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Analysis of pharmaceuticals and persona care products (PPCPs) in environment has been widely carried out
in advanced countries. Especially in the US, various authorities including the US Environmental Protection
Agency, the US Food and Drug Administration are identifying pharmaceuticals and their metabolites in envi-
ronment and developing a management method to control them. The Korean Government and other research
units also have initiated collecting water samples from national streams and trying to quantifying PPCP levels
in their environment. In order to accurately assess the toxicity and risk of PPCPs and their metabolites, a reli-
able analytica method to qualitatively and quantitatively measure them is essential. In this paper, current
extraction/quantification methods for PPCPs analysis were reviewed to give a guidance to other scientists and
engineers who start or even are undergoing PPCP related researches. In addition, survey studies on PPCPs in
environment performed in Korea and other countries were briefly summarized.
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=3 -E't" ] 1017‘1 OP—r TPL?_
FRo|th® A4 ook (Acidic drugs), A ‘4"}%
(Neutral pharmaceuticals), 34 (Antibiotics), 2. 2=
3} dxglo] 3 Z9A|(odinated X-ray contrast
media), o|~E &7 (Estrogens) 59 th¥a ¢JokEo]
iaiA thdek AlE AAEEI AR EC] oy A
Ao <JEiA M AvfEe] A JrkS 2 FollA
o321 PO EA v= 4 H S (The US En-
vironmental Protection Agency: USEPA)2] Method

16945 5 4 kD™ oje] el 2vfsle] A3 9
W Tl oJokgel tie ¥4 AL Vel
oFa}w Table 13} Zc}d

S0/Z oofZe| AIEXXE| WY
7 Fo] oEF TEES Ul A e
o ZA3ITt}. Table 2= o]23 mjdd] &A=

TFst T2 ofokgel tiaid AeE A8 WA W
HE SollA 3ol B ARIES] BXE YeRl
O“:}. TS ANEE A W] NS AV
ZZ(SPME; Solid Phase Micro Extraction), i
Z(LLE; Liquid-Liquid Extraction), 3|32 (SPE;
Solid Phase Extraction) @ On-line SPE 5¢] X
o] Wol AREE AL Jlow, E8jA] 9 4 /‘]Eg
doe s JNFZ(SLE; Solid-Liquid Extraction), 3.
28132 (ASE; Accelerated Solvent Extraction), &
£ 3-8 uf 32 (USE; Ultrasonic Solvent Extraction),
7}t el A+ 32 (PLE; Pressurized Liquid Extraction),
Y981 =& (MAE; Microwave Assisted Extrac-

tion) 5] AREE L Jet?

3

Table 2. Overseas PPCPs researches applied to the
sample pretreatment techniques in environmental

samples
A Wy 2 g Are A L
7€} A2 53 13.0%
PLE 6 1.5%
ASE 5 1.2%
MAE 2 0.5%
=4 3}(Derivatization) 74 18.1%
SPME 15 3.7%
SPE 214 52.5%
SLE 4 1.0%
574 7 % (Freeze-drying) 4 1.0%
LLE 27 6.6%
USE 4 1.0%
25 408 100.0%

Table 1. Summary of analytical methods for PPCPs in environmental samples

* A% NES AN
- EAAZEH 2 #As

*g]];'q])g- A8 AAE
= %3+ 7 E(Filtering)

24842 549 B 474 pH 23

* 2y -

F149E 88 %4 Bd 33

==

* 33Hg - /7180902 o8 55 B2

<l F= =
g A8 A7 £ A8 (mL) g S8TFAZH & AF& =F(mL)
Bl 1 ofs} 100mL ]/
SHYFZE 2Y o]s} F WmL ©]% A GFE oF 30% 20mL ©]%
IFREuFE F A7 ol 50mL ©]’¢ N = oF 4A 7+ 200mL ©]“¢
tEgEE F 20% 20mL ©] %
* A
- 718l Eu) ]’\"] 25 o] &gk HAFZ A
-l EEY & 8 EulE o] &e ARntEIHT A
- &3A 9] FF : modifie d silica gel, florisil, alumnia, carbon %

ES - s EE

Z(Rotary evaporation), ¥ % @& Z(Vacuum evaporation),

A 4% % (Dry purge with N,)

* 84 - IC, HPLC, LC-MS, LC-MS-MS, GC, GC-MS, GC-MS-MS
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3.2.1 NANF==(LLE; Liquid liquid extraction)
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Hom AP 1 Ay FEHAA she AL &
A #e] ek A7, BE =T
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3.2.3 I/452(SPE; Solid phase extraction)

N 2 7|A AEERE BAEES A FF
A (solid phase [(ad)sorbent])oll AEHH O 2 F2A]T|=
AERAe Bgoltt A E2NE 347t ofE R 4
EZN FATEe BAER 4o A3et AsHdA
g o= el B2 AFAEel oA o8E
At

SPE xEd== C189 ¥4 FXE, ol2udh
FHE, O3 2] So] Beol ARE Jlor, 1
% HLB(Hydrophilic-Lipophilic Balance) £31&2 31
T 2EE R o] FEHME £ Tt

=2)

=

slo] §71245S FEaed A48 5 Utk 5, §
349 5

oFE AE

AR AR FE 2N A V1
Aol F5Y = e FEL 7KL Qo) 2l
AAE 1) B 71 Bl AHEET sk,

324 714832 (ASE; Accelerated solvent ex-
traction)

A ARE) 1 FE W AT 5F 39 9

EAP YRl #%

<Y

s 1

=
3

pil

AR NRE 7ER 3 AR &, EY, waste, &
=] FolA ISk, 1A, f7194
Al, PCBs, AlZ2A] 5)& =& 882 2T 4 &
AsskE A dxE] Aulelth. a2, 94300 psi
ola}) slollA A2 Fe] f7|-8ulE ARESte] WA
AR T f71ES FE3e 75 Bl AeHy

(o))
P

325 AAm| #3=(SPME; Solid phase microex-
traction)

19901 7iurt 125 theke] Dr. Janusz Pawliszyn
go] Jiust SPMEW-2 7]1E2] ZAg] w2l Hls)
S o] 7delal AREEH] 412 o] Sl viE
20| YJejof] Fofutr] i {7|-8ulE ARSSHA] &
W] Aol A% 2 {718 v veS A
5

o}, Ak vhekdt fiber/l'23} sampling”7]&<] 3
of me} o] viEYA2RE st BHELS FE
sh= SPME®] 8- 7o) o]oj=| 3z itk

3.2.6 =4 3KDerivatization)

oJokE 7}9u]| hydroxyl’], carboxyl’] 59 &
zt= BEJES GCMS E= GCO/MSMS 42 st
A3NA F=Ast Aol Hasitt. fFrAsie e Al
g9 Al € AHFE Al Tl methylation, silyla-
tion, acetylation 5| 7198 P& AXA ==,
o] #YL &%, §EEAZE v f7] &A o5 ot
& 2434E =5 WA Aok fEAS AfeRe
BSA(N,O-Bis(trimethyl = silyl)acetamide, CAS#
10416-59-8), BSTFA(Bis(trimethylsilyl) trifluoroacet-
amide, CAS# : 25561-30-2), DMDCS(Dimethyldi-
chloro silane, CAS# : 75-78-5), HMDS (1,1,1,3,3,3-
Hexamethyldisilazane, CAS# : 999-97-3), MTBSTFA
(N-(tert-Butyldimethylsilyl)-Nmethyltrifluoroacetamide,
CAS# . 77377-52-7), TBDMCS(t-Butyl dimethyl-
chlorosilane, CAS# 18162-48-6), TFA(Txifluoro-
acetic acid, CAS# : 76-05-1), TMCS(Trimethylchloro-
silane, CAS# : 75-77-4), TMSI (Trimethyl silylimi-
dazole, CAS# : 18156-74-6) S| St}

