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Abstract

This study evaluated the applicability of UV-AOP process using medium-pressure UV lamp and H,O, to remove
TOC and emerging micropollutants in the effluent from a sewage treatment plant. The UV lamp with higher
output(1.6 ~8.0 kW) showed slightly higher amount of power in removing TOC of 1 mg/L(0.09 kWh/mg/L~0.11
kWh/mg/L), however it was found that there was no significant difference for each cases. In addition, under the
condition that the H,O, concentration is sufficient, as the power consumption of the UV lamp increases, the unit TOC
removal concentration per unit H O, decomposition concentration also increases, resulting in effective removal of
TOC. The removal rate of 7 new trace contaminants, such as antibiotics by the UV-AQOP tested, was at least 89.4%,
and the ability to remove the emerging micro pollutants in the process was very effective. But, it was judged that it
could not be excluded that the probablity of transforming to oxidated by-product in the case of a low TOC removal
efficiency. Depending on the operating conditions of the UV and H,O, processes, a higher BOD concentration is
found in the treated water than in the influent, and it is necessary to review the UV power and proper injection
conditions of H,O, to maintain the BOD concentration increase below a certain level.
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1. Introduction

Total Organic Carbon(TOC)7} &7 oA F&E3AH 7]
E3& e A /F71E20 tig A BHAEZE AL
H ol 20139 FE FAFAIEPALFH Y 2 2 74
A #3715 TOC T&o] F7tE e, st o4 A

#3471E 25 53 @t 2 mg/ll ol +E S, las
F)NA 8 mg/L =F(wFUHE, VISF)7HA TOC 7]+o] A
=0l Atk 2020 2€ 24U MNFE TSHFEHAG T,
< 20219 1€ 147E FZFFAZAIA - FolZFskrA
ZYr e FRrFFA7|IFE 71E CODE HASt TOC7t
AHE&HE 7IFo] AAHO Stk o] JEdAE 149 sA
ZE&F 500 m’ o)gel I, I Age X st Al
TOC 15 mg/L °l&ate] FFFFEIIESS WEAIAk 3,
M, VA 915t 19 A2 &3 500 m® 049 Al
4 919 58 8F 50 m® ol 500 m® W@} 50 m?
nwke] AJES BE 25 mg/l ©]8te] TOC 7]&o] F3afof
Steh A 90% ol FFstrAYAE RT TOC 5%

= vas 2 "ast o,
T FYAE T FEF, HBATE 5 OIAD B
Y WA VgL 7]
FAYAAE BRE Fol AR 9
o](Chen et al., 2018; Hong et al, 2019; Navarro et al.,
2020; Ruan et al,, 2019) FTHEZH}L S FH LR o] 5
W gego fEe 9% ATE ASHow FPd ox
. stEFAHEAAE EFTF Effluent Organic Matter
(EfOM) Fd&c] rAEdA Fediste 71228 BaH
I Qe k(Yoo et al,, 2014), Z-7A #7FAl RlFAdER o
Al BRTE TOCE T 482 &% Zstd TOC
71 d&sh7] HslMe HABE fE FrlEd B9 oly
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SJoJ(Ali et al, 2018; Huang et al, 2020; Jallouli et al.,
2018; Lima et al., 2020; Monteoliva-Garcia et al., 2020;
Rodriguez-Chueca et al., 2019; Roy and Moholkar, 2019) &
g 2 stEeAE ZEokdlA Y TOC AAEHLZ 05 A9
A, HyO,, TiO; & ol &% LEASIA T F o] A -&7Fs3t
th O:% g8 A 7t g s ARASAEFTE L
AetAkE B w7 e Aol dled, A A9
FEZE o] &dte A WAZ 1T o] Fol o Ml
27 AAA =W, wetA FR7 2 AR A = SE &
o Fx o] go] AFE F Utk FTY A FZE o] &S
7182 Eallol # AT+ 439 AFHo7= s, &
AFAME T AH FAZ/MH,0, LEsIAEFF 0] 4

A d WFF S Carbamazepine, 2,4-Dichlorophenoxyacetic

acid = WEHA ZolE29 aFHHQ B, AA7|&=E &
£ F AL HAFrh Shu et al. (2016)2 29 H/H,0,
IR T EE o] 8T 4059 LEF B ATNA
AGETE T AH FAZE o] &3 A7t o ¥2 i
E4 AAgol dojxioy, dFER AALH oA 28
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2. Material and Methods

