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ABSTRACT

In this study, the fate and removal of 15 pharmaceuticals (including stimulants, non-steroidal anti-inflammatory drugs,
antibiotics, etc.) in unit processes of a sewage treatment plant (STP) were investigated. Mass loads of pharmaceuticals
were 2,598 g/d in the influent, 2,745 g/d in the primary effluent, 143 g/d in the secondary effluent, and 134 g/d in
the effluent. The mass loads were reduced by 95% in the biological treatment process, but total phosphorous treatment
did not show a significant effect on the removal of most pharmaceuticals. Also, mass balance analysis was performed
to evaluate removal characteristics of pharmaceuticals in the biological treatment process. Acetaminophen, caffeine,
acetylsalicylic acid, cefradine, and naproxen were efficiently removed in the biological treatment process mainly due to
biodegradation. Removal efficiencies of gemfibrozil, ofloxacin, and ciprofloxacin were not high, but their removal was
related to sorption onto sludge. This study provides useful information on understanding removal characteristics of

pharmaceuticals in unit processes in the STP.
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Sra{ElAE HRISYE ARASE i & =ARA 24

5 =

5o WRYFEA FES WMo AALES 24
sldou, ot wolEdy wRojetzde AEL
A34e17] 9131 olef 02 A el 4 o

SANA Y AA =
i oA el AR
A, A4, £ed, BIE 5
sh4 E43 s Qold L AN
8+A A FA|7HHydraulic retention time, HRT), 11 & &
A FA]7H(Solids retention time, SRT) 5 dF=* 2] A] A
o] o7 olxte}l THEE Qolo] Balx oz zhasict
(Behera et al., 2011; Carballa et al., 2004; Luo et al.,
2014). 2otz B4R 2 A 48] oA A| Bk ohje}

FY5 B THS F RAEY, BB R By S
A, el&eix 5 WAk ARol FHE 2L YA

oz HAsIe] BRolerE el AFE wrl Hote
sforaly] Slgt A7) SqE T Yok Sa) B

A ¥, anaerobic-anoxic-oxic(A20) 3%, membrane
bioreactor(MBR) 5, aerated lagoon ¥ 5 THY3SH
AelslolA EdFAE A5t A A7y
Holl A AEslel 24 F2ko] R d e AA
of #ojst= HlE&S AASHL ol HE AYFHH

Table 1. Chemical properties of target compounds

| dle] AurR el AlAH EAl| tigk oS =oln
1O} (Ashfaq et al., 2017; Baalbaki et al., 2016;
Guerra et al., 2014), o}24] =iUf sl=A] 2] Aol A= o]
o ts Q7 sl

wreba] 2 Atol A= YA, ZHdAl, NSAIDs -5

1539l e e SR HoA A A
RS O WO R Liro] A BASIYT, 2
91350149 %‘—3} 2 Estel A%S Bk
we BALA BHES B9 A0 FHolA BFolet
299 AA 542 sttt soick

2, A

2.1 ZAHY 23

FAYA| 5%, NSAIDs 5%, 24 18 5 F 15852 A
i 2R dgelglon, A Zel-seks 54
Table 1o YeRfdct EEFE2-2  Sigma-Aldrich®}

0

Flukaol| A 913t 98% o]Are] 14k A|oFS A}8-3}
Pl 10 mg/Lo] EFEHE ZA5te] 20T o]ate]
4T Yol 22 nAsiolet A EEE A

Molecular Weight Water Solubilit
Compounds Molecular formula (g/mol) 8 Log Kow pka (mg/mL) Y
Analgesics/Non-steroidal anti-inflammatory drugs (NSAIDs)

Acetaminophen CsHoNO, 151.2 0.5 9.4 30.4
Acetylsalicylic acid CoHgO,4 180.2 1.2 3.5 4.6

Diclofenac C1sH1;1CLNO, 296.2 3.9 4.2 4.5%10°
Ketoprofen C16H140; 254.3 3.1 4.5 0.1
Naproxen C14H1403 230.3 3.2 4.2 0.1

Antibiotics
Cefradine C16H19N304S 349.4 -0.3 2.6/7.3 2.8
Ciprofloxacin C17H18FN504 331.4 0.3 6.1/8.7 11.5
Ofloxacin C18H20FN304 361.4 -0.4 6.3/7.9 28.3
Sulfamethoxazole C10H11N;0,S 253.3 0.9 1.6/5.7 3.9
Trimethoprim C14H15N4O4 290.3 0.9 7.1 2.3
Stimulant
Caffeine CoHioNLO; 194.2 0.1 | 14 | 2.6
Others