N o
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PLE(Pressurized liquid extraction), USE(Ultraso-
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331 9ok F 24 7 9 g

A ookE 2 A Ao 2 AMEEE dE
Aol 7171 A3 HEZ7I(NMR; nuclear magne-
tic resonance spectroscopy)?} HZHEA71(MS; mass
spectrometer)o|™ ZFzhe] A3} who] A5 R kARl
E40] Atk? NMRe| 744+ =7 chemical shift %t
o] 9P} AojA uig- et HHARl Ao TFs
shu st ofsliA] o] AL Al8e] A9 4
371 oo, olge ¥ ALE FEs] flshe] J-
resolved experiment2} 2D NMR 7]'8-& o]&3ale] A
skEl NMRY| #3158 9 =g P71 AU, NMR
A9 AbsskE Fote] AR AY SEE sdAU,
microcoil probeE ©]&3t TUEE ¥l 59 =9
o] XY= o} MSHl HsiM= AA 3] F=3)t.
25 A AlE2 1HNMRS o]&&le] 24 Al ¥
2 G FEE e B peakdl 93] mFo =
EABRE EAUPY EEEC] THAA BEEA] K3t
FAL Aok v MSE 27t vl FobA v
Ao] 7Fssht =2 chromatography 7]W 3 1245
A EE ARo)7] i AdA FEyF Zeksla,
MS zHA12] AR 7)7]12t2 Qlste] #4] HlolE]
o] At Ak ©do] 9l

Chromatography 71'H-2 wijAlslal MSYHS: ©]&5
high-throughput©. 2 #243l= WH(DESI MS; de-
sorption electrospray ionization mass spectrometry)
T YR AF"A A=EI 9ot MALDI TOF
MSHH H2EA] k2 EQEC] 700l B e A
s8lo 7 ¢ldte] ZHe peako] £ peakoll &8l 7HHA|
At ion®] suppression®l= A7F Aol LOMS HE
£ GCMS2} 7ol chromatography$} <1A¥ MS7}H

F

v

2 oHr

ge) ARE T Ik
A1 Bslel S dolHe T Tx
o ARA OAAE TRk o] wie] AxjHow
PR WS mRse] AAE RPN 53}
o] $HsH= Zo] A

oMl EAISHE WA 34 BAT "est W 5

Fom o]E $]5te] high resolution mass spectro-

meter’} AME-E]22 Sl High resolution mass spec-
trometerE ©]&3lo] parents MWE =43t MS/
MS 7|HE& AHg3te] tAAS] fragmentsE Blald}ted]
AR E= Whgo] AEHT o} low resolution
mass spectrometer®] 7-¢- Z4€ A7 0.5 my/z9]
A eaE HRIThH dlo|Ewo]2el] EAjsh= B
< o FE A tig Fse) oJEiA] FdEA
o] wj-$- oJ¥t}. ulgbA high resolution mass spec-
trometerE o]83st] A& EAHFS ST T MY/
MS fragmentsZ ©]&3 HAHEA A|2"o] Q3F 3L
Atk A= Eo] MSY resolution®] 1ppm¥ 7%
o]ZZ el Ex}zFo] 100.0000001 =ZF L 99.9999
~100.0001¢] A@SA Aol vrerldl 2 H9le]
monoisotopic A4S 7HAAL e HoE{Ho] e
dd 3REF] = 10 ppm(99.999~100.001)° H]
A AZ3] ZAEA 71 25 FYsk=d vl$
83l w2 FT-ICR MS, Q-TOF MS, Orbitrap
MS 7+ high resolutiong T+ & JE FFEA
715 AH&shE A7t Bl o]FoA|3 ot High
resolution mass spectrometerS ©]&3a+ thAlA] #4]
< &3, ooy A7t avtedA] HEHoR
ARE-E]SL QUA] FalT

High resolution mass spectrometer’} EHEo] |
A &A% A small library AZte] JETHA
global metabolomic approachollX] 24 A o=
Hole peaks A" 9 Helsle] & Wele W

Atk LOMS®] 75, #2lste]= peaks FH-irshar

1=

Tegth EelE AR § dFe A7 A
Mol B, U= A7 45

Ja3t E7o] o] HAg 3mg olde] EHojof s}
HiEgog 9@l A7k prep LCEHE &5 E
TRk sk wAHe] Aok, Bg o] 22

o] 22 AlZitell E3tHo] SelEv 28=s
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© 2 global metabolomic approachES ThA| 473 3}e]
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332 AZHEA71e] A Tjrxﬁjr e

A7 E £ AFS S4ske 71712 1912
doll Thompsonoll 2Jall A AR 7|7} e 9]
T 22 50 T THEAA $EEITY 191830
electron impact ionizationZ} magnetic focusing 7]1&
©] Dempsterell oJal /WA=, 1948l Time-of-
flight 71&°] NEEANLH, 19539 quadrupole
analyzer’} 7ld=Rlch 196639 chemical ionizatio
(CD) 71&o] 7We=)ar, 197439] McLaffertyoll <]
%2 HPLC-MS coupling®] o]Fo%th. 197434
Comisarow2} Marshallell ¢]&] FTICR MS7} /i
o, Fenn} Tanaka, Karas, 22]3, Hillenkamp®ll
o)) 7RdkE ESI®} matrix-assisted laser desorption/
ionizationMMALDI7} Z#E47]9] $-8HHE Z=2H
Ql, Hefo|=, eslE, DNA, ¢, I8A o2 8%
AZ L A#E HZole AHASRToklA At
717 A2 jle F8% =77 =

A= 240 A58 4% o dste] vy
2= Z4sH, o] oy 7k o]&s} Wy s
A P4 "o}, 01231342 electron impact ionization

ED2] o5 549, oot 2t

M + e > M°"+2e”

AF 24710 fdE FAE LAYl frag-
mentation Hg& 7AH A5e] AAE Zhe ol 2

<Y

Arpie] el 109

U= UroAAAY e 59 AAE 2he ol
FAAEARE Ulo] ). o] Zhzte] o252 A o
7ate] Hlo we} Fej=il tAEstEo] ion detector
o] oJsiA AEE. o2& FHsE o=, WA}
E eE, Al = 22 X q=ze7t Ik o
714 e = 1.6x10" coulombe|t}. S Dalton(Da)
olv} AR HHS (amu; atomic mass unit)S AR
s}, A FAELl amut Dad 728 7|EHE
zr=th. lamu = 1Da = 1.665402x1027 kg + 0.59 ppm
ojt}.

dukx o g AR Aslshol M= o] 71K isotope2]
Aol A=Y, AR HellA = mono isotope
| F2 ARE, 2 58S FaRAr)e Bl
ols) 2e-Ert.

o

H

O

333 A=HEAY7] o3} Wy

mh‘%wﬂ FH2 209 B T3 71eE wA

< AxFalsk 71719] 7150] A=A B W
°§°ﬂ«1 8 Xlﬂ% T A =AU ook EA el
$-853 JE LC/MS GC/MSY] o] &shhie the
I Zom, o AgHfe =4 S4B Ak WY

o we} Fig. 134 o] pH®Th

O AAEE o231 (El Electron Impact Ioniza-
tion)

