants in water.
Ultraviolet/ozone (UV/0,) process, as a new and green AOP, has recently become a research hotspot in
the field of water treatment because of its advantages of mild reaction conditions, adjustable oxidation
selectivity, fast reaction rate, easy operation, and wide application range. This paper introduces the main
reaction mechanism, kinetics and typical reactors of this process, summarizes its research progress in
drinking water treatment ( including micro-pollutants and natural organic matter removal, and disinfection
by-products control ) and industrial wastewater treatment, discusses its economic feasibility, and

prospects its future application in water treatment.

ELUE: BXRELSMAITREBDTE (2016 YFC0400802 )
BIEEE: =8 E — mail : mkli@ rcees. ac. cn

.16 -



www. cnww1985. com AR EHVF LRI BRI A KA P eI KR B AR R %354 #1448
Key words: advanced oxidation processes ( AOPs); ultraviolet/ozone; hydroxyl radical;

organic pollutants; water treatment

AL T2 (AOPs) IR i &0 A4 . — s e
MR S K A B 2 B iz e R
SN BA(UV/0,) TF, a5 G T WA TZ
(UV H1 Oy) , 35 4F 5 T Ak 7K A 3450358 1) 0F 2 44
R UV/0, T2 KR A e A R [ ph 3t
(= OH) , AT LA R 7K v K 22 B30k 1% A 1 A LT %
Yo B FRTRR AL HRVER 5 R AL RE T8
T 7 TR PR KR Ml K 56 b 3 o A
IV LR I 5
1 UV/0, T Z 69 R B HLFL

UV/0, T2 i A AL 75 Y i S o LB 3 3
f4% UV HESCREME O, 7072 b M A UV/0, 1T
A B H A (R A A R AR, Forh O, S T EE
UV f5 B8R A il i i+ OH %95 ey 4 ] 42 4R Ak
REff b = AR, UV/0, T2 A i SE i AR i &
T RV B R A F

@© KHFEMR O, 43 FAE UV fRHE (A =254
nm) [ &5 SE G EE A B (07),07 5 H,0
KA H,0,

0; +hv —0, +0° (1)
0" +H,0 —H,0,
E=1.8%x10" L/(mol - s) (2)

@ H,0, °] HHEOCMEAE L - OH 83 fif 25 1L
A E 5 (HO, ) FTH ™
H,0, + hv —2 - OH (3)
H,0, «——HO, +H" pK,6=11.8 (4)
@ MR HO, 5 05 WA MR A& 1 H
HEE(0y 7)) S A A A ik (HO, ) -
HO, +0, —0; " +HO,
k=2.8x10°L/(mol - s) (5)
@ HO, SGffe A A (o, 7)) REH
i}:& - OH:
HO, «——H" +0, - pK,6=4.8 (6)
0, +0,—0; " +0,

k=1.6x10" L/(mol - s) (7)
0, +H'"— - OH +0,
k=5.2%10" L/(mol - s) (8)

@ Hzoz \HOQ_ & 03 /ﬁ‘\ﬂ%%‘é ° OH

- OH +H,0, —HO, +H,0

k=2.7%x10" L/(mol - s) (9)
+ OH + HO, —HO, +OH"

k=7.5%10° L/(mol - s) (10)
- OH + 0, —HO, +0,

k=3 %10’ L/(mol - s) (11)

© B E A LIS B (R) Mk #E T &
VR
R+hy— R (12)
R+0,—R" +0, = +products (13)
R+ + OH——R" +H,0 ——products (14)
2 UV/0, ZEHR B 5
HE UV/0, Bl H bR {5 3919 50 8l ) 27 A
TR YRy UV OGRERR 05 7> 5% LM - OH [H]
AR
2.1 UV MBS REMNR NI NEFE
AR 17 2808 SCRIBAAE LR e 15 Y
50 (254 nm) JERESRE AR (d[ C]/de) Al AR IR
A
d[C] _ @254(]0(1 — 10 oslll )

