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Pharmaceuticals and personal care products (PPCPs) have been recognized as emerging contaminants in
freshwater. In recent years, a lot of monitoring studies have been carried out, and wastewater treatment plants
(WWTPs) were identified as a major source of PPCPs. As Ulsan is a metropolitan city and there are more than
four rivers and six WWTPs, we conducted the first PPCP monitoring study to investigate the level, pattern,
and geographical distribution of PPCPs in Ulsan. We collected 19 river water samples and analyzed 29 PPCPs
using an LC/MS/MS. Among the target compounds, 26 compounds were detected from the samples; Anti-
biotics, analgesic and antipyretics, and beta-blockers were dominant compounds. As lincomycin and atenolol
were frequently detected with the highest concentrations, they were listed as priority PPCPs in Ulsan. The high-
est total concentration of PPCPs was measured at a sampling site near the Eonyang WWTP, demonstrating that
the WWTP is an important source of PPCPs. However, the overall spatial distribution of PPCPs suggests that
non-point sources are also important in Ulsan.

Key words: PPCP, Lincomycin, River, Water pollution, Ulsan

1. M = oF 7he ooREA S Fojg7Fe] 80~90%7F A= ul
= 92

—
Wb, H4057h, 3 SOl ARGl CJeREd 0= U $AE A8 PPCPyL o] 44

o slem a3 A4

9 7j2142)-83F (Pharmaceuticals and Personal Care  Ao=2 WA= Q3RS olZ 7KK FHER] 2R 9D %

Products: PPCPs)] arAe)d W=, 3k, 34 717J =29 A9olle A 9ge E 5 Aokd
Sl AEH weEt ol uigk FAe] Frtstar Q) FAFE7HAM =
019 PPCPse A%, v1E, 55741 5ol ARgsle 7 2
EAES SHsE gol2AM A, AEHELRE S AXs] AAAsAY EAZ sk Ik a8
A, AAZAA L} 7he ooFEAS uEsl 5, AF U A SRR A A2EA] e A F
AE&F, ZF71AL 22 ANAeET BEE F B = HE S @ A B s e 2
FE AEES TIILY o83 B Folld A FGA7IEE vhede s EHh uhdd AYgkele

"To whom correspondence should be addressed.
Tel: 82-52-217-2811, Fax: 82-52-2809, E-mail: sdchoi@unist.ac.kr

olopgdol 4 Thae] 715
sk, ASAYAA, SIS, s g



S 8 sRdolke] clokEd Bl e E EEd

of
Y
=3
}4
Ir
ol

FrAAE Bl Ao RE

3 - A=A, A= S E B8 (89.4%)2 SEA
FE(754%)ys st el &-dlgrt Jds)
A A=A @l shdely B ABrE fdEE A
o2 B T3 71E A R WS
$71%(BOD, COD, SS, TN, TP 5) #55 Ezow
AR LFE L Jerz V& F£AHE FHoRE
PPCPs9} 7+e ml#kf7]|dE4d Aol A7t kb
s d WS & PPCPsE 12 S9)=lo] AH
AS wFAZ 7FsAdo] dom P saiz] Fakedl &
HAE TR e AT 79l PPCPy/l 523HE
o FEaLY 7ol Qs FH B, A8k, s
LAANA Aok A7 A PPCP 234l ol o
3 ATELS F2 F9 oA FHEHATEID el A
= A AP sRAolA 4@V, 37, Y
7, Q) s, s E, SAHelA 1659
SRR S AFdNOH,Y Hoe FAFRIE)
B Ay dezAls s Fasi Jop 4
SARFAANE H2ZQ011d 69) A f3leltA| o)
A sk H4E As] S AEEF 85,000
m*/d TRl SeA YRS Feden, 201297}
A 47,000 m*/2 gl ZsksrAle] gt 5,000 mY
A e FEerAYEE £ Aol 3t
20157H40E 100,000 m*/d 58] FaskrA g
AT AFo|th.® o3t AR ] A T
7V a#E uf, 24HEAA PPCP 2 90] A& 0
2 93ig Zlow Y uE B ApdMe &