EI W&, Ao electron impact® Ez]HoH,
Dempsterol] ¢]a] 7<¢te] 7 Bleakney2} Nierol] 2sf
ANAR o= f7] dgFEAsiele] wol AR-Hh
o] o] s} WhHe JkgE| o] BAE e R AEst

ESI-2
(multiple charged)

ddle level polarity )

ESI-1 (single charged)

10° El and API are
= not applicable
.20
[
=
5 104 T
E
% APCI (low, m
= EI(volatile compounds)

103+

i
Non polar

Medium polar Polar

Fig. 1. Relationship between ionization method and analytes.
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™ 733t fragmentationS J o7t} wepA Exfoleo] M3l A S HEle|=o] Exla ik RE 4

& B = et /KR deEE AE W I wEA 4 5 ok ESI9 o3 e B

ol WEd e 258 ¥l 715skEo] o2 (nebulization) 28} -&viA| 7 (desolvation) 4, o]

o7 FA% sixAte o] BXEAY) 223t} 7t o] ZW(on evaporation) PO R QoFst 4= glom

& Zgs} AFE] Jdem(=h/mV) ol $5oluA] @ 2¢] ESI9| |23} & YERNSIT
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Fig. 3. Principle of generating proton hydrates under atmospheric pressure chemical ionization.



112 el - 9 -

pole®] 73-%- F A Ato]9] AlFo] 50% ©)’d 2=
o] Jow, FrHe] Hart EajE AR THh
3]s (resolution)S m/AmO. 2 Aojxm 7|4 AmS
F 93 m% Ame] A EJE W M e 7P
2k A7F ZJolE on)git}. Egk Bl F]39 E3)
T2 5 ¥amele Wkl A-™olAMe] full width=
AT}

M

¢

ko
r

@ Quadrupole mass analyzer

Quadrupole #4171 19503 t5-E] electron impact
ol 29z T AREENOH ofA® TP EalA AR
HI Y= AHEA7]7)olg. FZoll= ESIL APCI}
A AZE]o] Hol ARSE AL Utk A BSS §
vl el fFel HadsA ddE® FHE Folo]
quadrupole ¢te] F7F ¢to g Lojow &= oy
Lef71ar, oluf, o] vlE o]2o] WS ultA ®
th Z5S ugt o|HAE o9 olsARE T AN
o ol e AA =W, o] H71%4S quadru-
polecl] A& Aol oJa AAH ).

Quadrupole® ©]2¢] HAEZ quadrupole?] 4O =
oA 3= 54 7KL Aot quadrupole®] o]
& B g o8 FE £ o] o|kEY FIE
ol &It Uk

Quadrupole 471 “Q'2 7]&3t5H, triple
quadrupoledl] 4] RF quadrupole2 “QI"2 ¥ 33t}
ZE7t2E £9 quadrupole WRZ(Q2) E017F &5
AUAE WA Z vaL, 2 YRS FA=2

o ofN g

o] Aale] Hzjo]Lo] 7]H7(]3L, I FZHELS Q304

@ Ton trap mass analyzer

Ion trap 2#E47]E= tandem 23417171 quad-
rupole AOIE AX= Foo] HRE wje} oS &
g AW ske A 98 59 959 quadru-
pole Heloll Wsh= o] 2E el i, UAlE WEA
ZItk. Ion trap®] 7Pg #-8% H2 #lE o] A=H
ol 9] Eloln, Ee]¥ o] FE7k2ol 93 frag-
mentation ¥t} o #47] §lo]l= multi collision-
induced dissociation (MS2, MS3, .., MSn)S 713t
Al 3171 wiEell, 2ol ESILF MALDI o3} ®2]3}
Agste] chilld Fo] gle] @ol o]&= 3L gt}

® Double-Focusing Magnetic Sector mass analyzer

Magnetics ©]-8&3F FAollX = ol&50] 2713 ¢
3 A7 A& R Tk H), o|uf o] 252 o] &
T, A71e] A7), o] myz #holl dEshe AAEE
Zt= 98 28e 258 3 dvh AIES 26t
3L AE7N ERehe olRES HUE PO EN mass
spectrums Y=t} Magnetic analyzers AM-3}=t|
Al ee W Bales FES7] 8l electrostatic
analyzerES 235t double-sector type®E =
v 7} JfkEle] 9lom, o] electrostatic analyzer”}
kinetic energy filter2 2}8-3f] H&E7]o| =&sh= o]
2E9] kinetic energys w43l Fo2H Hiles

detector

Ion source QP-rods
N |
1] !
—— U+Vcos(wt)
q
-U-Vcos(wt)
L o /]

2r

r : radius of inscribed circle

* M/Z and operation parameters

M/Z=K

\%
r’w?

K:Constant

Varying V selects only specific m/z ions.
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Table 3. Environmental PPCPs related researches performed from 1997 to 2006 (Adapted from Nicholson, 2006) =
7 ¥R CRRE] e =T B4 SO .
1 |=4s =4 AOP 972 93t A& - 71k Carbamazepine, clofibric acid, diclofenac, sulfamethoxazole, ofloxacin, propranolol
2 | CLSA/GCMS AL, 25, 295 - 2|91 Galaxolide, Tonalide, Versalide, Celestolide, Traseolide, musk xylene, musk ketone, acetyl cedrene, amberonne
3 |CLSA/GCMS A A2 A8 - =71 | Various (Galaxolide, Tonalide, MK, MX, Versalide, Celestolide, Traseolide, acetyl cedrene, amberonne) monitored.
4 |CZE-ESLMS A@es SPE 2591 :gggg:l séé‘ﬁ???ﬂﬂiii‘jﬁ ﬁghﬁﬁgtﬁ?ﬁr t(fa;lt; g)epressants) (venlaflaxine, citalopram). Method developed for
5 |DOCAENAE =4 AR AE] A A8 - 71k Anti-tumour agents (5-fluorouracil, cytarabine, gemcitabine)
6 [DOCHEsIAY =4 AR 2] A AR - 71} Anti-neoplastics (vindesine, vincristine, vinblastine)
7 | ELISA, LC/ESI-MS B4 8K A7 24 A5 - 71k Tetracycline antibiotic
8 |ESI-MS, ESI-MS/MS AOP A7& 98t A& Continuous online 7€k Caffeine
9 |GC el Selx SPME (headspace) 71} Polycyclic musks
1 [ems web o = e e e I, Qo ces b st =
11 |GC/MS AEalg A A= SPME 2791 Naproxen, clofibric acid, bezafibrate
12 |GC/MS 4 SPME e )| Triclosan, metabolites
13 |GC/MS o ko = SPME 71ek Galaxolide (HHCB), Tonalide (AHTN)
14 | GC/MS FEIHNS 93 2A} AHF SPME 71ek Polycyclic musks oii
15 | GC/MS FEAE 98 2} AR SPME 71k Nitro musks ¥
16 |GC/MS = SPME =9 Polycyclic musks (HHCB, ADBI), nitromusks (Musk moskene, musk ketone, musk xylene) detected .
17 |GC/MS EEAE Ay SPME =9 Polycyclic musks (Galaxolide, Tonalide, Celestolide), a nitro musk (musk ketone) ool
18 |GC/MS A A AR SPME ygat= | Polycyclic musks (AHTN, HHCB) ?%
19 |GC/MS g WFEE s wy o SPME s 4] Polycyclic musks, a macrocyclic musk(ambrettolide) .
20 [GC/MS Agels 2ed =5 SPE n) - Synthetic musks i
21 | GC/MS Agels AYA 24 2 20 494 |SPE w2 Synthetic musks (HHCB, AHTN, AHMI, ATII, ADBI, MK, MX detected). Metabolites also detected 1'8
22 | GC/MS HAI7F 54 SPE )= Polycyclic musks (AHTN, HHCB, ATII, ADBI, AHMI, DPMI), nitro musks (musk xylene, musk ketone) O:L'
23 | GC/MS RS SPE =9 Anti-neoplastics ifosamide, cyclophosphamide o
24 [GC/MS EE5PRA AP AE SPE 7)€k Galaxolide, Tonalide o
25 [GC/MS Al A SPE 71k Parabens Ho
26 | GC/MS Agals A A E, HY &5 SPE =9 Ifosfamide (anti-neoplastic)
27 |GC/MS AEEE, 25, L9 SPE =) Insect repellent DEET
Various ph.qnnficeuticals mopitored. Bezaﬁbrz_ite, carbanwzgpine,Aclarithromycin, cloﬁbrip acid, diclofenac,
2 e s e 12 sy |imms B it 35 boneaimil 1 iametoxane, incbmin o
metoprolol, naproxen detected
29 [GC/MS A SPE Fulo} | Various pharmaceuticals
0 [acns A o A 1 [ e e o e S e e
31 [GC/MS AYFH F A SPE w)= Clofibric acid, ibuprofen, naproxen, triclosan, chloroxylenol, DEET
32 [GC/MS sl 2] &4 SPE 71}k Carbamazepine, clofibric acid, diclofenac
33 [GC/MS AES 2 AT A= SPE 71e} Clofibric acid, diclofenac, ibuprofen, ketoprofen, mefenamic acid, naproxen
34 |GC/MS H A T AZ@WETER) SPE $ ~Eg]o} | Polycyclic musks (AHTN, HHCB)
35 | GC/MS R SPE Y Polycyclic musks (Tonalide, Galaxolide)
36 |GC/MS A SPE =njjo} | Various PCPs
37 |GC/MS o A2 R, ' AR SPE EXOPN Polycyclic musks (HHCB, AHTN)
38 [GC/MS 5 SPE 29 UV filters (sunscreens). Most important in terms of quantities used were monitored