Carbamazepine C15H12N,0 236.3 2.5 13.9 1.8X10?
Cimetidine C10H16NsS 252.3 0.4 6.8 10.5

Gemfibrozil Ci5H2,03 250.3 4.8 4.5 5.0x10°

Iopromide C1sH24I5N;04 791.1 -2.1 10.6 2.4x107
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acetaminophen-D4, caffeine 13C3, carbamazepine-D10,
ketoprofen-D3, ciprofloxacin-D8, sulfadimethoxine-(phenyl-13C6)
2758 ol galo] vEkeR RELAS 2AT T 2

X o] B45te] ALgIHIIL

2.2 ZAY MY H A= R

AWt sk=A 8-S 40,000 m*/do] L A20 &

k= A SEEAEAAEE AL AR A
, SkEA YA AEATE D RAF R
Fig. 1o YBhITE st Al d 2 fda7t
H AR, 12 A, AE-E=x, 223 A, AL
A-AANEE AH A= o] HR{7F 5o, A20 &
9] &9 %7 Table 20 YEFY ST 2018 6Y
g 12971] 33]o] AAHA 2AFSEITE HhRg 2
& Ao A9 WAAE(Grab)S AR 3%
o, 1 9 BE A7 24A17F E3HA] & (Composite)

o o

do ™ oX rk
2 rlo 9 wo

o

Ut |0 o2 4z rE oo i

Reject
water
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o)

Second
clarifier

Primary
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L Coagulation Q) Effluent

Fig. 1. Process flow diagrams and sampling sites (indicated
by yellow circles) of the STP.
An.: anaerobic tank; Ax.#1: anoxic tank 1; Ax.#2:
anoxic tank 2; Ox.: oxic tank.

An. AX. AXx. Ox
chamber 7

0

Retum sludge
Excess sludge

Table 2. Operating conditions of the STP

Parameters Values
HRT (h) 9.5 (9.3-9.6)
SRT (d) 17.4 (17.2-17.8)

MLSS concentration (mg/L)
F/M ratio (kg BOD/kg MLSS d)
BOD loadings (kg BOD/m® d)

3,300 (2,950-3,570)
0.14 (0.13-0.14)
0.32 (0.31-0.33)

2.3 Hx2| 3 2AUH

SR A Aol A] ARolbRAL o4 e i
o dejz EAsine ¥ 7x Fejel Az Y4

e AAES A8stilen, A3 AtolA AAl
gk B4 da 9 7] 2Her A
(Park et al., 2018). HAA R E= 045 o] F2]45 o
A2 o7t & 2 mL LC-MS/MS-E- HEo|ofl 900
uLE F3le] 1% EEXKFormic acid, 100 pL), 40
mg/mL F%= 2] ethylenediaminetetraacetic acid disodium
salt dehydrate (Na,;EDTA, 10 pL), 10 pg/L 5x=2] thA]|
#FE4 (10 ph)E kst EA8HAH (Fig. 2).
AR S BEREAL 045 mo] FEAR ot
A2 ofapeln TgRo] FAE olTAE 50 mL 42
Aol Y1 1% oFM|EAK Acetic acid, 5 mL), P4 &
YE Y (Acetonitrile, 10 mL), F43HAHYEF(Na,SO,,
2g), 40 mg/mL %% ©] Na,EDTA(0.2 mL), 100 g/l %
=o] A EEEHE(100 pL)E A7bske] 127 S8l
£ o]&sto] o5 &3ttt 1 thef 4,000 pm O 2
SEXE AR E A7 oOMEYE" F 1 mLE
frefel Fsto] AawE7|E ol8dl A+
HebE 0.1% ZE4ARS 192 E943t s o] 83
L35} e} upx|at S & polyvinylidene fluoride 2 2]
0.45 m AR LY E o]&3l ojistal o] 2T Al
B2 ARESIGTE AR S SRR AS ddE
27|15 o]-&35to] 3,000 pme = SEIF LA RS A
2 Ao 045 m AR EHE o83l ofatsto]

[ LiquidSample |  SolidSample |
Filtration Centrifugation
(0.45 pm) (3000 rpm, 5 min)