2.1 Experimental setup and conditions

2 Ao o] &g U AYH WZE= Zo] 66.5 cm, &
AZE 1973 mW/em(BZE9 8kW, $AILA7(F) o
% 200~700 nm WY T AZIF o]F HFEEH
17.5 L9 2HJ#E2A 4E5F wgxo] AR5t A
I1x2s A & AFFAE TSI 2 AP o] &3
S A W= £HL g kwWRLH, o] EHAE 5
Az 22 (20%(1.6 kW), 40%(3.2 kW), 60%(4.8 kW), 80%
(6.4 kW), 100%(8 kW)ataAtt. 5% AL AR A o]
€8 H0= AYH wEx2 FY=HE Algsel 10,000
mg/L9 H,0, 84S 43 A& o2 FF, AlEF 5
EF %7 H,0, 552 30 mgLE stgon, A4 A3 A
ol FFke A I kol go] A 26.3~29.3
mg/L9 HEZ Yeiygtch £ AdeA & 7] H0, %
£ 30 mgLE AT o)fE 54 3A AYFE 0|85y
Hixdgoz P AuAdd AN Lozl AME A9
A FZ 100% st AZFE H0, #3l&% 0.407
mg/L/secE EUZE, & AFAA Y w2 FFAITHT0 sec)
B¢ FEY HaAlE F de A=Y H0, FEZFES L5}
7] dZolt}. o] ¢ 2ol H,0, FUZFS st A5t
A FYHE ¢ AYAD FxY EHAE AP EZN F
4 H0, 5% Y] 3¢ ¢ Ao #H= 9

AESAT

NFF2e FAYTHoE 4L AEY MLE 2 1%
SHAA BPGAog 2FHA e A2 AL ZY 3
A A o] &g o, AP EL AlESE 15 Limin
o] FFoE ALHOF AAZLA | FFATh AFT &
ot =38 AP435 9 BODE 0.8~2.7 mg/l, BEE 0.62~
0.77 NTU, &¢Z3 %X 90~94 mg/L, pHE 5.89~5.930%

A WEo] fiem, NOy-NE AZA g&Fo] oy Ald
717t B¢ 2.1~5.6 mgLE UERRTh AIFFY UVyus
0.050~0.091 /em¥ L™, TOC BEE 54~57 mgLAX
AldFe 22& AFAE A 20.1~208T, A3 F 202~
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Fig. 1. Schematic of experimental setup.

208CE Uehy 3¢ Ao A= A2 wg FHste
A9 gl Aoz Yyt $¢ AT H0E ©l &3
AEASAGARAS AFFE 15 Umind 2 9hgx
o QGsHA Fuotel FRSALH, o W A|dFe weE

W HEAITF 70 secHTh

2.2 Analytical methods

TOCE ShimazuAl9] TOC-L CPH E2& AREdle] £4
stew, BOD+= TELHFE7IF(ES 04305.1b)ol =t
AT R He vEY B s sy
Sodium sulfideg FFoZ H7l To EA5AHKeen et
al, 2013). UVass= DR5000(HACH), H:;0.E Titanium
Oxalate(Spectrophotometric) ¥ (Sellers, 1980)& ©]&3lo] &
A stATh

2 A s dEAHQ AFAY rZFeFELR T o
Y FoN = HIM3] AEH 3L & Acetaminophen, Atenolol,
Carbamazepine, Crotamiton, Lincomycin, Propranolol,
Roxithromycin, Sulfamethoxazole & 8% <] < <F&Fo ot
AA B4 AESHLH, AA AlFFol| A= Acetaminophen
S A 7E9 JFEFRIV AEHAT 4 WEEZEY &
T} B2 2 <Table 1> Yepd viet Zoh A AE 52t
AF A|E+= Oasis HLB Extraction Cartridge (6 cc/100
mg, Waters)2 IL44FE(Solid Phase Extraction)S AA]3k
¥, LCOMS/MSE ZZFEAsT. agFE A4 A 3
mLe WL 6 mLY &4 3 Oasis HLB Cartridge ]
A S At eH, 1dFE FFANA = Add A
AgNA AFE A= 1,000 mLE 1.0 um pore size®] GF/B
dE|Z o3, EDTA | g& 7 ¥ Oasis HLB Cartridge

