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Abstract

In recent years, environmental pollution by pharmaceuticals and personal care products (PPCPs) in the aquat-
ic environment is of great concern worldwide. Recent studies have been reported to occur in a variety of
environmental organisms such as surface, drinking and ground water, soils, sediments and hospitals. The pur-
pose of this study was to evaluate the occurrence and environmental behavior of fourteen human PPCPs in
surface waters of Mankyung River in South Korea. We were conducted to field survey for water quality and
PPCPs analysis at November, 2006. PPCPs were analyzed by liquid chromatograph coupled with a tandem
mass spectrometer (HPLC-MS/MS). The concentration of COD was measured to be 2.37~19.71 mg/L, which
was belong to 4~5 grade in water quality criteria of lake. Station 2 that there is no pollution in upper stream,
was appeared to lower concentration. The concentration of TN and TP, that is cause matter of eutrophication,
were found to be 7.78~35.42 mg/L and 0.08~0.95 mg/L, respectively, which were exceeding 5 grade in
Lake water quality criteria. The 11 kind of PPCPs compounds except levofloxacin and triclosan were detected
to Mankyung river. PPCPs concentrations of STP(Sewer Treatment Plant) effluents and aquatic environment
in Mankyung river have been detected in the range from dozens of ng/L to hundreds of pg/L. that by order
of atenolol, carbamazepine, propranolol, Ibuprofen, erythromycin, ifenprodil, clarithromycin, mefenamic acid,
fluconazole, indomethacin, disopyramide. PPCPs concentration of Station 1 and 5, which was influenced by
Jeonju STP and Wanju STP, was detected high values. Station 2 that there is no pollution, showed lower
values. Station 3 which joined Gosan stream and Jeonju stream and station 4 which influenced by stock waste-
water was detected to low values.
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Fig. 1. Map of the sampling location in study area.
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Fig. 2. Three classification groups of PPCPs.
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o]4¢] 8 PPCPsE AU FEAZ Ao

OF 3 BYoA AEFo] B2 3

3E 3olME GEAA A7 Be] BliEE 52
7 Hol A Abg o] Be Z2AE HeYArt ¥
A, dBY A 2 g4 9efFo] Bo] BuiHE &

A, Z 37k 10094 o] AHEE ES AE
st 22m Azl AMEEE ookELe Wdvl
t} A}gFo] thE 7] WBol, Arizonos} Takao'V7}
IEH =55 FxU

a2 A3, 3§ 39 A=9% PPCPso. 2+ 37HEA|
1 carbamazepine, & F4|2) fluconazole, TYEZ
A9 clarithromycin, 3433 A< levofloxacin, 47

PEC/PNEC

0.00001 0.0001 0.001 0.01 0.1 1

Atenolol
Mefenamic acid
Indomethacin
Ifenprodil
Propranolol
Erythromycin

Disopyramide

Clarithromycin

Fig. 3. Hazard quotients of each test PPCPs'.
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252 JIEAE AH7|d FAAAM iz We
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1Yol 57} AR EF5E Aehel 24 23t

Z Table 30 JEFNQTH &L 27.0~300Ce] &
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2 Rar AHEE XA 194 1939 mglLE 34
FARANZE SEFoIAL, A 201 E 237 mglL
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Table 1. HPLC condition for PPCPs analysis

FZ o)A AR 13 AFPPCPs)e] FH 249

A& 8.85 mgLE 45FL et dAukdoz

DA A 28 AT BE AN 3452
BANEXNY 4~55F & Ueho] AFAle &
e, TAES 2 oAA g 2AH S S GO

2 29xsl HEEHY A5S F RAFa Qo
f227A40 ¥EWHE 1.19~16.28 mgLE
Ul R AdzE A 144 14.08 mg/L, A4
200 1.19 mg/L, A 34AE 441 mglL, AA
49 M= 16.28 mg/L, XA SAAME 4.89 mg/LE 1}
E}‘;&E}. A 28 AT 2E NFAAN TEI &
A&5 9t ol AFA] steZubx ] A
E'./'~ Agg—g} U‘ Q])\U\]_J A]—j]]—,—_,] Oﬂb‘ho]a}
I AIREY. FAE A7 A RAdEsE e 4dE
A9 shEN 34 2 T 59 HHyg £G4 F
g kst o3 2F So] 2718 923t} Table 2
o Vel o} o] T-Ne| FEEEE 7.78~3542
mg/LE AZHAT AFEE AF 104 31.90
mg/L, A 201 M= 7.78 mg/L, XA 3o A& 13.30
mg/L, A4 409 A= 3542 mg/lL, A 594 16.70
mg/Li velygth ¢33 58 ZE AHN &
FHABANEAR] sTEFLE UEuT. 94