[
Filtered sample
or
Supernatant

|
Filter

Sludge (1 g-wet)

Vortex (1 min)
- 1% acetic acid in water

Collection sample
(900 puL) in 2 mL vial

(5mL)
Injection - Acetonitrile (10 mL)
-1% formic acid in -1.S.100 pg/L
methanol (100 uL) (in MeOH, 100 puL)
-1.S.10 pg/L -Na,80,2 9
(in MeOH, 10 pL) - 40 mg/mL Na,EDTA
-40 mg/mL (0.2mL)

Na,EDTA (10 uL) [

Centrifugation/
partitioning
(4000 rpm, 5 min)

N, purge
Acetonitrile layer (1 mL)

I Filtration
(syringe filter, 0.45 pm)
— Collection sample (1 mL)
in 2mL vial

Analysis
(300 pL, online SPE
LC-MS/MS)

Elution
- MeOH (1 mL)
- 0.1% formic acid
in water (9 mL) I
- Analysis
(300 puL, online
SPE LC-MS/MS)

Fig. 2. Schematic diagram of the pharmaceutical analysis for
liquid and solid samples.
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O—

9l SPE A#-& z-7+ ACE 5 CI8-PFP (150 x 2.1 mm)
9} MAYI-ODS(G) (2.0 x 10 mm)E AR&-&}5Ich

2.4 E=HS/Y

10 mg/LO] FF=8MS 2} 07 3|45k 0~10,000
ng/Lo] Hel2 FAIAS A5kl Be B4 2%
Al7F 099 ool &L
and Gupta (2011)9] A-tollA] AAGE AAE HETHA
(Limit of detection, LOD)2} A aFSkA|(Limit of quantification,
LOQ)= ARuEIH AoA AT of F58] (SN
ratio)7} 242} 3, 10 o] o2 AbEstgirt. A Bt
TAA RO LOQE ZHZF 1316 ng/L, 0.6-4 ng/g® L}E}
Sl =AY S WAAIRAA] 92~113%, 1L
AR A 61~115%F3L Bt 10% v|Rke] Ao FH
2= el o, o] A3 A5t (Bourdat-Deschamps
et al., 2014; Rossini et al., 2016)°)| 4] A A3t 3|48 H
Aot FARRE Ao= veh A= HEd A &
Aol 7hsdh Ao wE westglct

i
o
SRR oA 2R olorE
F2 AEHteoA ndEel ot st
Al 2kl o3 AlAE T dA Utk (Gao et
al., 2012; Guerra et al., 2014). B2 JoJESHA|Z

HAEL Rkl LA Fa oF AAR B 4

ay X HO1S o
oo Mo px

71A, Miuen (@/d) = AEHWSZE HU4 FF
(m'd) x BEWSE FU5o AFotEH Fk
(ng/L) x 10°, Memens (@/d) = W ERS 2 G55 53
FFod=d 5=

() x FEWNEE §ES
o

(l'lg/L) X 10-6, Msarption (g/ d) = o] ')E_K_I:HX] HE]-}\gﬁ (m3/ d)
\ _

3. Zuat ¥ nF
3.1 BHERZIAIY FROISN 1 Hx

311 Rede Y HEr S

FrolgollA 1589] &4lo] B HEE It acetaminophen
9] 57} 24,608 ng/L2 71 =9k0 ™, caffeine(17,727 ng/L),
acetylsalicylic acid(5,643 ng/L), cimetidine(2,488 ng/L),
naproxen(2,183 ng/L) <=2 2 =7 YEltTh (Fig 3). 31
Y AlD §U5=0l| 4] acetaminophen, caffeine, naproxen
Y B4 SR ot vl=, §9, Ut 5o =
Tt e = w2 ¥ %9 ch (Conkle et al., 2008;
Gracia-Lor et al., 2012; Nakada et al., 2017). &A3A] <]
73-%- cefradine®] 809 ng/LZ 7} =2 & HFo
™, sulfamethoxazole(125 ng/L), ofloxacin(124 ng/L),
ciprofloxacin(36 ng/L), trimethoprim(34 ng/L) -0 2 =
Al HEEUch G5 AT FAGolA =4 dHEE
= olfre= A v} dRlo] Q=T 2015
ZAE Ao o5t -ejutete] A M| <l
=+ 100083 30 DDD(Defined daily dose, 4 YAMEEH =2
AAE x7F Bat 25 DDDEGF 2 SEo]2fal Halg
v} Qlt} (Klein et al, 2018). Iopromide, ketoprofen,
carbamazepine-2 100~1,000 ng/L2] 5= HY=Z YElt
11 diclofenac®} gemfibrozil®] =+ Z+Z; 45 ng/L, 12
ngL R e 5 90504 e SEon 42y
.