{1

L

[¢]

Do
[
(=3
T

s 159
2R F92 31 PPCP w3 X23 ¥
£ detelaat gt olE B8 L99S FAs
s¥e dEds AAgste], PPCP At vibs
g 71zARE AFsiaa ot

2. 2 ¥ uy
2.1. A2zl

2010 6€ 449 F4 s 19 A-EISFE 7
N A4, slepd 7l AR, 1A I A, 47 2
N AR AEE A tHEFg. 1). AlEAHAA

B 3 A7E feM Aol wad goldh & A
gt Alse AH A5 AgdR eatsle] 35 M
kS 7)ele] pH 22 23 & 40

net 5
o ket

2.2. 2Mats MHE

PPCPsel sllgsle B2 vlg ofslezg, 71& &
A} Y Ast A RS aElsk] & 2983
A 10%, ABNELAA 65, LA 2%, 32
5 5%, WERA 3%, SEA 15, A 1%,
ZHA 18 )S BA3E0 R A tH(Table 1).

2.3. 717|184
A EZHE PPCPsE FE317] 918t HLB(Hydro-

5
\.,«s?'- 4@
[=
:\": - ‘\ Q 8
) 1 \ : ; @ “-§’
g :j?fi’{zj = N \, o { @e@l \] @ g \@
: \ ]
N I S
RO W O >
O f Qé‘
S G %, é
.s‘:a,w -
/"")
-

Fig. 1. Locations of sampling sites and main rivers in Ulsan, Korea.
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Table 1. Target compounds in this study

Types Compounds Types Compounds
Lincomycin Acetaminophen
Trimethoprim Mefenamic acid
Sulfathiazole Analgesic and Ibuprofen
Sulfamerazine antipyretic Diclofenac
o Sulfamethazine Naproxen
Antibiotic Sulfamonomethoxine Ketoprofen
Sulfachloropyridazine Atenolol
Sulfamethoxazole Beta-blocker Metoprolol
N-Acetyl sulfamethoxazole Propanolol
Sulfadimethoxine Estrone
Lipid regulator Clofibric acid 17p-Estradiol
Gemfibrozil 17a-Estradiol
Germicide Crotamiton Hormone Carbamazepine
Anti-seizure Carbamazepine 17a-Ethinylestradiol

Stimulant Caffeine

philic-Lipophilic Balance) 7FE&A| S A& A55%
A} X(SPE-DEX, Horizon technology 4790, USA)E
o]l &3IATth & Aol 35M #4i+e 7sle] A1E pH
£ 622 2d31, 0.1 pg/mL EDTA(Ethylenediamine
Tetra Acetic Acid) 400 uL¢} 10 pg/mL WHBEFE4
(Sulfathiazole-d,, Ibuprofen-*C,, 17p-estradiol-'*C,)
20 uLE FY3IAch 71ERA] (Oasis HLB 200 mg)©ll
MTBEMethyl Tertiary Butyl Ether), M+, SR/
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e MEeeE &g § w5l A A=A}
B /AR 7 (LCMS/MS, Agilent 6460 MSD,
USA)YE ol&-3te] A - A=sISlth. EA =29 o]
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_\

*pH 6 using 3.5M H,SO,
+0.1 yg/mL EDTA400 pL
* Internal standard (10 ug/mL)20 pL

m Oasis HLB 200 mg (Disk type)

Step Solvent Soak time  Dry time
Conditioning MTBE 2min 2min
Methanol 2 min 2 min
Water (pH 6) 2 min 2 min
Loading - -
Washing Water 0.5 min 0.5 min
Disk drying - 30 min
Eluting 10% methanol/MTBE (2 times) 2.5 min 1.5 min
Methanol (3 times) 2.5min 1.5 min

Concentration

«40°C,N, gas
« Final volume: 500 pL

LC/MS/MS

Fig. 2. Analytical method for PPCPs used in this study.
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Table 2. Levels of PPCPs in river waters collected in Ulsan, Korea (Unit: ng/L)