T v (15)
:—thj @254—?’3‘%}%%@ UV()\ =254 nm)%ﬁ%ﬁ@
Tl T

¢—— AHEF R, mW 5 einstein/s
Erss—15 YL YITE 254 nm [ EE IR KO RAL,
L/(mol + cm)
[C]—T5 3Ry , mol/ T,
I —— N 2 A RO, em
V—U R AR, L
TR e e BE A1, 5 B0A OB B R AR
(<0.02) ,38(15) M BRI RIGT AL ATTE
d[ C] _ h110‘15254903254 [clr
dt 14
KL, UV B2 50 B i 15 G ) 308 O — 2 b
L
d[ €] 0,5 e, [ CI1
Aol : “k,[€] (17)
A k1534 UV (A =254 nm) 5@ IR Ry
HRO G R AL, s

(16)




#3545 H14H

T OE % K H K

www. cnww1985. com

2.2 BEME0, X - OH HIREFHNF
O, XAHLTS G Wy 1) o Al 380 500 A 5 — R
VAP
ey, crorer (18)
KA ko, c——T90W1T O 19 "G H R H AL,
L/(mol - s)
[0,]—0, ¥ EF,mol/L
[FIHE, - OH 575 4L Wiy SO A 0] KRN -
_d[C]
de
HE,L/ (mol - s)
[ - OH]— + OH ¥ /&, mol/L
PR A HER (pCBA) 15 05 HY S B a8 55
18 [ ko, yona =0.15 L/ (mol « s) ], 15 - OH {5
ﬁ%ﬁ&'m“ﬁ.oﬂpcm =4.4 x10° L/(mol - s) ], HI
v SRR €0 T 2 A U A O T A, P DA S 3 v
pCBA VENZZALG Y , i i 58 40 3y J) 2 07 6 I
SIS - OH Y 0 o R 4
[C], k. onc ] [pCBA ],
" [C}o :k-OH,pcBAm [pCBAJo
k~0H,pCBA—pCBA 5 -0H E"J:éﬁ}i@1§_$
HHC,L/ (mol - s)
2.3 UV/0, R Bh 1R
MG LA B8, UV/0, AAL R TS AW 0 B %
0 8l g 2 AR AR =R
_dic]
d

:k.OH,CI: 'OH][C} (19)

A

1 (20)

A

=ko3,c[03} [C] +k.oucl - OH]

[C] +k,[C] :k03,c[03][c:| +
k-OH,C[ -OH][C] +
l1‘110(1525490‘9254 [C]D
V
£ UV/0; EAbd #Erh, alks O, 7 TR S
- OHJAHE AL E AHSE, T3 (21) A4

(21)

- % = (k03,c + Rctk~0H,C) [(C][0,] +
ln10®254q03254[C]l’

v (22)

R, = f[ -OH]dt/J[Osz (23)

E'HQH_I—?‘%/:‘E'HQH

A R,— - OH RiEw 5 R A A= HE
SFE2E (NB) XELA®E O, A fb & UV H L7,

U255 - OH LR, Rt AE h — PR EHE 44
255 O W I TINE R,

NB :k-OH,NBfl: - OH ] dt

~In B,

=k. OH,NBRctf [03 ] de
k.on,NB—NB 5 - OH %:ﬁﬁ@i%%ﬁ
¥ ,L/(mol + s)
3 UV/0, 8 R F 354 H
TEH TR BEgE & UL UV F O, I T Z2H A
A= g S AU Oy A AL UV 46 B &
UV/0, [m]if i B LA K UV/ 1 O3 RN 3
3.1 AmHRXEO, EHFUV EEREE
6 0, AALIE UV SRR B anEl 1 R

5

= /e ok
B RBANERE

| EK UV 4T

(24)
A

e

v
|
T
L
il
€00

o > st
Q@ ok | UV RN

& 1

Fig. 1

0, i1 Oy KSR A, 8 il 8 s S i a5 E A
15 B K VS W AR A R i TS e W), B TS VR
UV ez UV 5E IR, UV RN #5385 B iR 3l
T2 RO R R A T IR A T T, (45
TSR O, FEZ BN UV SR 7, k5o
MEUL FEUC R TR, WERERAERA UV
RN e Z 11 Oy REETHAETE 4, FlAR 0, 76 UV 4 fid
A A B A, TS e T AR B AR D &
WAL, AR BRI Oy A5 R A (1035 Y0 B e fie
b AR A B R R SR e R BRACR
3.2 UV/0, AIFMfRMEE