ol Als AEetA nvke 2 LERd acetaminophen
= ALt 1459 Z4o] HEHUE 1 F cimetidine
9] w7} 1,704 ng/L2 7} =901, iopromide(322

slov], Apslo] ojg AAE ABNEE U5
L Balaol|A] AJEHIS R0 A O-EE= Halekm) o] ng/L), diclofenac(251 ng/L)? carbamazeplne(li.B r.1g/L) —(g—
o]S A2 WAEL Balers Wiy Al: Sk 2 9ot o2 =A YeElgth (Fig. 3). Acetylsalicylic acid,
A1) ketoprofen, sulfamethoxazole 50~100 ng/LY] ‘5= %
0., cefradine, caffeine, gemfibrozil-> 10 ng/L ©]5}-2]
Minfluent = Mefftuent + Mbiodegradation + Msotption (1) 17/:]— _g_ %—_EE ]/‘."5]_1;}\—]:]_
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Fig. 3. Pharmaceutical concentrations in influent, reject water, and effluent of the STP.

3.1.2 IR+ S 5 549 A% HvRsE S st ATAIER oA
B _ B _ S0l H|go] =& AL o &~ 9t} HFES =
e B ate Y ko wen g TOTE MR R RS & T BT WEE S

Ao A Aa 9 B oA weph 5y o) o Fel = waEel g Sl ohe ot

A2 A A] HFE 0] O 0] EAAL O2ko] olAF

ol i SeREBRoR fusel Aeseg TN WA 78 A OE B0 Ee

2] or71 7 A o 0 01| Ao] AT n|HL
o Wik YBkTh wges A1E eg | BT TRASE U A0 SEE AIEE A
AWgk ofuet &8 A] Aol EAstd ZhRolorEE T T

B A9 s4A

“* Sl Fig. 39]

£ mFEo] glom, o]F Fwrt
Aol Ael e Aok
[e]

el uhe} Zo] sl e R RS %
AFSt A3} acetaminophen©] 5,573 ng/L=2 71 =9FS

), caffeine(3,841 ng/L), acetylsalicylic acid(3,303 ng/L),
cimetidine(2,385 ng/L) <=2 =7 UETh ¥R
of| A diclofenac, ofloxacin, ciprofloxacin®] sZ= 236
ng/L, 160 ng/L, 63 ng/LE Uehts 5§94 SEn
o B ST =4 Uehue A 23len, o]

ool

O Suspended solids

3.1.3 ER=E2 ¥ &2X| sk
OOl A = HOH

Fig. 4ol Uehd v} Zro] f9)= 5 R4 &
L= acetylsalicylic acid”} 566 ng/g= 714 =9Fo o,
acetaminophen(177 ng/g), cefradine(154 ng/L), caffeine
(148 ng/g), iopromide(75 ng/g) <O = =A LeRgTh v
Hof  carbamazepine, diclofenac, sulfamethoxazole,
trimethoprim A& 5] X] &Rkl gemfibrozil, ketoprofen,
cimetidine 5 ¥4 589 sE+= 15 ngg O|5tRE FH

O Activaled sludge

100040
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Fig. 4. Pharmaceutical concentrations in suspended solids and activated sludge of the STP.
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Sra{ElAE HRISYE ARASE i & =ARA 24

&

A JHoR T2 5 Hlrh Wang et al.
(2018)> &=2] 77 Sh-#HpA YAl AN Hi=d
S ZA8lo] caffeine, ketoprofen, gemfibrozil®] HE=5
137 ng/g, 13 ng/g, 6 ng/g= HISIR oM o]= & A+
o] A} HARIH O,  acetaminophen(16  ng/g),
ciprofloxacin(419 ng/g) 59 =+ & A9 Ao}
10~508 2}o]7} Q= A o= Lhelitet. Park et al. (2018)
© 27) AP A Mo A 2750] AR O|FRS ThAke
2 RGEY 55 ZARSE 23} acetylsalicylic acid,
acetaminophen, caffeine®] H4+ 5%} 1,007 ng/g, 300
ng/g, 284 ng/g® =2 50 2 ey}l carbamazepine,
gemfibrozil, trimethoprim 5-2] E4-2 A5 k)
3 wTgh v glow], o B o] Aumel AR
Ae wort