Table 3. Environmental PPCPs related researches performed from 1997 to 2006 (Adapted from Nicholson, 2006) (continued)

# | 84717 AR Ax=d A7 |8 A%E
. Sunscreens (methyl phenylpropionate, ethyl phenylpropionate, hydrocinnamic acid, benzophenone, octyl
He B oHx 2 ! h
39 |GOMS e w AT F SPE vl methoxycinnamate, oxybenzone, benzyl salicylate)
40 |GC/MS Agals 2] SPE, SPME 2#%] Polycyclic musks (Galaolide, Tonalide)
16 fragrance materials (benzyl acetate, methyl salicylate, methyldihydrojasmonate, terpineol, benzyl salicylate,
41 [GC/MS AEal5 2 A B SPE, ASE w2 isobornyl acetate, gmethylionone, p-t-bucinal, musk ketone, musk xylene, hexylcinnamaldehyde, hexyl salicylate,
OTNE, acetylcedrene, AHTN, HHCB) detected
42 | GC/MS He 2 SPE =9 Bezafibrate, clofibric acid, carbamazepine, diclofenac
43 |GC/MS AAA g AE SPE/G- A 3} 71} Diazepam, carbamazepine, ibuprofen, naproxen, diclofenac
44 | GC/MS Akl A A 5 SPE/-A| 3} 71e} Clofibric acid, ibuprofen, diclofenac
Antiseptics (chlorophene, biphenylol, 4-chloroxylenol, phenylsalicylate, tetrabromo-o-cresol), acetylsalicylic acid,
45 |GC/MS A, A e, 4 S8 SPE/-EA| 3} o] metabolites, 2,4,6-tribromophenol (flame retardant), naproxen. Method validated for a large number of other
pharmaceuticals
46 |GC/MS Ayl SPE, PLE ENOES Polycyclic musks HHCB, AHTN
47 |GCMS seAE 3 Ags SPE, SFC, =13k | W= Triclosan, potential metabolites
48 |GC/MS <=#A] SLE = Polycyclic musks (DPMI, ADBI, AHMI, ATII, AHTN, HHCB)
49 [GC/MS 3SR &8) AR SLE o= Synthetic musks (HHCB, AHTN)
e - o Samples analysed for polycyclic musks (HHCB,AHTN, ADBI, AHDI, ATII, DPMI, HHCB metabolite). Only AHTN,
50 |GCMS Agshr A A8 LLE 2912 HHCB, metabolite detected
51 |GC/MS B <8X LLE 229~ Polycyclic musks
52 |GC/MS A8 2 Bk LLE Tk Phenazone analgesics (antipyrine, propyphenazone, aminopyrine)
53 | GC/MS Ak A & 8] Als LLE 2=9gdll Triclosan
54 |GC/MS A7) W & ek U4 LLE n| = Caffeine
55 |GC/MS A4 2] A LLE N Polycyclic musks (Celestolide, Phantolide, Traseolide, Galaxolide, Tonalide)
56 |GC/MS gy 2E 13 A8 LLE Zﬂ;}]—‘:}/ﬁ Polycyclic musks, musk ketone, musk xylene. HHCB, AHTN main fragrances found
57 |GC/MS A &rE14 LLE 292~ Polycyclic musks, UV filters
58 |GC/MS RS e AYs4 A A8 |LLE 2 SLE =9 HHCB, AHTN as well as HHCB metabolite
59 |GC/MS EAE, A, B A8 e LLE ¥ f=Al3s} 71Ek Triclosan
60 [GC/MS a2 A &5 LLE §=x)38} n)=- Clofibric acid, salicylic acid (aspirin metabolite)
61 |GC/MS g 2 AESHEY AE LLE, ASE ek 11 synthetic musks (polycyclic, nitro)
62 |GC/MS AEEe 2E 555 on-line LLE o) Clofibric acid, ibuprofen, caffeine, carisoprodol, gemfibrozil, carbamazepine, fenofibrate, 17a-ethinylestradiol
63 |GCMS ﬁij—fﬁ Ael = AR, 29 AR, |11 =) Polycyclic musks
=
64 |GC/MS N E, AE, 28R LLE 71ek Polycyclic, nitro musks
e - s 9 2Ege |Salicyclic acid, ibuprofen, paracetamol, metronidazole, gemfibrozil, naproxen, methadone, ketoprofen, phenytoin,
65 |GOMS Ay A Am SPE/fR=A 8} 2o} carbamazepine, morphine methamphetamine
66 |GC/MS = A AA F SPE/-A| 3} i]iEE“o"i Gemfibrozil, naproxen, ibuprofen, metronidazole, carbamazepine, salicyclic acid, ketoprofen
S - o . 9 »Egel |Pharmaceuticals (salicylic acid, ibuprofen, paracetamol, gemfibrozil, naproxen, ketoprofen, phenytoin,
67 |GC/MS s TN WA, A W = | SPEREAISH Zlof carbamazepine)
68 | GC/MS 2|51 SPE/-=A| 3} =9 19 pharmaceuticals
69 |GC/MS o5 HA SPE/G-=A| 3} olgtzjo} | Pharmaceuticals
o - e . . e Pharmaceuticals determined were ibuprofen, diclofenac, clofibric acid, triclosan, caffeine, DEET, carbamazepine,
70 |GCMS R e B Sl i SPEAE=A 3 2] metoprolol, proranolol, paroxetine, sertraline, fluoxetine. All but fluoxetine detected
71 |GCMS 3¢ 2 7} 895 SPE/S-=A| 3} EXOEN Diclofenac
72 |GCMS ENES SPE/H=A|3H EC PN Clofibric acid
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Table 3. Environmental PPCPs related researches performed from 1997 to 2006 (Adapted from Nicholson, 2006) (continued)