Types Compounds Mean Min Max Types Compounds Mean Min Max
LIN 317 13 2620 ACT 35 ND 112

TMP 13 ND 43 MFN 45 4 235

STH 1 ND 5 Analgesic & IBP 19 ND 112

SMR 3 ND 13 Anti-inflammatory  DCF 9 ND 107

SMZ 24 ND 280 NPX 26 ND 118

Antibiotic SMM 2 ND 8 KTP 3 ND 14
SCP > ND 13 Lipid regulator CFB ND 16

SMX 15 ND 53 GFB ND 18

SMX-Ac 6 ND 47 El ND 7

SDM 3 ND 7 B-E2 ND ND ND

ATN 229 ND 1900 Hormone a-E2 ND ND ND

Beta-blocker =~ MTP 5 ND 13 E3 5 ND 32
PRP 8 ND 37 EE2 ND ND ND

Stimulant CAF 81 ND 208 Germicide CTM 28 ND 146
Anti-seizure CBM 32 7 132

ND stands for not detected.

Lincomycin: LIN, Trimethoprim: TMP, Sulfathiazole: STH, Sulfamerazine: SMR, Sulfamethazine: SMZ, Sulfamonometh-
oxine: SMM, Sulfachloropyridazine: SCF, Sulfamethoxazole: SMX, N-Acetyl sulfamethoxazole: SMX-Ac, Sulfadimethoxine:
SDM, Acetaminophen: ACT, Mefenamic acid: MFN, Ibuprofen: IBE, Diclofenac: DCE Naproxen: NPX, Ketoprofen: KTP,
Clofibric acid: CFB, Gemfibrozil: GFB, Atenolol: ATN, Metoprolol: MTP, Propanolol: PRP, Estrone: E1, 173-Estradiol: B-
E2, 17a-Estradiol: a-E2, Estriol: E3, 17a-Ethinylestradiol: EE2, Crotamiton: CTM, Carbamazepine: CBM, Caffeine: CAF



162 s - AL - A

o, farlelale tjEAel GAAol, oEEge ¥
VA AMEEE olorrdEA Ful AAE 4
SIlel St oItk UF, LAY ojepE
A 2, SBY AR, AUEY 52 2]
4% DeUERS Addes A48 et ok
w3k FholA Bol AHSEI Y 20EA xray
A 5 FANY AZ FFsHel 2 lepEEd] et
oy

T

3.2. X2|H BE
47 Zgke] PPCP @RS Flotslr] 94,
ANEE F v EX=E FAEIGITHEg. 4). FAAY
-shrell WEo] JemzE =M 5
1el), sl5oli PPCP St 718 Aoz o)y
e Nzﬂir_— PPCP =%9] xg|&el 7k
1 ol it &A1Y ol 2 skAEd Sl
3H sk dietell fAlskL sleuw, &
Al PPCP 299l 4 F3FS mixl= skl
Foll A AsrA g W3), 3]okslrAiz]
4), AHYA G W)= o€}, slopd Ha
Eﬁﬁ}ﬂ T2 AA, A1 Y2 AL o1& sk-A
Fr STl e Ael=g PPCPs7F AL
HEd o= A= 111, AAZ et T2
Joll M= 2 AFolx 7HY 25=(6.6 ngl)E HE
. Rbde] slopt H4, Odija Y2 AHelM e F
H A3} visssAg 98] W FEE HIlong,
srAlel g WRSTE sl WA e
.3 FlotolME YR dAatEeE
2 XZF(H1, H5)IA PPCPs7 A5 =2 HEH
th HI A2 skeAeld el fAxlstes sl
P AT S A Z= AHelw, H5 AH2

b s
oH
” 5
O{N

o ]
3R
:L

Ty

UN%AE

l-r_V‘i_oN fo mx 2 o

XN o
3@ o
L

o
N
N, of
o,
i
ES

]

® pongcheonrive

1,000 ng/L.

WWTP

1.
2.0Onsan

3. Eonyang
4. Hoiya

5. Bangeojin
6. Yeochon

Yongyeon
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