UV/0; [l f2 728 0 n 18] 2 fir s o 2 B 2
HWE BT AR T E A REE NI T E
TRy, A & K R 254 nm |1 UV SR,
O, A=A Oy, 38 328 BNV i IS 08 1 B A0

w5 0, |UE UV EERKE

Fluidic Oy — UV irradiation reaction system

.18 -



www. cnwwl985. com AR

FLF RN R AT KT AR R IR AR

#3545 H14H

Oy BIAFEEBATK R o FEA[R] B I 1] ]
B R T T WD R BRACR o R B AV
%, 1 ELRERS [F] I S A = RO (UV B HOLRE 05
Oy ALK - OH [ AL 15 4y ) , 4 S B H A
7R BRI N, R O B, AR AT AN R Z AL, BV Oy
AREBUCHEFENE A TS Y1, BT LR T % B 2
it 275 JE R AL BOK (A ) HAAOR BARRAE . SRk pA e
EEEA O XELVE AR 19T Gy sl B O,
o TR R R E ) (TR IR L Pl X
HH,

- < - - -9
AN
- o RBARIERE
L UV AT
| — K
|
v HIEEY
| ~
gl JESE
=
p~ %4 ok
@® 1
a5 o ks VYuy ms
L _-_-%>

2 UV/0, R R3S

Fig.2  Simultaneous UV/0, reaction system
3.3 UV/{#0, RMEE
UV/ B O SR AN 3 s~

.

ab =
X e sxen |
v'/ W
L 1 ! 5&7J(
’ ! M@
L |

A AR UY

3 UVW/#0, RN%EE
Fig.3  UV/micro-0; reaction system
AR AT ) [F] I 2t 25 UV (VUV, 185 nm)
I UV (254 nm) WU AR5, e 185 nm 551 ]
fifp s P O, PR AR 050 BRI, 76 UV ST/ 1
JERE A BOFER L S R G, (A TR

LR S SR A A B AT A A A 4 B, 22 185
nm VUV $% 7= 05 i ad B B 5K 4k 5
RAY A5 254 nm UV et A A HLIS 44
LIRS T B, ARG, RN 2L O, A4, AU A
RITME R SE R, UV/0, T2, HEt ST 0, it
1K, 8% 22 35 e b R 5 BRBE S A BR
4 UV/0, RIS RS B
4.1 UV/0, X275 £ 0 PERF

R, ZETTBOT5 KRR 7k 2K Rk K
BT B R RIS e O A SE TS
IKAVR 7K AR BE T 254 30 B, SBR[ K A
FREEATAE T BT K AR 25 22 s AR RE . LA
- OH Ny B A AL VE L F ) AOPs A b v] A5 R 45
il K A B i TS e

VB —FPgLRI ) AOP, UV/0, T. 2% 22}
HA B EBRACE . Rao 1 £ 5T UV/0,,
UV 0, = T 200 B IR 28 A 24 1) 43 1 11 6 i s
B, LI UV/0, REME = sk B A AR 2 B, B A
AP HE UV HL O 19 3.5 {5 A12.5 £%; UV .0, Fl
UV/0, X BA LK (TOC) [ B34 0.15% |
80% . O, 7E 254 nm [ K T EE/RIOE R ECH3 600
L/ (mol « em) DA S i 77 %4 0. 48, A HAE UV 45
BT O, AP e = A Atk A 3t [ (1) ~
(11) ], A% F UV #1 0, ,UV/0, n]gkgi4a b al
Wy B AR . Sojic 251 0 HLBFSE T UV, 0,
FUV/O, = 12500 40 08 28 A 24 Wt W2 14 [ figk 1
WALRE ST, KB 2 min J5,UV .0, Fl UV/0; Xf
g I 11 2 AR A M 99% 3. 5% 98% ;5 J i 240
min J5, X TOC 19 25K 451K 15% 45% 60% ,
HH AT UV 0, X B ) B A 2 TOC 1) 25