# | 84717 s AN A7 | B4 C%E
73 |GC/MS A W 554 2 7} 495 SPE/S-=A| 3} 292 Triclosan, metabolite
74 |GCMS Ags 2e)g A8 S8R SPE/&-=A| 3} 29|~ Triclosan
75 |GC/MS A A2 AE SPE/-EA| 3} 29~ Acidic drugs (mefenamic acid, ibuprofen, ketoprofen, diclofenac, clofibric acid)
76 | GC/MS gl Ae WES SPE/EA| 3} = Ibuprofen, paracetamol, salbutamol, propranolol, mefenamic acid
77 |GCMS AR R SPE/-EA| 3} = Paracetamol, ibuprofen, propranolol, mefenamic acid, salbutamol
78 |GC/MS A 24 §&5 SPE/G- A 3} ;]_ji" At Naproxen, triclosan, clofibric acid. Other pharmaceuticals covered in analysis (chlorophene, fluoxetine, ibuprofen)
Caffeine, diclofenac, ibuprofen, ketoprofen, naproxen, fenoprofen, gemfibrozil removed over six months.
79 |GCMS 9 F5, A A SPE/G- A 3} o= Carbamazepine, primidone not removed after several years. Other pharmaceuticals (meclofenamic acid, tolfenamic
acid, clofibric acid, fenofibrate, pentoxifylline, fenopropen) not detected
80 [GC/MS gy 2e 3 =5 SPE/G- A 3} n) =+ NSAIDs (ibuprofen, naproxen, ketoprofen, mefenamic acid, diclofenac), caffeine, triclosan
81 [GC/MS A&es Ay 34 F SPE/-A| 3} )= NSAIDs (ibuprofen, naproxen, ketoprofen, mefenamic acid, diclofenac), caffeine, triclosan
82 [GC/MS HEEJA AA M 5 SPE/HT=A|3H 7)€k Pharmaceuticals
83 |GC/MS 2 §8 A} SPE/G- A 3} 71e} Carbamazepine, diclofenac, ibuprofen
84 | GC/MS AXNSHEAS) ve ZAF AR SPE/- A 3} 71} Carbamazepine, diazepam, fluoxetine, citalopram, ibuprofen, naproxen, diclofenac
_ . . Pharmaceuticals (clofibric acid, gemfibrozil, ibuprofen, fenoprofen, ketoprofen, naproxen, diclofenac, indomethacin,
] & =3 .
85 | GC/MS 24 LA ATE 3 AR SPE/E=AIS} 71et propyphenazone, carbamazepine)
Aspirin, clofibric acid, fenofibric acid, bezafibrate, gemfibrozil, ibuprofen, diclofenac, ketoprofen, fenoprofen,
86 |GC/MS Al A AE, 295, ALs | PRS- =A 3], =K ) indomethacin, naproxen, meclofenamic acid, tolfenamic acid investigated. All but fenoprofen, meclofenamic acid
detected
o - - o . Analgesics/anti-inflammatories (salicylic acid, gemfibrozil, diclofenac, ketoprofen, ibuprofen, indomethacin,
87 |GCMS AgalE, A ARE SPEHrI=Al3t, Aot naproxen, triclosan)
B ) . Acidic pharmaceuticals (salicylic acid, ibuprofen,gemfibrozil, naproxen, ketoprofen, diclofenac, indomethacin,
88 | GOMS A A 34 AR SPE/E=AIS}, ek fenofibrate, fenoprofen, clofibric acid), triclosan
89 |GC/MS 2 AR 9y SPE A3} =9 Clofibric acid
e - - . s - B-blockers (metoprolol, propranolol, timolol, bisoprolol, betaxolol, carazolol, nadolol), B-sympathomimetics
90 |GCMS g, A R, 4 fds SPEHT=AISt, = (bronchodilators) (terbutalin, fenoterol)
91 |Goms Ao R, v A8t =o) ::gg;zogloﬁbnc acid, ibuprofen, fenofibric acid, bezafibrate, diclofenac, ketoprofen, fenoprofen, indomethacin,
92 |GC/MS A ods SPE/-=4 3}, =9) Clofibric acid
e e =¢)/7a] | Clofibric acid (and metabolite), diclofenac,fenofibrate, gentisic acid, gemfibrozil, ibuprofen, ketoprofen, mefenamic
93 | GC/MS g, A5k SPE/=A| 3}, S acid, naproxen, phenazone, primidone, propyphenazone, N-methylphenacetin, salicylic acid
94 [GC/MS A%, Aske SPE/ A3} =9 Chlofibric acid, diclofenac, ibuprofen, propyphenazone, phenazone, N-methylphenacetin
95 |GC/MS olalexE] §54, A8, AEE SPE/fr=A8] =9 Clofibric acid
96 |GC/MS 28 WHES SPE/ A3, o] Clofibric acid, caffeine, DEET (N,N-diethly-3- toluamide)
97 [|GC/MS R S SPE/G- A 3} =9 Gemfibrozil, clofibric acid, diclofenac, ibuprofen, ketoprofen, indomethacin, fenoprofen
98 |GC/MS Agelg gpijﬂﬂ' olgt 5 Nk Acidic pharmaceuticals
99 [GC/MS R olews SPESEAS) MUt Parabens
= O 3] ==
100| GC/MS 2e1x) Ma)e W A -SLPEJF%"“ﬁ' PLE |1y HHCB, AHTN
101 | GC/MS A&, 24, 28X EPARAESTFZ Yk Polycyclic, nitro musks
' ' (SFE), ASE, LLE
102| GoMS o2, 52 oj 72 SPE P éJ)Vﬁlters (sunscreen)s. (ethylhexyl methoxycinnamate, octocrylene, 4-methylbenzylidene camphor, benzophenone-
103 | GC/MS 5, o9 oz} 292 UV filter (sunscreen) 4-methylbenzylidene camphor
104| GC/MS A HE, 295 4 FEA 3}, SPE p=t) Phenazones (phenazone, propyphenazone, dimethylaminophenazone), metabolites, carbamazepine
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Table 3. Environmental PPCPs related researches performed from 1997 to 2006 (Adapted from Nicholson, 2006) (continued)