2 5%& AN Y. Cartridge 55 €8 &, IZHZE

Table 1. Use and molecular formula of target pharmaceuticals

o] &3t <F 2A12F B¢ Cartridge® EFAIZAoH, 5 £
o 6 mLo WEEE CartridgeZHH &&& APt &
o] ¢53H A EE 37CAA N, purges AR L2H, N,
HA7} gaEo] AE A ] eSS o &3t A
LAA HF ASHEYE ImLE AT g JFEF
BEFEALE 02~500 ng/mL HHAA EXstR e, WHE
FEAZE Atenolol-d;,  Atenolol-d5,
Atenolol-d;, Lincomycin-d;, Atenolol-d;, Roxithromycin-ds,
Sulfamethoxazole-"Cs& o] &3ttt T3 BA A ooF
Foll thal S/N(Signal- to-Noise) H17} 3 ©]3+e] kol thajAl
= 22& A

LC/MS/MS(Agilent 1200/6460QQQ)E 8% otEFH
SAl 257 S8 ARl met o] F4te S-S WSt
7= AAF €29 (Gradient elution method)S ©]-&&F% o1,
LC/MS/MS 33 %712 Table 29 AA G},

Acetaminophen-ds,

2>

3. Results and Discussion

3.1 TOC removal by UV/H,0, AOP

2 AN E 1,0, 555 443 9
A FYPsta, T AN AZ FHAE 1.6~8.0 kW9
WA S7HAA ZHEA AES HEARE AAsATh
AHEE AR fze] A9} WS AIZH(T0 sec) > EH-E]
A AL d AFZHUV energy, kWh)S A& on,
Fig. 20l AAIg vt} Zo] 2 W= 0.031~0.156 kWhZ
et AgAdEe TOC 5E4H3E dvnd 945
9] 7] TOC BEE 54~57 mgLIon, AFdxe=
43~50 mg/LE Zastqth o] Z#HE o] &ste] AM 4
HHE R TOC AALEHY FAH S sty Hsl &
TOC AAEEmgL)E &89 AH AEFHkWhS &
stk 2 A, 2 A AHHEERW)S HEETE
3 ol &% AAE AFeE YehkALd 4LHdY 16
kW, 3.2 kW, 4.8 kW, 6.4 kW, 8.0 kWedl sl 0.09, 0.10,
0.13, 0.11, 0.11(AIZFS #A)A AHF kWhy(RAAE TOC
mg/L)) 2 &HAEY o] Fx AHgo] TOC A|A
Oa B8 FE oy  Aole gle ALE ddHnh
AP eFT AYH TS AHIKUV  irradiation  dose,
kWh/m’)# TOC AAEHe] #AE Fig. 391 AASATH

No. Target pharmaceuticals Use Molecular formula
1 Acetaminophen Analgesic and antipyretic agent CsHoNO,
2 Atenolol Beta blocker C14H2oN>O5
3 Carbamazepine Anticonvulsant CisH,N,O
4 Crotamiton Anti-itching drug Ci3H;NO
5 Propranolol Antiarrhythmic agent Ci6H21NO,
6 Lincomycin Lincosamide antibiotic CsH34N>06S
7 Roxithromycin Macrolide antibiotic CyHygN2Oys
8 Sulfamethoxazole Sulfonamide antibiotic CioHi1N;05S
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AP EFF A9H £ AFF 0.035~0.173 kWh/m* 9]
oA TOC AAEE 6.4%A 248%=2 Uelygton =
AP Fo] Z71dFE TOC AALL AFgFHez Z7)8

3

fr oo o

T S AN FZE 0] &7 & AENSA Y Z G A A

Table 2. Measurement conditions for LC/MS/MS

Z AEZA dsl H,0,Z 26.3~29.3 mg/L2 B lA
. FYE AL A Fo] FTkel w
P o] 0.156 kWhe] AHZF £¢
26.3 mg/LlA 11.2 mg/L7HA Za
SFlTh<Fig. 4> E3F @9 H0, 25 =mgl)d ~8d