BEA , BAWFFART T UV/ 05 200 Hopth o
AP YR £, Liu 2R A UV/0, TE#%
FfBT A ZR R F O | 25 5T AN [R) 9SG vk B 1 5
e M fie FHO s o B2 43 531 o 0.5.1.0 4. 5 mg/LL
B, Dh— 2% S 3 R T 3.8 x 1070 2.9 x
1070 1.9 x 10 7% s ™" ZE W75 ey 14 e i ok o4 it 25 L
Wb HE I T M AR o X2 R V5 Y R AR
S PEOFAANE B 5E S, DT {6 R A k%
F%{Ei““ o gojic %(sq KIS 10 min J5,UV .0, F1
UV/0; X 259 S 4TI8 IR KBRFR I 5IR 1% 27% |



#3545 H14H

T OE % K H K

www. cnww1985. com

84% ; JZ I 240 min J5H LR 0 .25% 85%
8] UV/0, 1] B g B i A1 1k 3 $67% /K. Chen
SR UV B R 2R UURE BDUE Ja B KRR o
(1) N — RS SEEME% B (NPYR) |, & BV 5 min A [
fift 2 60% (1) NPYR ; 242k ] O, I H A543 51 °40. 3
0.5 M1 1.0 mg/L B}, % 5 min J§ NPYR {2z %
39K 15% 30% F1 60% ; R (Y O4 74, UV/
0, T 2L M 1 min %} NPYR i 2 [ 3 0] 43 51l 3k
21.3% 35.3% Fil1 41. 4% , O, F| B hnssiL T O,
Je - OH %4k NPYR (2508, Pk i 342 % 1 UV/
0, T MR, B3 7 UV/# 0, T2
o, AR R AT Ha S 19 185 nm P KL = S AR
SRR Oy, S8 T UV/0, MBS T4, 4
TR, IE 200 A e R I L UT SRk 1 22 B
BRI T UV L, M9 1T, AR ER
TR B . Xu 21 R UV/0, T 26 btk
=GRS, 2B pH Sy PRI AR BE 120 min J5 =4
FEME T IL 2R AT K 90% ; [R]A & BE 1 mmol/L {1 C1°
SHRA LA H CL YRR T 10 mmol/L B 25 i
FMHENTIROR . X F B ORI EE R CL fE
5 < OH Jhp =4 C17 (EALIR SRR Ry 2.4 V) i
A C1T STE R ClL, - (CAfbic A 2.1 V),
AR
4.2 UV/0, 3T KRB HLYI (NOM) B P& R 5 H 20T

KARA LY (NOM ) 252 Ml K FH /K 9 B34, A<k
N BOH BE R 09 A2 B, PR AR T K AL B =
BHIRZ —, SR, KoF NOM 7E UV/0, A fbit
TR B AR /N ALY, TRES R BUS 2
SN BRI R 0 M v A R (A0 = B b
MR RO ) MR, FRF, 0, T2 A B4
S R IR R A BRI OCTE . B, R K
AEFR A T 2% NOM [ 52 M 35 P4

Ratpukdi 257 #ff 58 T VUV/UV/0, (fi &%
VUV/0,) VUV .0, .UV DL}z UV/0, FFfl T 24k
F/KH NOM g fL R . VUV il IR R KT 7= A4,
Wl A 185 nm,, 45 T2 X7k TOC fy 25 i sk = it
JF 41 F: VUV/0, > VUV > UV/0, > 0, > UV; H
VUV/0, Fl UV/0,( 0, =4 mg/L) [fJ - OH = iR
AAH141.16 x 107" mol/(L + min) F13.98 x 10"
mol/ (L - min) , 3B VUV/0, B NN T2,
VUV A 43 5] 58 3 % g K I O, 7= 4 - OH, fiT A
VUV/0, Xf NOM [ fe il % g F Hofth T2 %0t