# | 84717 s AN A7 | B4 C%E
105 | GC/MS Agslr A A8 ELISA, SPEM-=AI8E | 5Y Diclofenac
o Large volume . .
106 | GC/MS = sampling SPE =9 Carbamazepine, propyphenazone, caffeine detected
107| GC/MS X E SPME or SPEMEA3} | 5 Ibuprofen, paracetamol, phenazone, carbamazepine
108 | GC/MS nAE HESZ A B 71} Various
om o o e Aspirin Ibuprofen, Ketoprofen Naproxen, Paracetamol, Gemfibrozil Salbutanol, Clenbuterol Terbutalin, Diclofenac
109) GCMS A oA SPE/=AISH = Diazepam, Caffeine Carbamazepine, Amitryptiline, Imipramine Doxepine, Nordiazepam®®
110| GC/MS ANE SPME w2 Thuprofen Flufenamic,acid Naproxen, Mefenamic acid, Tolfenamic acid, Meclofenamic acid®”
111 | GCMS o SPE/r=A 3} LE Carbamazepine, Ibuprofen Diclofenac, Sulfamethoxazole™
112 | GC/MS s 9 w4 SPE/G- A 3} n) - Clofibric acid Ibuprofen, Salicylic acid, Gemfibrozil Naproxen, Ketoprofen Diclofenac™
113| GCMS ERANE] - 71} Estrone, 17B-estradiol, E3, Equilin*
114| GoMs e qeA AR LLE = lll/gtl(s)lr:: Detected wereCashmeran, Celestolide, Phantolide, Galaxolide, Tonalide, Traseolide, musk xylene, musk
115| GC/MS Hee] 7} 894 LLE EES DEET
6 ggﬁf)s Tcl;fq/g/ls\/}_sMS/MS e e o SPES=A3} (acids), At Caffeine, carbamazepine, cotinine, cyclophosphamide, fluoxetine, pentoxifylline, trimethoprim, bezafibrate, clofibric
(neutr;;ls) ST S HT SPE (neutrals) acid, gemfibrozil, diclofenac, fenoprofen, ketoprofen, ibuprofen, indomethacin, naproxen, atorvastatin
117| GC/MS or LC/MS/MS b ES LLE )= Tonalide, Galaxolide, benzophenone, oxybenzone tentatively identified
GC/MS(acidic drugs ? B-
blockers, fB-blockers (metoprolol, propranolol, bisoprolol, betaxolol, nadolol, carazolol, timolol,), brochodilators (fenoterol,
118 | bronchodilators)GC/MS Agslr, A7 BRE, S48 SPES-EX|35}; SPE; SPE | 5 terbutalin, salbutamol, clenbuterol), neutral drugs (diazepam, pentoxifylline, carbamazepine, ifosamide,
(neutral drugs). LC/MS/ cyclophosphamide, clofibrate, fenofibrate, etofibrate, phenazone, dimethylaminophenazone)
MS (specific drugs)
119 | GC/MS(acidic), LC/ESIMS | A &sl, &5 SPE/-A| 3} 259l Ibuprofen, naproxen (method validated for compounds determined as well as ketoprofen, tolfenamic acid, diclofenac)
GC/MS(acidic), LC/MS, - = SPE/r=A| 3Hacids), . .
120 LC/MSMS (neutal) ] W SPE(nautrals) Mk Various pharmaceuticals
GC/MS(acidic); GC/MS,
121|LC/MS (neutral, basic); | Z&aiS ¢+ A} 28 SPE/S-=A| 3} 71et Carbamazepine, diclofenac, clofibric acid, ofloxacin, sulfamethoxazole, propranolol
LC/uvV
122 | GC/MS(acidic); LC/MS/MS | A3 &sl5, 9.4 SPE/S-=A|3): SPE 2~9)dl Non-steroidal anti-inflammatories, lipid regulators, anti-epileptics, antibiotics, beta-blockers
GC/MS(acids); GC/MS W o . s Neutral, acidic pharmaceuticals. Method validated for paracetamol, caffeine, DEET, carbamazepine, oxazepam,
123 (neutrals) 3R ET A SPEAE=A Sk =< fluoxetine, metoprolol, propranolol, clofibric acid, bezafibrate, ibuprofen, diclofenac, triclosan.
GC/MS(acids); LC/MS/MS o - = SPE/fr =4 3Hadids), Carbamazepine, pentoxifylline, bezafibrate, clofibric acid, gemfibrozil, diclofenac, fenoprofen, ketoprofen, ibuprofen,
124 (neutrals) Agshr, A2 BT SPE(neutrals) ek phenazone, naproxen. Others included in analysis
GC/MS(acids); LC/MS/MS | I s SPE/+EA| 3} (acids), , . . . . . . . .
125 (neutrals) )%, A A B, X5 A5 SPE (neutrals) 9 »Eglo} | Bezafibrate, carbamazepine, diazepam, diclofenac, ibuprofen, iopromide, roxithromycin, sulfaimethoxazole
GC/MS(acids); LOMSMS | o . SPE/=A 3H(acids), e . - -
126 (neutrals) A el SPE (nautrdls) $ »~Eg]o} | Carbamazepine, diclofenac, ibuprofen, bezafibrate
127 &g&éﬁic;gs);LC/ESl-MS/ Pk SPE/G- A 3} 71€} Ibuprofen, naproxen, diclofenac, gemfibrozil, carbamazepine, atenolol, metoprolol, trimethoprim
128 I(\}/[(é/(l;/iiSd(:)eutrals); GC/ A7 = A8, 0dF SPE/-A| 3} )= Gemfibrozil, ibuprofen, naproxen, ketoprofen, carbamazepine, metabolites
129 &CS)/(I;/iiSé:)eutrals); GC/ el A AR, F 495 SPE; SPE/-=A3H 292 Neutral, acidic pharmaceuticals (cabamazepine, ibuprofen, diclofenac, ketoprofen, naproxen, clofibric acid)
130 | GC/MS(water); GC/MS el 2] 34 9 A8 LLE, SLE =9 Triclosan
131| GC/MS, GC/MS/MS 4 SLE o) Polycyclic, nitro musk fragrances
132 GCMS, LC/diode array; 4 2y 344 &89A LLE 291~ UV filters 3-(4-methylbenzylidene) camphor, octyl methoxycinnamate, octocrylene, octyltriazone)