> o
x
2
Lo
M
%
fr
o
f Ho £

Column ZORBAX Ecliopse XDB-C18 (4.6x150 mm, 3.5 pm)
Mobile phase A : Acetonitrile/Methanol(50:50, v/v)
P B : 0.3% Ammonium formate & 0.1% Formic acid
LC Flow rate 0.3 mL/min
) Min 0 35 10 13 16 21.5 22 30
Gradient
B(%) 95 95 20 20 5 5 95 95
Ionization mode Positive ion electrospray
Gas temp. 250C
Gas flow 10 L/min
ML/MS Sheath gas temp. 380C
Sheath gas flow 12 L/min
Capillary voltage 4000 V
Nebulizer pressure 40 psi
TOC H,0,
80 mmmmememeemem ool 0.40 400 - 0020
BMinf. OEf. O Required UV energy/Removed TOC g" - nf. Eff.  —0- UV energy/Degraded H,0,
=X 30.0 S 0015 T
= &E -~ =%
g ge 3 s
H g £ 200 — T e “Sa o010 ¥ 3
g %3 g . 8o
U e E © - 5 %
2 g 100 - fp=-==" - 0005 3
o [a]
00 0.000
0.031 0.062 0.092 0.125 0.156 0.031 0.062 0.093 0125 0.156
UV energy(kWh) UV energy(kWh)

Fig. 2. Variation in TOC concentration by introduced UV
energy during UV/H,O, treatment.

Fig. 4. Variation in H,O, concentration by introduced UV
energy.
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Fig. 3. TOC removal efficiency by UV irradiation dose
during UV/H,0, treatment.

Fig. 5. H,O, removal efficiency by UV irradiation dose.
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A1 AHFHkWh)S H&ES A4S Fig. 49 AASIH L

go PZE ALEFE I ol o
ANE AL & F Utk AAd LuldHo] 0.156 kWhe]
A$-(0.010 kWh/mg/L)7} 0.031 kWh(0.005 kWh/mg/L)ll H]
3 2u) o] 7kt AL=Z JErsith ol TOCY B¢ &
& A A= LuAE S IVMIAE B9 TOC E3lE
=3 &9 Agd FAYPFo] HA 0.09 kWh/mg/LolA ]
0.11 kWh/mg/L2 2 zfol7} §le RS2 Yeid 2% of
ZA otk H0,9 FUEE7 FAME 24 H & A9
A Wz LuA"E S FHAE BF H0.9 E3li &0l 71
5k, o] 2 QI3 OH vl Z BdFo] £3HM, ol AFH
22 TOC £3& ol A 7198 ALz 48ttt
a8y 2 Az dozl AFA s H0,9 4%
< ®al Mo E BetaL, By A Hze) Ay
] 7| 22 TOC AAE FoA A &gt} o=
ARBLF59 CO Y HCOy 53 22 OH oz 2AW
A FAREE 7193 Aoz AFHo] ol e &
T F7HEQ A8 AEV 99 Aoz #aEH I o
o AR2HE FTY A @Az H0.E o83 A

)

Oz 443 #ddE H,0,9 284 24, 28 ol 24
at7] 1% Au] s s A& Ad AL 4nAdY
I FY H0, 559 H4 wed t3 =7 24 A
oz FFHAT H0,9 e A1dd Addd FY A9
ZF WA= o] ol 7t wet A AR Frkshe

Aoz gRls Arh<Fig. 5>.

olojA T4 H,0, Edl5E(mg/L)d &9 TOC AASE
(mg/L)yg A&, FYdE A9d avA=E=E vasqch
Fig. 69 AAIS ube} o] 9] H,0, Bal5EF @] TOC
AATEE A LH|HHo] AZSFER F7Hst 0.156
kWhell & 0.093(AAE TOC mg/L)/(E3E H,0, mg/L)7}
A A%, 0031 kWhe 0.052(AA" TOC mg/L)/(EH=
H,0, mg/L) tiH] <k 1.8u] F7F3lth ol A 1=t
stAE 3 Al Aol g AP ZHA TOC w3 e <
o] H,0,9 &3 E3)7}F TOC AA FosA Z4&FdS
HAFe Aoz #AGd ¢ gith
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Fig. 6. Variation in the ratio of removed TOC to
degraded H,O, by introduced UV energy.
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3.2 Pharmaceuticals removal by UV/H;0,