FERXT LTI 4G pH (B (7.9 F1 11) X TOC 2B
RGN, 25 L pH =7 BFH bk R 5w, T fig
JEFCATER pH AT, & A R E BEE Y NOM
DI B T R AEAE, RIS O~ (9 S % 1 1 - OH
fiX, T PECF I mi AL T H 5 NOM Y i i
U A SNSRI A R (HA) 1 HARTS
Y, 755517 UV ARG O, AL )E UV RE 7 b 33 4k
T X5 A = A WL e BE K TR BE 1 g 1 52 1)
S5 RRWI UV B3 h, 7K TOC [ % 2 mg/L; 56 O,
FALJE UV 4G HEAC 1 h, /K TOC A fE % 2.6 mg/L,
4.3 UV/0, TZEFIESEI=WEK

20 g 70 AR, WFE N DB 22 & BLEH B
S A B =0 RO A e R SR, DA
0, FA 7 A TR IR #h 520 TH20 K, BGZe kB T
AR IR | o S L AR 2 T b 55— R A B T
SR Y . BT UV il ERO6m S . =
SR | (ERME AR AR = 1 FR 5226 (THMs ) 2 fF 5%
NGB T HAA A LR UV/0, T2 X 5 Al
P ZBRAICR , SR 1 B 7 W 0 A R
7~:_f‘7£‘[20—22] .

Zhao 257 SR UV FIME 1 O, Bip ) s i 9
A B L X HA B 25 B, & 3 HA XF O, il
UV/ 0, S At 7 s Rk i A 10 0 LB A ] g 40
EM . 24 HA GRS — @ W FE I, UV/0, 77 A (IR IR
EWRFEART Oy s (H2 M ik i O, B0 3 & A vk
JiE HA FIE e BE Br (7K AEH, UV/0, 77 AR R IR IR
W FEIAR I 10 pe/L, FHCR TG B O, 7l &
& UV/0, T ARl e 5 A1 L B HA 1A 3005
o Cheema 27 JF & T UV/0, T2 4b B Ik b
IR, e IR H T I L2000, AT Rk i
LY 5 S0 RN PR, T R THMs 1 A& 1.
Srithep 252 %} W58 T UV/H,0, . UV/0, J UV/
0,/H, 0, X 11 1% 2B 1 SR 4 1) 88 i sl 248, 485 R e B
=R LR R ) AR L AR R, Herp UV
0,/H,0, MfilzcR s, £ 10 mg/L ) H,0, fig
A2t NOM 119 23 il , 535 I 2 APk DT AR 1
NOM i G 1Y B . 1 1k, ek 2> 1 5 8 & i 1 4R
R
4.4 UV/0, 72Tl B 7k 4032 o 1 57 F

T R K K B A A%, 5 A R S LR W MERE A 1)
ARV, H WP FRE R WREE SR K AT
AR EGER TR, UV/0, T2 s A e, ar

.20 -



www. cnww1985. com 2R

F,5 RN AT LSRRI P B AR R AR

#3545 H14H

VE R B PR T 208 KB WLAIRE i N P AL
Wy 3R TREEK AT A AR, M R SRR T A
B, R @AM A RS e
7, BRATAE Tl B 7K Ak B8 rp BLAG T 32 1 R AT 5o
Shu 251780 % P YUkl B 2 7 4 (direct yellow 4) 22 UV/
H,0, 4 110 min J5 52 B, i UV/0, T 2L
16 min, Fu %' X L T 0,.VUV VUV/0, =Ff T.
X AL I B T AR ISR IE T R R Ak
7K COD 1 BBRACR, K BN 40 min J§ =Fp T2
%} COD [ 2[R 454 38.3% 40.5% 64.9% ,H
H VUV/0, Kb BRALCR e f5 24 O, #n i MA 14.7
mg/min 3K £ 125.9 mg/min, 0, X} COD 1y EEEZER
M 16.7% 8% 57. 4% ,VUV/0, X COD [ 2[5 M
58.3% 16 %5 87.8% ,{H & VUV/0, X O [ %
A Oy I 3G FEAIG, BIPAA 96. 8% [ %5 24.5%
PR Tk S RE VR TR 2% , T ZEAR R SE PR 1% DL AL O
Fi, lzadifard 277 % BLE B R L 5 UV/0, (A =
200 ~275 nm ) Hp[R] AT A 25 R A K e R ER TR ] s
FEL O R T T LB R BT &
D 25% W i B R Eh R . P R Y BR T E
SKH UV/0, T ARG 2 K BE T T K o] A4k
4, BOD,/COD w] f 0. 18 BN £ 0. 47, WL X%
B, P K AT A A A SRR 30 min PN 2RI,
Z 5 XA N o 33X AT BE S P AR ROV R, K R
49 5 1 ) A A B (BOD Oy 32) A5G 9t 41k 25
I, AT %2 7K () BODg 2B 5 T COD L fR3E,
T2 BOD;/COD A KA ; 76 S g 5 30, R 43 Xk
REAAAT A1 (COD 2y 32) UG ok A0 o0 i, A /N oy
T G AP, i ff BOD,/COD & 5 .
5 LZFHEIRN