LC/MS/MS
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Table 3. Environmental PPCPs related researches performed from 1997 to 2006 (Adapted from Nicholson, 2006) (continued) =
# [ 28] INE FEEL T[4 9% >
15 s, LCASAIS o il 5 Sopein | [su [ e oy Sobiem T e e Ao nobie )
134| GC/MS, LC/MS/MS Agels 2e] ZAE A8 SPE; SPE/+=413}SPE | 223121 Carbamazepine, diazepam, diclofenac, ibuprofen, naproxen, roxithromycin, sulfamethoxazole, iopromide
135| GC/MS, LC/UV o]okEe] 9% &4 SPE =9 Phenazone drugs (phenazone, propyphenazone, dimethylaminophenazone, metabolites)
136 | GC/MS,LC/ESIMS/MS Rl SPE/-T=A| 3 ST Various including carbamazepine, ibuprofen, sulfamethoxazole, roxithromycin, diazepam, iopromide
137| GC/MS,LC/MS/MS 28 WHES SPE/- A 3} TP Carbamazepine, clofibric acid, diclofenac, ofloxacin, propranolol, sulfamethoxazole
s, PREy—— spie )|, e SVl e o sl G (s 0 e
139| GC/MS/MS Z8)7], A2 A8 o Ko B VIR, [ S 19| Triclosan, phenolic metabolites
140 | GC/MSMS A sl SPME/-=A4 3} 239l Parabens
141| GC/MSMS A5l SPE n) = Pentobarbital
142 | GC/MS/MS 34 &) LLE 2:9) 2~ Nitro musks, metabolites
143 | GC/MSMS 3 &8A) [z 292~ Polycyclic musks, nitro musks, metabolites
144 | GC/MS/MS Agslr A A8, $dF SPE/-=A| 3} 291~ Ibuprofen, metabolites
145| GC/MSMS gl SPE/EA| 3} i Propranolol
146 | GC/MS/MS, LC/MS 7] WS SPE/S-=A| 3} )= Acidic pharmaceuticals, B-blockers, antibiotics o)
147| GC/MS/MS, LCMS/MS | t}ofsl & Al 2538} SPE 7€} Various %
148| GC/MSMS, LC/MSMS | thefst & A& 2153} SPE 71} Oxybenzone, musk ketone .
149| GCMS; GC Agsl 2 A8, 295 LLE =9 Musk ketone, musk xylene as well as metabolites ool
150 GC/MS; GC/MS/MS W AN AR, 09 SPE >ol~ | Caffeine ol
151 | GC/MS; LC/ESIMS EAE SPE Z=2w|jo} [NSAIDS (ibuprofen, naproxen,, ketoprofen, diclofenac) rf
Major'con'taminants B-blpckers (_metopml(_)l, bi.soprolol, sola'to_l),'analgesic's (phenazoqe, 'propyphenazone), o
152 | GC/MS; LC/ESIMS/MS | #)47F 89)€ A8l SPE/EAIS); SPE o) antl_eplleptlc (carbamazepme), anp—rheumatm (dl_clofenac), antibiotics (sul_fadlazme,sqlfagilm@ine_, sulfamethoxazole, lo
ronidazol, dapsone, roxithromycin, erythromycin), X-ray contrast media (amidotrizoic acid, iopamidole). oX,
153 | GC/MS; LC/ESI-MS/MS | Ay &sl Wi SPE =o) gfgiﬁ)ﬁt:éigloﬁibﬁc acid, diclofenac, ibuprofen, naproxen, iopromide, iomeprol, amidotrizoic acid, iohexol, U:i
154 | GC/MS; LC/MS/MS gl 24 AR LLE; SPE o f;i?gg;f;;ﬁ; rﬁr&tﬁxgssoggrtn &%ﬁc’toe‘%mez?;itw;};Ogjr?lgzéelcl;zgrofen, clofibric acid, triclosan, diatrizoate, S-%
155| GC/MS; LC/MS/MS gl SPE/-EA| 3} 71k Carbamazepine, diclofenac, ibuprofen, bezafibrate
Caffeine, carbamazepine, carisoprodol, fenofibrate, gemfibrozil, ibuprofen. Acetaminophen, diclofenac, erythromycin,
156 | GC/MS;LC/MS/MS b Esikubz By LLEZYAFAF= w2 gabapentin, hydrocodone, lidocaine, meprobamate, naproxen, phenytoin, sulfamethoxazole, trimethoprim, DEET,
triclosan qualitatively or tentatively identified.
157| GeMs ABs e A2 PSR P ’;‘z;iﬁfggﬁingtugggﬁ;lgﬁr: ﬁéﬁiﬁ@gﬁ?gd validated forenrofloxacin, ciprofloxacin, tetracycline,
158 | HPLC, Yeast assay 255, B - 71e} 17B-estradiol, Ethynylestradiol
159 [ IC/ICP/MS B kS 98 A8 71k X-ray contrast media (amidotrizoic acid, iohexol, iomeprol, iopamidol, iopromide, ioxitalamic acid)
160 |ion chromatography TE5, A8l 2 2 dAx i X-ray contrast media
161 | ion-pair LC/ESIEMSMS [ W) )<= ool 28 SPE =4 Gentamicin
162 | LC/APCIMS 2 AE W SPE 71e} Trimethoprim, sulfadiazine, florfenicol, oxolinic acid
163 | LC/APCIMS EX=E LLE n) = Caffeine
164 | LC/APPLMS/MS o= 28l A AR 71e} Clarithromycin
165 | LC/chemiluminescence tjksl B AR oForo) w3k SPE 2791 Aminoglycoside antibiotics (amikacin, streptomycin, kanamycin B, paromomycin, neomycin B)
166 | LC/DAD o] 28%37 LLE i Monensin, Maduramycin, Salinomycin, Narasin®?
167 | LC/ESIMS 8, SPE e Triclocarban (antiseptic)
168 | LC/ESIMS HF, 5945 SPE n)=- Tetracycline antibiotics, sulfonamide antibiotics




Table 3. Environmental PPCPs related researches performed from 1997 to 2006 (Adapted from Nicholson, 2006) (continued)

# (#8717 IS =8 ZAE (84 S
169| LC/ESIMS ojg o SPE Ak 28 analyseq for, 14 detected. 5 most frequently detected lincomycin, monensin, sulfamethazine, trimethoprim,
carbamazepine
170 | LC/ESIMS oK E SPE =] X-ray contrast media (diatrizoate, iopromide)
171| LC/ESIMS CERRERS SPE =9 X-ray contrast media (iopromide, diatrizoate, iopamidol, iohexol)
172 | LC/ESIMS A5, o9 SPE 2#Q Ibuprofen, ketoprofen, naproxen, diclofenac, salicylic acid,, gemfibrozil
. . Method developed for 6 sulfonamide, 5 tetracycline antibiotics. Antibiotics found were chlortetracycline,
173 | LC/ESIMS L SPE w1 oxytetracycline, tetracycline, sulfadimethoxine, sulfamethazine, sulfamethoxazole,, sulfthiazole
174 | LC/ESIMS gl 2 AR, SPE o) Antibiotics (ciprofloxacin, enrofloxacin, norfloxacin, ofloxacin, sulfamethazine, sulfamethoxazole, trimethoprim)
48 pharmaceuticals, metabolites monitored, 13 determined on more than one occasion in raw water(erythromycin,
o oaya) = ou sulfamethoxazole, 1,7-dimethylxanthine (caffeine metabolite), acetaminophen, albuterol, caffeine, carbamazepine,
175 | LC/ESIMS 2 2 AP S CdokE v SPE ml= cimetidine, codeine, cotidine (nicotine contaminant), dehydronifedipine (nifedipine metabolite), diphenhydramine,
thiabendazole, trimethoprim, triclosan)
176 | LC/ESIMS 4 2E] 34 AR SPE )= Antiobiotics (various classes)
177 | LC/ESIMS 227 ook g SPE 71e} Method development
178 | LC/ESIMS A2kl W o] 8- SPE 71} Various antibiotics (sulfonamides, macrolides, carbadox)
22 antibiotics (carbadox, chlortetracycline, ciprofloxacin, doxycycline, enrofloxacin, erythromycin, lincomycin,
norfloxalin, oxytetracycline, roxithromycin, sarsfloxacin, sulfachlorpyridazine, sulfadimethoxine, sulfamerazine,
2 ol e SaL o . sulfamethazine, sulfamethizole, sulfamethoxazole, sulfathiazole, tetracycline, trimethoprim, tylosin, virginiamycin),
179 | LC/ESEMS AR s g B Sak sl SPE Pl 13 prescription drugs (salbutamol, cimetidine, codeine, dehydronifedipine, digoxin, diltiazem, enalapril, fluoxetine,
gemfibrozil, metformin, ranitidine, warfarin), 4 non-prescription drugs (acetaminophen, caffeine, nicotine,
ibuprofen), metabolites monitored. Most detected.
180 | LC/ESI-MS A8 A FAAZZSPE 71} Antibiotics (penicillins, tetracyclines, sulfonamides, macrolides)
181| LC/ESLMS e e salel) ojah A e Ergjictrgget:jon, illicit drugs (azithromycin, fluoxetine, omeprazole, levothyroxine, methamphetamine, MDMA)
182 | LC/ESI-MS Agslre A AR, BAR SPE w)=- Triclocarban, triclosan (antiseptics)
183 | LC/ESI-MS (on trap) b B LLE n) =+ Azithromycin (antibiotic)
184 | LC/ESIMS/ MS A=y SPE $ »~Ego} | Carbamazepine
185 | LC/ESIMS/MS L B SPME SIRCE Fluoroquinolone antibiotics (enoxacin, ofloxacin, ciprofloxacin, norfloxacin, lomefloxacin)
186 | LC/ESIMS/MS e, A WRF, 2958 SPE P Ibuprofen, naproxen, ketoprofen, diclofenac, bezafibrate
187 | LC/ESIMS/MS A &4 SPE 9 ~Ego} | Carbamazepine
N - Acidic pharmaceuticals. Bezafibrate, diclofenac, fenoprofen, gemfibrozil, ibuprofen, indomethacin, naproxen
188| LC/ESIMS/MS A2 R SPE itk detected. Clofibric acid, ketoprofen not detected
189 | LC/ESIMS/MS g, A WS, 98 SPE N Carbamazepine, metabolites
190 | LC/ESIMS/MS g, A RS, a9 SPE FR= Blood lipid regulators (atorvastatin, lovastatin, pravastatin, simvastatin)
191 | LC/ESIMS/MS e e SPE ek Atorvastatin, novobiocin, roxithromycin. Only atorvaststin detected
192 | LC/ESIMS/MS ] WS SPE Nk Antibiotics (ciprofloxacin, clarithromycin, erythromycin, ofloxacin, sulfamethoxazole, sulfapyridine, tetracycline)
193 | LC/ESIMS/MS A7 BRF, B AR SPE TNt Triclosan
194 | LC/ESIMS/MS o&EA SPE N Carbamazepine, caffeine, cotinine
195 | LC/ESIMS/MS e, A WRF, 2958 SPE JP= Acidic pharmaceuticals (ibuprofen, naproxen, ketoprofen, diclofenac, bezafibrate)
196 | LC/ESIMS/MS 28] R, Q95 SPE =o) S:tlz)crtlggmde antibiotics. Method validated for 13 compounds. Sulfamethoxazole, sulfadiazine, sulfamethizole
197 | LC/ESIMS/MS fFrET, L9F SPE 9] X-ray contrast media
198 | LC/ESIMS/MS Agslr B A8, A5 SPE =9 X-ray contrast media (diatrizoate, iopamidol, iopromide, iomeprol, iothalamic acid, ioxithalamic acid)
o - - Neutral pharmaceuticals (Caffeine, propyphenazone, diazepam, glibenclamide, nifedipine, omeprazole.
g B £0) : f
199 LC/ESIMS/MS A, A2 FE, 294 SPE =4 phenylbutazone), some metabolites. Caffeine, propyphenazone detected
200 | LC/ESIMS/MS X R SPE =9 29 antibiotics
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Table 3. Environmental PPCPs related researches performed from 1997 to 2006 (Adapted from Nicholson, 2006) (continued)