S AA FZE o] &t LRSI 9%t §t
32 sl JRdste A F AT HFL
AALHE AEFGT ez g AF vFe
Tl A 22 AE0] EiEI 3= Roxithromycin
o|Jth. <Fig. 7>l A<l 8t 32 A5 4 iy
A& sl 53(R1~R5)° 24 EAS g3 FA%ES Al
Alstg o, BH 6.0 ng/L~191.8 ng/Le WHYE &Astn
AJAJtt. EAHEZ = Roxithromycin®] 186.0~203.0 ng/L%]
HAZ 71 ko, o]0l A Sulfamethoxazole, Crotamiton,
Lincomycin, Atenolol, Carbamazepine, Propranolol <2 =2
etttk 1159 A 5& ddez gd&axd g
ABRNEE HrF ATKLi and Zhang, 2010)9A4=
macrolide] &43A|Ql Roxithromycin®] 2% WA 2T L 9]
83 &R FHANAN 34.6% AAES BYoH, o
HGA AENe A TAHA ¢ F2 S&HA
9 FFol Y3 AAR o2 B wp itk ¥
sulfonamideZ] F4JA|Q1 Sulfamethoxazole®] 7% H| S vl
AFE ol&d HEHUA IFHAA AAFHA AAEL
39.1%2 22 FEol7le e, o AAs &4&8A
oY FFE &3l AAH= HEL FAZHS FFoIAL
o7& AR g3 o] Folzl Aoz Bastyt) ol &
o] itk YFEFECl ENH A FFAA S
Aol g AR} F2ol s AAHL dF FAAE
A=A Agaese 2t 4 g2 A& ¢ F Utk &
ATA AlgdolAe ot 32k A E A= £4
422 % Roxithromycin@} Sulfamethoxazole©] H| X% =

e 552 AE90 A5AAD WREE 59 BF IA

e ofN rlo Lo
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Fig. 7. Initial concentration of pharmaceuticals detected in
tested water.
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of Jerlidtt A E&EFF AL
kWh/m*9] 7% Sulfamethoxazole> 7
=0} 100% AAER vepgen, o
A 5 A=A 90% ol AAge] Aozt AAE
of SQlojxd 9 Aol ZasGoY, 2 AIAATFNME=
Atenolol,
Crotamiton, Carbamazepine, Roxithromycin =22 Z<]Ad
A=stA e e EHEF 2 AoZ YebETh 9ok
FRE LR 2559 FEF, TS ol&& 27,
At AN Az} 4 AN FZ g H0,E o] &3 &
eSS ¥ AT F AFH(Wols et al, 2013)A =
AHoZ A% 2 T AAH FZE o] & F FRHe
= & ZfEdey, o
o2 YEpde £9 24
AME JAEFE PSR 0~300 mlem’d] 4 A

o to
td

M

e

N,

18

>

i

Propranolol,  Sulfamethoxazole, Lincomycin,

yoox koo

2 E32 Ketoprofen,
Prednisolone, Pindolol, -9 %& =22 cyclophosphamide,
ifosfamide 522 Ueth & AFelA ez & 84
% Propranolol (445x1E4 cm*mJ), Sulfamethoxazole (362x1E4
cm*mJ), Carbamazepin (390x1E4 cm*m]) B Ei&%
At Fof Ei7b vHmE AL EZEZ, Atenolol
(309x1E4 cm¥m))S BFET Ea7l o2l B4z 2/
At 2 AFNA dger F gFEF F Crotamitons
A ¢t Lincomycin, Atenolol, Propranolol, Roxithromycin,
Sulfamethoxazole, Carbamazepine® OH #}t]Z¥}e] 2} b
SE&ENFE 47 8.5+0.2x10° /M/s(Dodd et al, 2006),

7.05x10° /M/s(Song et al., 2008), 6.77x10° /M/s (Chen et al.,
2019), 5.68+0.34x10° /M/s(Li et al., 2019), 5.50£0.7x10°
/M/s (Huber et al., 2003), 1.4x10° /M/s(Zhu et al., 2019)&
&d#HA k. £ AP E Propranolol, Lincomycin 52
qy UERET AP w2 AAgol Lo ¥,