S7]zoA fF T BHE A FE+= ofloxacin®]
1,022 ng/g=2 7P =9FOw, acetylsalicylic acid(659
ng/g), cefradine(386 ng/g), cimetidine(296 ng/g) <~O. =
=7 YElt} (Fig. 4). Trimethoprim¥} iopromide+=
AEE A ka1 naproxen} gemfibrozil®] s == 20
ng/g ©|5t2 YA e Guerra et al. (2014)9] &
Tol A HUTHe] 67 Skl 2 A oA Yoise

A FEE A= A F ofloxacin®] Fk=

690 ng/ge E A9 AnpRc}t WO, ciprofloxacin
9] F&+= 6,500 ng/g= & A-Le] AxtET} 1008 717}
o] =2 o8tk S A TS o8 ARl
S} w|4=2] 2] A of| A] diclofenac, acetaminophen, ketoprofen,
sulfamethoxazole®] &4&81A| sX+= Z+2F 140 ng/g,
90 ng/g, 35 ng/g, 10 ng/g= U E}F=1] (Radjenovic et
al,, 2009), o] =49 T & Aol AR 4
e} FARSE 5 HYt) Jelic et al. (2011)2 37j
shH|lA YAl BAEHA] w25 AL
carbamazepine, diclofenac, cimetidine®] 2z} 30~60 ng/g,
20~60 ng/g, 5~10 ng/gd] &= HYZ YeElGtia 2ist

REEER
ahsich

Table 3. Mass loads of pharmaceuticals in different unit processes of the STP. L: mass loads of pharmaceuticals in the liquid
phase, S: mass loads of pharmaceuticals in the solid phase, T: total mass loads of pharmaceuticals

Mass loads (g/d)

Pharmaceuticals Influent Primary effluent | Secondary effluent | Tertiary effluent | Activated sludge | Return sludge | Excess sludge

L S T | L S| T]|L S T | L S| T]|L S T | L S| T]|L S T

Acetaminophen 1156 | 1 |1157|1375| 1 |1376| 2 0 2 0 0 0 1 7 8 5 0 5 0 0 0
Acetylsalicylic acid 261 | 4 | 265 | 243 | 3 | 246 | 2 2 4 3 2 5 2 1108 | 110 | 6 |1201|1207| O 4 4
Caffeine 832 | 1 833|740 1 |741| 0 0 0 0 0 0 0 4 4 0 111|111 0 0 0
Carbamazepine 9 0 9 9 0 9 9 0 9 9 0 9 8 1 9 15 | 22 | 37 0 0 0
Cefradine 38 0 38 | 62 0 62 1 0 1 0 0 0 0 22 | 22 1 0 1 0 0 0
Cimetidine 117 0 117 | 129 | 0 | 129 | 85 0 8 | 80 | 0 80 | 54 | 31 | 85 | 296 | 256 | 552 | 2 1 3
Ciprofloxacin 2 0 2 2 0 2 1 0 1 1 0 1 2 11 | 13 5 91 | 96 0 0 0
Diclofenac 2 0 2 3 0 3 12 0 12 | 12 0 12 | 15 | 13 | 28 | 34 | 151 | 185 | O 1 1
Gemfibrozil 1 0 1 1 0 1 0 0 0 0 0 0 0 1 1 1 11 | 12 0 0 0
Topromide 42 0 | 42 | 3 0 35 | 15 0 15 | 15 0 15| 1 0 11 132 | 23 | 55 0 0 0
Ketoprofen 15 0 15 | 15 0 15 4 0 4 4 0 4 3 3 6 3 2 5 0 0 0
Naproxen 103 0 [ 103 | 111 0 | 111 ] 1 0 1 1 0 1 1 1 2 3 1619 |0 0 0
Ofloxacin 6 0 6 6 0 6 4 0 4 2 0 2 3 | 162|165 | 7 | 273|280 | 0 1 1
Sulfamethoxazole 6 0 6 7 0 7 3 0 3 3 0 3 3 3 6 5 20 | 25 0 0 0
Trimethoprim 2 0 2 2 0 2 2 0 2 2 0 2 1 0 1 2 0 2 0 0 0
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Table 4. Residual proportion of mass loads of pharmaceuticals
in different unit processes of the STP