Bolton 2 48 4 7 (o7 b B HL RE S RE (E )
SR ESBOEAER 1’ KPR HARTS Y K —
BRI BRI 90% ) I T BTN RE Y HL fE
FROR KL AL 45 Bl AOP (%) 7K Ab BE 22 5% 1 . Miklos
SEP SRR TR Y By (VAT IES A ST (P
EHWFE 1), B UV/0, ZhHE R ZHCH VLIS L1
E. ol <1 kW « h/m’ iy f5 4 0.70 kW - h/m’ ; #f
S HeEs, B AR KRR TR R FH A UV/H,0, T2 1)
EE()qJ,ﬁ—L{Ej‘j 0.75 kW - h/mzo %ﬁﬁ, EE:F 03 /E\*ﬁ
AR EAR RS, X R Ry e V5 Y, UV/ 0,
# UV/H,0, B hE &, 4, Shu 252 % 8 UV/

H, 0, R fiff 7N b 18 200 RL B /5 RO BEAE 2 UV/05 /Y
5~ 11 A, SR TR 20 A e et B o 4 PR AE
S 7.67 kW« h/m’ F10.945 kW - h/m’,
F1 FELGEIZHBEMAEKSEFE(E) BB
Tab. 1 Electrical energy per order (E,) values of different

treatment processes

% H A =S
0, 0.15 24
0,/H,0, 0.20 26
UV/& 0.39 29
UV/ i iR &R 0.67 12
Uuv/0, 0.70 31
UV/H,0, 0.75 149
¢ Fenton 2.6 9
BT IREL 3.3 48
Ak =4 AL 38.1 a4
UV/ [ FHAEAE 335 25

i 543

W 2616 8

6 L5 EZ

O UV/0, TP H s py 2% 44 i A (o i ae
JE) GAAR I B vT R 4R | B R AR | Y
I VA BASTG S0 A 9], 767K b B A A5 21 T3z
G, P MERE i 0 SV e (R 25 PR R B
TSI A ) ¥ B i) L BRAOR o

@ fEiEH pH {EFE P, NOM gt UV/0, T.Z
AR AR AT RE AR J5 2 0 S0 A AR P i A H
BERI A B, B AR FHK Ab B A2 T 25%F NOM
)53 M) 5 T BT o

@ UV/0, T ZREME I 5 & 7= 9 A i, (5.
T E BB O, 7l ; R kM Jukl s B4k A
TR IS5 T PR 7K H i X 8 i A ML TS e, 32T
PEoK WAl A4k, R T ie Se A T2 AL,

@  UV/0; 1EN—Fhar B K b BEE AR A
il AOPs, HAG =55 19 RE VAR (8 2800 A5 o

&  HEIRHAET UV/0, TEW5E 2804 F 525
FEH B, MARTT R R s 0 SR TN (HE AR
— PR Bk AOP, HAg 3 B Ry L. Bl
B BRI R TS, UV/0, TZHA %
TEZK A FRETARAT 2 B ]

SEH:
(U] BB, BB BRI, 45, R /K SO 2 e )

.21 -



#3545 H14H

T OE % K H K

www. cnww1985. com

(2]

[3]

[4]

[5]

[6]

(7]

[8]

(9]

[10]

BruE A e i [ T]. A EZKHEK,2013,29(7)
48 -51.