¢

Carbamazepine< FZH o2 A|A&o] & Ao Uyt
S AR stEARFdAE bt IEELR AT FF
o2 i g2 FFY AAL] dox ez AGHT
2 dFdAE 8 32 AFFd JRSe YFEFE
HEoes SR, 89.4% o)d9] 4Es] ¥ AAeE] &
oA 7€ dA7%Y FAFAHA ¥ae AU AT
H,0, B8 382 U gIFEF AA 4338 8T A

oz gwgE
SA AT AYH T AP Fo] 0.104 kWh/m’
0.173 kWhim’sl A& BE tidEd o] 99% 14714 A A=
£ ¥E&3 A9 1=ASAT
A5 A2 8HYT A4 £ AFF 0.104 kWh/m®
Al FAA T 22 AF VELEEDY 2FHA
AASE 28 5 S Aoz AT A& nig} 2
1 AZFF 0.035 kWh/m®, 0.104 kWh/m®, 0.173
kWh/m*o| 2] TOC AAEE 6.4%, 13.1%, 24.8%= YEt
wom, oje} o] HluFH %2 AAES Bl TOCSH: &
g &2 ATNA ez g A § 75 JFEFY A
A2 89.4% olgdo g Jehd X2 dide gl
4 5ol @ ti zole e F Aoy, 93
C AAYE GE7t AE vFLAELY 5745
FEE 7 g AeE #dHArh
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Fig. 8. Removal efficiency of the detected pharmaceuticals by UV irradiation dose.
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Fig. 9. Variation in the ratio of BOD to TOC by UV
irradiation dose.

o wZ BOD sE=M3IE AT 74 AFAAMY 7Y
+% TOC BEE 54~57 mg/ll, BOD B%& 08~2.7
mg/LRom, 1E4sAFE A FFTY TOC SEE 4.3
~5.0 mg/L, BOD %= 0.5~2.5 mg/L% ¥ 2 Yeiyth
<Fig. 9>. Zt AP E&FT T AAH AGFE=E {45
A2 49 TOCo| Wt BOD &= g vj& B4 23 %
ol 93 FF 9028 S Fig. 99 AAstA T FAFEL
BOD/TOCE 7t A@AInteh o4 9 WE 2 Q1o 0.149
~0.4709] WL AJeH, AZFFY BOD/TOC G4
0.035~0.139 kWh/m*el & 2 WEo] S5 gkt 1
HU 0.173 kWhim’9) 7H8 & A9 A8 F FA Az
4% BOD/TOC7} 1.5W1 2 {9 aHA 53ttt A4 BOD
BX9 ASE 0.173 kWhim® $9A] #4< 2.3 mg/LolA

38 1

(6]

AYF FS9o] A5 BOD &
Aoz gle At

oA A AE & UVosys 795 0.050~0.091 /em, A
24 0.014~0.048 /cmE ZAEES 45.5%~72.0%2 BIA
on, B AE9F Ik wet 374 TOC AAETH= 2
g 2 AdxdoMde FY JEZTH UVt B85S

glal7le ol ok

b1
e
ofN
N
>,
Y
4
30
rlr

4. Conclusion

2 AFAE TOC 2 A% MFLdEd AAS FH
2 Y A Az H0, BE AL AEASA
H84€ FGrhstazt AA sk 34 A S
57t A7E sk £ dTERY o

1) AQA @Bz ARG AFFHEE AP ETT AH
Y AgBel I7HEFE FAdFE 33 AYs) F9
TOC AAEL Hl# st F7hstden, s3€ Az
AAE @9 TOC AAFTEmgL)T 279 A AGF
(kWh)©] 0.09~0.112 et o] 27E AHEE 29 9
Zo] AujAFe] ARSFE FUF TOC AAFTE 24

fo o

SIS EEIAES|X| M36H A4S, 2020

7he sleu, g gz o
2 52 ¢ F AU

2) T A2 AL H,0,5 26.3~29.3 mg/Le] el
g A3 AHgE Aol gz mHPFo] FtEs
HEET &9 TOC AAEE FA F7hst
Al #a8l7E ToCce &AL