Residual proportion (%)

Pharmaceuticals Primary Secondary Tertiary
treatment treatment treatment
Acetaminophen 119 0 0
Acetylsalicylic acid 93 1 2
Caffeine 89 0 0
Carbamazepine 105 101 101
Cefradine 164 2 1
Cimetidine 111 73 68
Ciprofloxacin 102 61 75
Diclofenac 120 546 557
Gemfibrozil 136 43 45
Iopromide 83 36 36
Ketoprofen 100 25 27
Naproxen 108 1 1
Ofloxacin 105 62 29
Sulfamethoxazole 111 52 55
Trimethoprim 103 134 130
3.2.1 1x} &2| (Primary treatment)

155 B AU FUS B FABE 2598
Aool, 1A a5 B AL 2745 gz U
Stk 34 ol ol I an ot
2 EAYUR 83~164%2] MR HF Zo] A eyt

o, AAA o R H 6%7F ST 1A A A9
A 5120 olxl BAS ZFoll 4 cefradine38 g/d—62
g/d)o] 64%= 71 =3k o, acetaminophen(1,157 g/d
—1,376 g/d)©] 19%, naproxen(103 g/d—111 g/d)o] 8%
=ol& Ao 2 YEelytth Carballa et al. (2004)= 45
gol Zet £4 9 A9 AR A &R g2
Eo] AAREC] FFEHHL sHGloH, A A+
ZA1}o]| A &= acetaminophen, naproxen, carbamazepine 5
dF =459 FolFS FdaEoh AR, 13-
A 5 12 AYE T fEFolA tha mokAl=
A2 YEMJATE (Ashfaq et al, 2017; Gao et al.,
2012). Diclofenac, gemfibrozil, sulfamethoxazole 5 4

B BAE RURRL AR fEROIA 1-36%
of Wy ool FISROL, #UF atol

=4 7] 2ol AAor M Fol ZA ey
t}. dHbHo| caffeine(833 g/d—741 g/d), acetylsalicylic

acid(265 g/d—246 g/d), iopromide(2 g/d—35 g/d)= 9]
Tl IHRA fERold Halgo] Tadte B
7~17%2] M2 A|A =2, ciprofloxacin, ketoprofen,
ysjere] Wsp)

ofloxacin, trimethoprim 52| E2&5&

719] gle A= YeEbdT

3.2.2 2x} X2| (Secondary treatment)

IR 2504 2,745 gdAE & Fobge 2
AQAX §ESolH 143 gd= pehde.
acetaminophen(1,376 g/d—2 g/d), caffeine(741 g/d—0
g/d), acetylsalicylic acid(246 g/d—4 g/d), naproxen(111
g/d—1 g/d), cefradine(62 g/d—1 g/d)2 22} - AR &
oAl Ralefo]l Ads] Hdaskith ols &dE59
A% ol ol o] 20 WA S Nl
98~100%4 HolZ 7hAasls 5 A203 WS 74 2] A

240 F2 AAE Ao Z et Gao et (2016)

sk A 2 Ao A 952 T —4"4:%@ o
3?*# ZAFSFAIL  IARRAR] FE5ollA 4,973 g/d
d T 5ol A205 oA APlE % 403 gid=
43tcha shglom, 1 % caffeine 1A HA] 42

Foll Al 3,684 g/dlEl Folwro] 22 WA f-Eoll Al
2 gd2 Foj5o] AAE o] W2 Aoz YEyth
o2 dolhE A OR AR Ao &
2= oh=ZX9F A20 39, MBR #4, biological nutrient
M55 28] Hol| A acetaminophen,
caffeine, naproxen £2] EZE0] A|AHGL0] =1
B 315} v} @t} (Behera et al., 2011; Park et al., 2017).