Item Condition
Instrument Waters Aliance 2695
Column Water Sun Fire™ C18 (2.1x50 mm, 3.5 pm) 30C
A Al 0.2 mM Acetic acid/Ammonium acetate in water
Mobile Phase A2 0.1 % Formic acid in water

B MeOH

Flow Rate 0.2 mL/min

Injection volume 3l

Table 2. Detector(MS/MS) condition for PPCPs analysis

Item Condition
Instrument Micromass Quattro micro tandem mass spectrometer
Ionization ESI+ / ESI-
Capillary Voltage 3.0 kV
Source Temperature 120C
Desolvation Temperature 350C
MS Nevlaser gas N
Desolvation Gas 350 lhr
Cone Gas 50 Vhr
MS/MS Collision gas Ar at 4.5x10° mbar
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Table 3. Analytical results of water quality parameters and values from surface waters

Parameter St.1 St.2 St.3 St.4 St.5
Temp. (C) 279 27.0 27.4 27.2 30.0
pH 7.21 7.17 7.04 7.06 7.38

DO (mg/L) 5.63 748 7.36 3.07 7.29
COD (mg/L) 19.39 237 7.75 19.71 8.85
TSS (mg/L) 112 10.8 14.0 484 34.0
VSS (mg/L) 10.0 10.4 11.2 23.6 15.6
Chl-a (mg/m’) 14.89 591 17.00 50.33 30.78
NH,*-N (mg/L) 12.86 0.12 2.99 15.70 3.88
NO;-N (mg/L) 0.19 0.14 0.02 ND" 0.21
NO;-N (mg/L) 1.03 0.93 1.40 0.57 0.80
T-N (mg/L) 31.90 7.78 13.30 3542 16.70
PO -P (mg/L) 0.19 0.04 0.05 0.47 0.19
T-P (mg/L) 0.25 0.08 0.18 0.98 0.25

UND: Not detectable.

Aot A 2R AFALEA, FHAAY] B
7 2 AgulgFe] F712 Qs RS &
gol A A Yok FA7F st ) &
ZAA G wAZE 59 T-P #2EEE 0.08~
098 mg/LZ A&HYTh AAHEZ A 194 025
mg/L, A7 20| A& 0.08 mg/L, AH 3= 0.18
mg/L, X7 4ol A= 0.98 mg/L, A3 594 = 0.25
mg/LE Vel A 28 AL BE AHNA
325484 VE 5559 0.15 mg/LE 4 2%
T ¥EE FAEHAUT

3.2. PPCPs Zt®

A RS g e g 3 PPCPs 4 A3E Table
4] e YT ZALE §A 59 PPCPs= atenolol,
carbamazepine, propranolol, Ibuprofen, erythromycin,
ifenprodil, clarithromycin, mefenamic acid, flucona-
zole, indomethacin, disopyramide $¢] €M =Z
ng/L~<4 ng/Le] F=HAZ HEHU

sl A GRAEAQ ibuprofen, mefenamic acid, in-
domethacing %, g 2 5F B4 & A%
AENE Yehlle SEZA, HIZH RO 24 TRF
9FE-(NSAIDs, non-sterodial anti-inflammatory drug)
olgtnx Rart?. B A7 QA ibuprofens] &
EEIXE ND~106.2 ng/LE A& 5331, mefenamic
aicd= ND~53.2 ng/LE 7A&5 %21 indomethacin
& ND~6.9 ng/Le} W& ASHJU) ojgote]
&} M= ibuprofeno] 174 ngLE AEHPom'?,

Folole st ol A= LOQ (limit of quantification)
~1152 ngL2 AEHADG”. 8 472G ¢A
Z aEe dagRAFTAN 3 .Gl JYHEHG
A g}, 18] 51, mefenamic acide G A] <50
~366 ngLe) ¥EE AZHQoH), QRN E
157 ng/LZ =992 AEHAGY.

NSAIDsoll tigt 2t £ 9] HF-Hl= Fig 4.91 4
ERARATH AH ¥ B ibuprofen : mefenamic acid :
indomethacin®] B]&-& A A 1A 63% : 32% : 5%,

A 2014 A D
) ekth A A 30A] 76% :
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85% : 0% : 15%, A7 594 88% : 0% : 12%E v}e}
Wk R4 19 A ibuprofens= mefenamic acid ¥.t}
24 A% E& v& =2 Ve, indomethacini} H)
APE o o B H HES Bk o) A
FAANAM ALE-HE I GAEA] FolA ibupro-
feno] Abg-#Fo] Btk AZtdAc AH 13 24
27} FFHE AFE 32 ibuprofeny} 7+ HL Bl
2 e}y Y, mefenamic acidy= #3] 2 o g 9]
stod &0l HA @gton, indomethacin®] 73 $- %)
A 1A Bo 52 ¥&S Uelstth ol XH 13
AH 39 {9 QoA vlF oA FYPLE w2 v
&5 UeHdty A4dd. a28la A 43 A
SlM = SEAaAREAY Bl go] A Hl&E 7
&S BAT. 53], ibuprofens] Hl&o] F71¢S B
e, ol HFAlY AGsteo} A e
&g 2 kAl AEsSe Jgo g Q% &
Foz A7