DI
A,
rir
[}
)
of

LA
12
~
1%
olN

0%
_O|L
>
rir
82
O
q

o op

&

o
EN

=
2
1o
fol
o
u

e

2
2
®
=

2

o, ok

o

gy
K vwo
CL
2
B

FAA 5 754
L2 TOC AAEH=
A A

3 F

e
2
oo

N

o, Xt [o

ofx

> =

Q@ o o

2

o 2B

3%%

LR

N

- or

fﬁi%l

4o f

of

o
1o
r,
of
o
o
to

o
s
Ho ¥ it fo

A=)
!
ei)
tjo
mO

2

N
2

S ofy
> oX
M =

fe o o Y omo fh >
[
o
2
= do

(oo to o
i, 1 6 ro
e

7

N
>
1)
BN
of

0.173 kWh/m*9] 7} £& A4 A8 F
AY$% BOD/TOC7}F B AHFE £
el A A 5.7 AA 5T AL
sl e AA FYFED Aol o =
oD gel=lo] BOD % Z7H8 93 3= ol3t
2A57] YsiMe AES AH AEF TR
E7F AdEojof & oz At

= 0

= o
38

% tlo =

o 2

N
[ _lm

|z

off
)

N
k)

o orle SO o
w
i
o
o

o o

Acknowledgement

2 dFE FF1047eATY FRAFE(2020-0041)9] 4
TH] gl g3 P HAFUT

References

Ali, F., Khan, J. A., Shah, N. S., Sayed, M., and Khan, H.
M. (2018). Carbamazepine degradation by UV and
UV-assisted AOPs: Kinetics, mechanism and toxicity
investigations, Process Safety and Environmental Protection,
117, 307-314.

Chen, S., Zhou, Y., Meng, J., and Wang, T. (2018). Seasonal
and annual variations in removal efficiency of perfluoroalkyl
substances by different wastewater treatment processes,
Environmental Pollution, 242(Part B), 2059-2067.

Chen, T., Ma, J., Zhang, Q., Xie, Z., Zeng, Y., Li, R., Liu,
H., Liu, Y., Lv, W,, and Liu, G. (2019). Degradation of
propranolol by UV-activated persulfate oxidation:Reaction
kinetics, mechanisms, reactive sites, transformation pathways
and Gaussian calculation, Science of the Total Environment,
690, 878-890.

Dodd, M. C,, Buffle, M. O., and von Gunten, U. (2006). Oxidation
of antibacterial molecules by aqueous ozone: moiety-specific
reaction kinetics and application to ozone-based wastewater
treatment, Environmental Science and Technology, 40,
1969-1977.

Hong, Y. M., Lee, 1. G., Lee, W. S., and Kim, H. W. (2019).



Se At aMsles SHE 0I8B 5f 37 XME|+E SRVIE) OZAEA 7 321

Mass-balance-model-based evaluation of sewage treatment

plant contribution to residual pharmaceuticals in
environmental waters, Chemosphere, 225, 378-387.

Huang, Y., Kong, M., Coffin, S., Cochran, K. H., Westerman,
D. C,, Schlenk, D., Richardson, S. D., Lei, L., and Dionysiou,
D. D. (2020). Degradation of contaminants of emerging
concern by UV/H,O, for water reuse: Kinetics, mechanisms,
and cytotoxicity analysis, Water Research, 174, 115587.

Huber, M. M., Canonica, S., Park, G. Y., and von Gunten, U.
(2003). Oxidation of pharmaceuticals during ozonation and
advanced oxidation processes, Environmental Science and
Technology, 37, 1016-1024.

Jallouli, N., Pastrana-Martinez, L. M., Ribeiro, A. R., Moreira,
N. F. F,, Faria, J. L., Hentati, O., Silva, A. M. T., and Ksibi,
M. (2018). Heterogeneous photocatalytic degradation of
ibuprofen in ultrapure water, municipal and pharmaceutical
industry wastewaters using a TiO,/UV-LED system, Chemical
Engineering Journal, 334, 976-984.

Jeong, D. H,, Cho, Y., Ahn, K., Chung, H. M., Park, H., Shin,
H., Hur, J., and Han, D. (2016). A study on the determination
method of TOC effluent limitation for public sewage treatment
plants, Journal of Korean Society of Water and Wastewater,
30(3), 241-251. [Korean Literature]

Keen, O. S., Dotson, A. D., and Linden, K. G. (2013). Evaluation
of hydrogen peroxide chemical quenching agents following
an advanced oxidation process, Journal of Environmental
Engineering, 139(1), 137-140.