AA AGet EEEC) Hst] At Aes AA=
OFQF O 1} cimetidine(129 g/d—85 g/d), iopromide(35 g/d
—15 g/d), ketoprofen(15 g/d—4 g/d)= 2X}- AR GZE
oM Ralero] 7haslis 5 AESHA T 27-75%
A A= ik Ciproﬂoxacin ofloxacin, sulfamethoxazole

5 RAAE 13} A7) T EE Saieo] 10 gd nlgke
2 SAE gstort AEsAE AZ WA 40-50%
o AAEES etk whEol
trimethoprim, diclofenac 5 €5 EZE2 1A AXR] &
B4 alapol] jsl) 28AA $4 Hslao] FUsH
At ==, 53] diclofenac®] FalF2 12414
$E%olA] 3gdg ot 22 A B0l 12 gdz
AstAl F7FskAth ol9F FAFSHAl Ashfaq et al.
(2017)2] ATLo)l Al diclofenac(l g/d—3 g/d)o] 22} A 2]
of oJsf Fahko] S71F e H, trimethoprim®] F-5}wk

=3

4 oy 3R qo r{o

removal ¥+ =

carbamazepine,

014
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ESF 1A A A FE=FolA =

Al WeEb T

3.2.3 3x} X2| (Tertiary treatment)

21 §E50I4 143 gdAE 3 %ﬂ—é}%ﬁ% 3
A Aelel FAAAAE AR F PRlA 1
g/d= VEPgTh 23 A R fEol|l A Falo] ’%}EH
2o 2 =34 cimetidine(85 g/d—80 g/d), iopromide(15
g/d—15 g/d), diclofenac(12 g/d—12 g/d), carbamazepine
9 gd—9 gdy5o) BASE 2R §E4 ot
3} R4 Eslke vES w2 Aol7t gigich o
@} op7FR| 2 ketoprofen, naproxen, sulfamethoxazole,
cefradine & 22} AA] S-Zrol|A] F3leFo] &=x] o
o BA% 33 AY AT FoFS AL SUsH
et

23} A2 %
7] 93 B o7 2 AL
sojopR o] Akt 2
(Alexander et al., 2012), <&} A4 (log Kow)
7h 4 o)l EEAES #*éol ol AAREo] &

=

rr
o
)
>,

2.5

=

7] wjgol AR WA} olgich Hls 248
824 Halgko] 4 gdi2 =X 9o} ofloxacin®)
REle 33k A2 F 2 gd2 2R AA) FEo] v
stof 28} 7h7ko] sk 5 FUA YA A A
Al A =] et

3.3 M=EsM x2S HoMe| MAH EM

Chapter 3.29] A* ZAuE Ed) s} 2] Ao A
WRrEAE 23 Hel(WEY M2l Bl o

Mg A AARE A FAY 5 Atk AR
ARl Aolet el A S ek A
s olasty] ¢isl BasAE BAstgon, 4%
o BAS Hotel AR L 2 T d
A7 Aok oW A7 SAo] SAISHA Agsta o)

A& Fig. 5 e ek
O ERE ERERI T
acetammophen, acetylsalicylic acid= 99% oJAFQ] =& 11]74
882 EAth caffeine} acetaminophen &2 A] S|
ogt AAZF 0.1% n|Rte R v|u|sk, acetylsahcyhc
acidte 18%xto] Zel7) Bako] ola) AARE 5 ol

=9k caffeine,

AEltt B 3%k v Qlth (Matamoros and  Salvado, 2R o] AAo= AES7} 27 7)ojels Aoz
2013). 2L} TJAFER Z 90517 log Koy 7} 4 |4} ghte}. ole} 248 RA EAL cefradined} naproxeno]
o) gl 49 PHHAA §E5 Vool B A velsred] £ 238 Auael S AAE Lol
O Biodegradation W Sorption 0O Discharge
100 -
75 -
-
—_ 50 _—
&
;I_’n 25 —
i _
g 25 a
= s
475
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2 5 2 5 0z 5 = g = = = g £ 2
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Fig. 5. Contributions of biodegradation and sorption to the removal of pharmaceuticals in the A20 process. B: biodegradation;

S: sorption; N: not removed.

dotrEstg|A] A33H A5 20194 10€



99% oo = EA UEHTE A205 oA E84A
£ B A% Ashfaq et al. (2017)9] dFof|A] caffeine}
acetaminophen->- Y3 o]l 2Jsf] A2} 2HAF] A A= o]
2 A5e] Aol FAFSHRAL, naproxen®] 79 AR
sfjoll oJsff AAE7= stHoH AATES & A+
o] AytEnt 10% A% A yEEth