Li Mengkai, Wang Chen, Chen Peng, et al. Research
progress on the effective dose measurement methods for
UV disinfection facilities [ J ]. China Water &
Wastewater,2013,29(7) :48 - 51 (in Chinese).

Miklos D B, Remy C, Jekel M, et al. Evaluation of
advanced oxidation processes for water and wastewater
treatment—A critical review[ J]. Water Res,2018,139 .
118 —131.

PNEN, AU MR, S5, JET AN TSRO RO &
BEARTT SRR LS 22 Hh/ S8 AN BN /K h R s g PR
WETMERDOERE MR ACR (1], FREEREA 244, 2018, 38
(5).1851 - 1857.

Sun  Yujie, Li Mengkai, Lin Jiaxing, et al.
Photodegradation of trace sulfamethizole in water under

UV and VUV/UV irradiation based on a mini-fluidic

photoreaction ~ system [ J ]. Acta  Scientiae
Circumstantiae, 2018, 38 (5): 1851 - 1857 ( in
Chinese) .

Guan Y H,Ma J,Li X C,et al. Influence of pH on the
formation of sulfate and hydroxyl radicals in the UV/
peroxymonosulfate system [ J ]. Environ Sci Technol,
2011,45(21) ;9308 -9314.

Bustos-Terrones Y, Rangel-Peraza J G, Sanhouse A.
Degradation of organic matter from wastewater using
advanced primary treatment by O; and O,/UV in a pilot
plant[ J]. Phys Chem Earth,2016,91:61 - 67.

Fu P F,Feng J,Yang H F,et al. Degradation of sodium
n-butyl xanthate by vacuum UV - ozone (VUV/0;) in
comparison with ozone and VUV photolysis[ J]. Process
Saf Environ Prot,2016,102 .64 —70.

Zhao G Y,Lu X W,Zhou Y,et al. Simultaneous humic
acid removal and bromate control by O, and UV/O,
processes[ J]. Chem Eng J,2013,232(10) ;74 - 80.
gojic D, Despotovic V, Orci¢ D, et al. Degradation of
thiamethoxam and metoprolol by UV, O; and UV/O,
hybrid processes: Kinetics, degradation intermediates
and toxicity[ J]. J Hydrol,2012,472/473(24) :314 -
327.

BT EA—RUIR AT Z LUK 2415 5
W5 D). FE R ZR AR, 2015.

Zhao Guangyu. Research on Emerging Contaminants
Removal from Drinking Water by UV — Micro O, Process
[D]. Nanjing:Dongnan University,2015(in Chinese).
Li M K, Wang C, Yau M, et al.

Sulfamethazine

e 22 .

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

degradation in water by the VUV/UV process: Kinetics,
mechanism and antibacterial activity determination based
on a mini-fluidic VUV/UV photoreaction system [ ] ].
Water Res,2017,108 ;348 —355.

JEG. <53 T B Xk 7K v SRl 75 G 09 5 BR AR 1k S HIL B
W[ D], Jbat: iFfE R, 2015.

Tang Shun . Removal Characteristics and Mechanism of
Aqueous Micropollutants by Metallic Iron[ D].
Tsinghua Univerity,2015(in Chinese) .

Rao Y F, Chu W. A new approach to quantify the

Beijing :

degradation kinetics of linuron with UV, ozonation and
UV/0, processes [ J ]. Chemosphere,2009,74 ;1444 —
1449.

Liu X, Garoma T, Chen Z, et al. SMX degradation by
ozonation and UV radiation; A kinetic study [ J ].
Chemosphere ,2012,87(10) ;1134 — 1140.
Li M K, Qiang Z M, Cesar P, et al. Accelerated
methylene blue ( MB) degradation by Fenton reagent
exposed to UV or VUV/UV light in an innovative micro
photo-reactor[ J ]. Appl Catal B: Environ, 2016, 187
83 - 89.

Chen Z,Fang J Y,Fan C H,et al. Oxidative degradation
of N-Nitrosopyrrolidine by the
Kinetics and pathways [ J]. Chemosphere, 2016, 150
731 -739.