Li, B. and Zhang, T. (2010). Biodegradation and adsorption
of antibiotics in the activated sludge process, Environmental
Science and Technology, 44(9), 3468-3473.

Li, W, Xu, X., Lyu, B., Tang, Y., Zhang, Y., Chen, F., and
Korshin, G. (2019). Degradation of typical macrolide
antibiotic roxithromycin by hydroxyl radical: kinetics,
products, and toxicity assessment, Environmental Science
and Pollution Research, 26, 14570-14582.

Lima, V. B., Goulart, L. A., Rocha, R. S., Steter, J. R., and
Lanza, M. R. V. (2020). Degradation of antibiotic

different ~AOP
electrochemically generated
Chemosphere, 247, 125807.

Monteoliva-Garcia, A., Martin-Pascual, J., Mufiio, M. M., and
Poyatos, J. M. (2020). Effects of carrier addition on water
quality and pharmaceutical removal capacity of a membrane

ciprofloxacin by systems  using

hydrogen peroxide,

bioreactor - Advanced  oxidation process combined
treatment, Science of The Total Environment, 708, 135104.
Navarro, 1., Torre, Adrian, Sanz, P., and Angeles Martinez, M.

(2020). Perfluoroalkyl acids (PFAAs): Distribution, trends
and aquatic ecological risk assessment in surface water from
Tagus River basin (Spain), Environmental Pollution, 256,
113511.

Rodriguez-Chueca, J., Giustina, S. V., Rocha, J., Fernandes,
T., Pablos, C., Encinas, A., Barcelo, D., Rodriguez-Mozaz,
S., Manaia, C. M., and Marugan, J. (2019). Assessment of
full-scale tertiary wastewater treatment by UV-C based-AOPs:
Removal or persistence of antibiotics and antibiotic resistance
genes?, Science of The Total Environment, 652, 1051-1061.

Roy, K. and Moholkar, V. S. (2019). Sulfadiazine degradation
using hybrid AOP of heterogeneous Fenton/persulfate system
coupled with hydrodynamic cavitation, Chemical Engineering
Journal, 386, 121294.

Ruan, Y., Wu, R., Lam, James C. W., Zhang, K., and Lam,
Paul K. S. (2019). Seasonal occurrence and fate of chiral
pharmaceuticals in different sewage treatment systems in
Hong Kong: Mass balance, enantiomeric profiling, and risk
assessment, Water Research, 149(1), 607-616.

Shu, Z., Singh, A., Klamerth, N., McPhedran, K., Bolton, J.
R., Belosevic, M., and El-Din, M. G. (2016). Pilot-scale
UV/H,0, advanced oxidation process for municipal reuse
water: Assessing micropollutant degradation and estrogenic
impacts on goldfish (Carassius auratus L.), Water Research,
101, 157-166.

Sellers, R. M. (1980). Spectrophotometric determination of
hydrogen peroxide using potassium titanium(IV) oxalate, The
Analyst, 105(1255), 950.

Song, W. H., Cooper, W. J., Mezyk, S. P., Greaves. J., and
Peake, B. M. (2008). Free radical destruction of [3-blockers
in aqueous solution, Environmental Science and Technology,
42(4), 1256-1261.

Wols, B. A., Hofman-Caris, C. H. M., Harmsen, D. J. H., and
Beerendonk, E. F. (2013). Degradation of 40 selected
pharmaceuticals by UV/H,0,, Water Research, 47,
5876-5888.

Yoo, J., Lee, B., Hur, J., and Jung, J. (2014). Physicochemical
and toxicological properties of effluent organic matters from
sewage and industrial treatment plants, Journal of Korean
Society on Water Environment, 30(1), 80-86. [Korean
Literature]

Zhu, S., Dong, B., Wu, Y., Bu, L., and Zhou, S. (2019),
Degradation of carbamazepine by vacuum-UV oxidation
process: Kinetics modeling and energy efficiency, Journal
of Hazardous Materials, 368, 178-185.

Journal of Korean Society on Water Environment, Vol. 36, No. 4, 2020