Ketoprofen, iopromide, sulfamethoxazole-> A& &
o] Z¥z} 75%, 56%, 52%oH, 1 F Al &l
ost A A7F 0.1%, 0.5%, 1.7%= YEL} F2 AJEHE
x4 Aol s AAEE A & = U
Park et al. (2017)2 A20-3HoA ER-ALXE EA O]—
2L ketoprofeni} sulfamethoxazole®] A|A & -&90] 60%
oju| thFio] Hisfol os) AAFCkAL Xk Bf
nem, o= & A+ Autet FARE Ak UE
il GemfibrozilS A20FH oA 62%7F A A= S L
), ag/do] ek S8 &3 RE (log Koy = 4.8)
6.4%7F Z2ell o8 AA= ) Ciprofloxacint
ofloxacin®] A|AZE&L 40%= UEG=4], 1 = 20%
oldol &Aoo F&E o] AAEHSUL F
gemfibrozil = T2 7| log Ko7} 2ol 2442
AT = olo] RS 2T slo] 4714
Zo = wdETt (Golet et

=
3

ok

& %o

2
[e]
Rl

=0

o= Qs F2HMIo] =2
al., 2003).
Carbamazepine-2 A20-3Ho| A 4%Tto] AA & %o
™, trimethoprim, diclofenace AEHIEZE §UE =
FolFEY fE5e Foldo]l oA+ & negative
g AATES ‘%E‘rlﬂ AUTE 2 AFoA o Ao}
A carbamazepine, diclofenac, trimethoprim 5-9] &
AE5E A7 A=A A5 ollA negativedt A7
82 2¥9E=1 (Guerra et al, 2014; Ashfaq et al.,
2017; Wang et al, 2018), 11 2o 2= CjALA
(Metabolites) <2 =314 (Conjugate forms)7} A-=35}H2]
o2 Au e oA HHo FEE AHHF s}
MRl Bwsl olxy] wRoleln werdth
(Verlicchi et al., 2012). A3) HALof| A grab 4= HF-A]
S 2 9%t H= 2] HE (Rodayan et al.,, 2014), 114}
B2ty ERE9] %_"7—\} (Salgado et al., 2012) 5-°] A|A
FES negativedt A THE ¢ Qe Yo =R HIISHY
o}, B Ao 7 k2o A composite O 2
A8 sto] AT A ARE BT BAe%) U
£ofl o5 Y5 WA 4 otk BT AR

3G0A megHor AALHA e 2ES] o

i)

sto] APy Al thAbE o] AYEE EHY AsS
Bistel o1 ek Qs oS Wagel
ESH MBR 34, sequencing batch reactor(SBR) 3%
media B 5 A 544 Hol gl 48Ol
Sl A2 BHSel oE 24 @ LI HRT, SR,
MLSS(Mlxed liquor suspended solids) = 5 AJEHE

29| thoFet 97 20| HE AARLE sotst
S o] Baskel oot B} oF, Ao, B
5 3% Ao e A A5 ek 7z o)
SHEALAN AFGFEAE BRHOT AAD
S ool W AAT S UL AOE Halt
4.8 E
 dRede 1559l dRolohpas faon

S A el S Sl 1224608 nglLel
™ acetaminophen>caffeine>acetylsalicylic ~acid>cimetidine
o2 YERA, WRa sk He= LOQ-1,704
ng/Lo]™ cimetidine>iopromide>diclofenac>carbamazepine
o2 ¥ AFEAT 2 AN ARl
2lo] Halehe AR A §% 2,598 g/d, 1317
AA FE5 2,745 gd, 22 AA] &5 143 gd, W
R 134 gd2 Uehdh slede R w2
FOoFR AL IHANE AXBA Rkl 6% F
etaon, 22 Az E AR A 95% ol A
Jiope] BERSo] MESA A ZA oA 7}t

=% =a= S=E=H T

d S AARSS Hioh o] FAAHAIES

FolorEd el AA & IS vIAA LUk
A=t AHFA oA acetaminophen, caffeine,

acetylsalicylic acid, cefradine, naproxen< 99% ©]A}2]
=& AARES Bt 2 A&l Qs AA
Z itk HbHo| gemfibrozil, ofloxacin, ciprofloxacin2
AATEO] = okoFoL) 487 Sxbol| o3t H]
o] =A yethth e AelgAolA o
AZISHEd slel A Aol i §2o
ng% %Z‘e“’ﬂ w2} o= UrE}

w8 e AolorEde
q
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