A7ZE g 3 tdA 2 F2 AMREE carbamaze-
pince s5H g ¥ AN HEo] BuEo] g
=R e T e Bl P2 DS ) carbamazepine-&-
o T%E G AL BuHn”, £8AA o
oF 5o FHAE AEGY. B 2AAY w
A7l Al carbamazepine®] FEE ND~293.0
ng/LE AZHJT AFE AEsTe AY 1444
293.0 ng/L, A7 20 A= 8.9 ng/L,, XA 304 95.7
ng/L, X7 4o 21.6 ng/L, X7 59A] 103.8 ng/L
T HHR UERT B A7A9 w4 =
= A QoA carbamazepineo] AEH Y, 3] A
Ao BEelol d¥Foz A 1M M B
T2 AEHYY 9 st ME 342 ng/Lo
E Ws Aedag?
g} Xy ul-8-4] <1 propranolol, atenolol, disopyramide
< o= ddA] B-blockers & 1 FEH <} B2
LA E ZF B3l v M9y B F84 Bk
224 1Y, FAE A% 239 5o g4 A}
£, w3 7o) 4 9] propranolol?] ¥ EE ND~
267.5 ng/LE HAEHUT. I A A propra-
nolol7} <10~215 ng/L2 ZH&FH U . Atenolole]
AETEE ND~4972 ng/LE B 7oA Ag3F
PPCPs FollX 717 & =2 HAEHA 2
I, AFAY S B AH 194 g we F

off of X

2 FEHJG. ojge ol ol AE atenolol
7} 417 ngLE ZAZEo] RuEYPH? disopyramide
T AR SAMT AeEE AEHo], vF e gYol
Mol Fhog Aozt aga o] E49 A}
go 23] B2 A7 AlEH). Arizono9} Takao
7v s el el FUdgolA 785 ng/L, WFSrell A
298 ng/LLE ZH&EH U}

B-blockersol] Wit 2z E-A9] HA/ulE Fig. 5.9
UelAAc}. X898 &5 propranolol : atenolol : dis-
opyramide®] H]-&L XA 194 35% : 65% : 0%, A
A 39 24% : 76% : 0%, A 5HA] 36% : 64%
D 1%E e A 29 AR 4 M E ZEHA
gttt ZE X FoA atenolol®] H& HH&S U}
Bt o)l £ A7A A "FA01A] B-blockers
Foll A atenolol®] ARE-Fo] i AZHE YT

HEB AR AAQ Ienprodils BHEZ 59
A 14~385 ngL2 AEHUTh AFE sEige
AA 37 AAF 5904 A4 AEHAD. ol AFA
9o JgnThe vgede ggow A"

Fluconazole-2- 198539 A& g2 A/AH 3 AT
AEZA, A B2 AT ZEe N5AZ AHER
%9, 8 AFA Q) fluconazole®] EEE= ND~22.0
ngLE HEHUth A3 75 Wsle A4 194
22.0 ng/L, A3 294 ND, A} 394 15.9 ng/L, A
d 47 A sM e AEHA AT AFA A
gatgo} sty wiEgsE dgos XY 1
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Fig. 5. The proportion of propranolol, atenolol and dis-
opyramide for B-blockers.
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Table 4. Concentrations of selected compouds in surface waters

Compound St.1 St.2 St3 St4 St.5
Tbuprofen (ng/L) 106.2 ND" 36.2 29.2 59.9
Mefenamic acid (ng/L) 532 NDV ND" NDY NDY
Indomethacin (ng/L) 9.2 ND" 114 5.3 8.4
Carbamazepine (ng/L) 293.0 8.9 95.7 21.6 103.8
Propranolol (ng/L) 267.5 NDV 69.2 ND” 85.5
Atenolol( ng/L) 4972 NDY 219.7 NDV 151.2
Disopyramide (ng/L) ND" ND" ND" ND" 12
Ifenprodil (ng/L) 14 4.7 385 10.1 37.6
Fluconazole (ng/L) 22.0 NDY 159 ND" ND"
Erythromycin (ng/L) 151.7 NDV 28.7 ND" 35.3
Clarithromycin (ng/L) 36.5 ND" 15.4 NDV 10.0
Levofloxacin (ng/L) ND" ND" ND" ND" ND"
Triclosan (ng/L) ND" NDV NDY ND" ND"

UND:Not detectable (below the LOQ)
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