Xu Y, Wu Y, Zhang W, et al. Performance of artificial

ozone/UV  process:

sweetener sucralose mineralization via UV/O; process:
Kinetics , toxicity and intermediates[ J]. Chem Eng J,
2018,353:626 —634.

Ratpukdi T, Siripattanakul S, Khan E. Mineralization
and biodegradability enhancement of natural organic
matter by ozone — VUV in comparison with ozone, VUV,
ozone — UV ,and UV ;Effects of pH and ozone dose[ J].
Water Res,2010,44(11) ;3531 -3534.

Jing L, Chen B, Wen D, et al. Pilot-scale treatment of
atrazine production wastewater by UV/0O;/ultrasound:
Factor effects and system optimization[ J]. J Environ
Manage ,2017,203 ;182 —190.

AR ESUR, BB A R - SN AL B m AT
MLPIEOR IR BERCR I [T ]. BR5ER}F 22,2010, 31
(8):1807 - 1812.

Li Hua, Wang Wendong, Wang Xiaochang, et al. Effect
of ozone — UV pretreatment on coagulation of raw water
with high organic matter [ J]. Environmental Science,
2010,31(8) ;1807 — 1812 (in Chinese).

Cheema W A, Kaarsholm K M S, Andersen H R .



www. cnwwl985. com AR

FLF RN BRI LA AR b AR R ARt R

#3545 H14H

(21]

(22]

(23]

[24]

[25]

[26]

(27]

Combined UV treatment and ozonation for the removal of
by-product precursors in swimming pool water [ J].
Water Res,2017,110:141 - 149.

Cheema W A, Andersen H R, Kaarsholm K M S.
Improved DBP elimination from swimming pool water by
continuous combined UV and ozone treatment [ J ].
Water Res,2018,147:214 —222.

Chuang Y H, Szczuka A, Shabani F,et al. Pilot-scale
comparison of microfiltration/reverse osmosis and
ozone/biological activated carbon with UV/hydrogen
peroxide or UV/free chlorine AOP treatment for
controlling disinfection byproducts during wastewater
reuse[ J]. Water Res,2019,152.:215 —225.

Srithep S, Phattarapattamawong S. Kinetic removal of
haloacetonitrile precursors by photo-based advanced
oxidation processes (UV/H,0,,UV/0,,and UV/H,0,/
0,)[J]. Chemosphere,2017,176:25 —31.

Chu W H,Gao N Y,Yin D Q,et al. Impact of UV/H,0,
pre-oxidation on the formation of haloacetamides and
other nitrogenous  disinfection

byproducts  during

chlorination[ J]. Environ Sci Technol,2014,48 (20) .
12190 - 12198.

Wang H W,Li X Y,Hao Z P,et al. Transformation of
dissolved organic matter in concentrated leachate from
nanofiltration during ozone-based oxidation processes
(0,,0,/H,0, and 0,/UV) [J]. J Environ Manage,
2017,191 ;244 -251.

Shu H Y, Chang M C. Decolorization effects of six azo
dyes by O,,UV/0; and UV/H,0, processes[ J]. Dyes
Pigm,2005,65(1) :25 -31.

Izadifard M, Achari G,Langford C H. Degradation of

(28]

[29]

sulfolane using activated persulfate with UV and UV —
Ozone[ J]. Water Res,2017,125.325 - 331.

PN, SR, 2T, 2. RS/ 5 M LIS 28 1K
AAL KRR R FELT ] KA B A ,2013,39
(3):28 -31.

Tian Yanli, Zhang Zhihui, Li Peng, et al. Study on
acrylic fiber wastewater treatment by using ozone/UV
process| J]. Technology of Water Treatment,2013,39
(3):28 =31 (in Chinese).

Bolton J R, Bircher K G, Tumas W, et al. Figures of
merit for the technical development and application of
advanced oxidation technologies for both electric- and
solar-driven systems ( IUPAC Technical Report) [ J].
Pure Appl Chem,2001,73(4) :627 - 637.

YEZE /v HP75 (1996 —

)2, HORIR BN A A 5
Az, BRSO 18 N IR ATK A AL BEE AR

E - mail ;925304844 @ qq. com
%5 H #9:2019 - 02 - 25

ACHCEANER RIS

.23 .