# [29917] R AN At 84 ook

201 | LC/ESIMS/MS e SPE I ES Diclofenac, ibuprofen, clofibric acid, phenazone, propyphenazone

202 | LC/ESIMS/MS 424 2 A¥F SPE olgg]o} | NSAIDs (ibuprofen, fenoprofen, ketoprofen, naproxen, diclofenac), salicylic acid

203 | LC/ESIMS/MS Agal @A &eA) SPE SR Levofloxacin, clarithromycin, azithromycin

204 | LC/ESIMS/MS g, 2 &5 SPE w29Jo] |SSRIs (citalopram, setraline, paroxetine, fluoxetine, fluvoxamine)

205 | LC/ESIMS/MS A SPE 2791 Macrolide antibiotics (erythromycin, clarithromycin, azithromycin,roxithromycin, josamycin)

206 | LC/ESIMS/MS AR A D SPE PP le\:/lr;gl(;})i:lr;;Cis;J‘lfggar?tlliE(e)ma;;ig‘iog)c;, t;g?initgﬁpg:gécfséfapyﬁdine, sulfamethoxazole, trimethoprim, azithromycin,

207| LO/ESIMS/MS o) s, og SPE 9= %\é[féi(l)l?;ﬂ% :;iiedc,t(elijc.lofenac, propranolol, erythromycin, trimethoprim, acetylsulfamethoxazole, dextropropoxyphene,
Clofibric acid, clotrimazole, dextropropoxyphene, diclofenac, ibuprofen, mefenamic acid, propranolol, tamoxifen,

208 | LC/ESIMS/MS 7ol HE: ¢ SPE CE trimethoprim detected. Erythromycin, lofepramine, paracetamol, sulfamethoxazole, acetylsulfamethoxazole not
detected.

200 | LC/ESIMSMS ARel A AR, 985, A8 |SPE B3| eionamic sk pascetamol, popranach subamethonasci wmeton. tmetoptn

210 | LC/ESIMS/MS 28] R SPE EES Various pharmaceuticals

211 | LC/ESIMS/MS ZAb] oSt 0 EE SPE = Sulfonamide antibiotics (sulfamethazine, sulfadimethoxine, sulfachloropyridazine, sulfamethoxine)

212 | LC/ESIMS/MS W4 A A8, 4= AR SPE n)=- fB-lactam antibiotics (amoxicillin, ampicillin, oxacillin, cloxacillin, cephapirin)

213 | LC/ESIMS/MS A @ AeE, 2o A% @A SPE w)= Tetracycline, sulfonamide antibiotics

214 | LC/ESIMS/MS RIS SPE w)= Antibiotics (erythromycin (anhydro), tylosin)

215| LO/ESIMS/MS A2 Alme] WA SPE e ?ésl)%cbkrzz‘) blood lipid regulators (bezafibrate, clofibric acid, gemfibrocil, atenolol, sotalol, metoprolol, betaxolol,

216 | LC/ESIMS/MS 2 AE 9y e SPE 71e} Sulfonamide antibiotics

217 | LC/ESIMS/MS H4 2g §3 A5 ¢ A8l A]g |SPE 71} Sulfonamide antibiotics, X-ray contrast media, estrogens

218 | LC/ESIMS/MS B ke Qe A8 SPE 71} cinnarizine, domperidone, flubendazole, itraconazole, ketoconazole, miconazole, pipamperone, rabeprazole

219 | LC/ESIMS/MS Al A WRe - ) 7] Diazepam

220 | LC/ESI-MS/MS a4 A AE SPE 23] Acidic non-steroidal anti-inflammatory drugs(NSAIDs)

291 | LC/ESLMS/MS ABs e AE SPEE: SLESEA a9 ;liftli)lz;eostei:élstative fluoroquinolone, sulfonamide, penicillin, cephalosporin, niroimidazole, tetyracycline, macrolide

3] 5-Z (Hollow
222 | LC/ESI-MS/MS AAFFEES W A S fibre liquid-phase 71e} Acidic pharmaceuticals (ibuprofen, clofibric acid, bezafibrate, etc.)
microextraction)

Quinolone antibiotics (oxolinic acid, nalidixic acid, flumequine, marbofloxacine, ofloxacine, enrofloxacine,

223 | LC/ESI-MS/MS = AE A e L2}l SPE 239l pefloxacine, ciprofloxacine, pipemidic acid, norfloxacine), penicillins (penicillin G, oxacillin, dicloxacillin, piperacillin,
cloxacillin, ampicillin)

224 | LC/ESI-MS/MS A Freeze-drying or SPE | =& Antibiotics (penicillins, tetracyclines, sulfonamides, macrolides)

225| LC/ESI-MS/MS HF, ENE g{lé(égzﬁﬁ;s) TRk Carbamazepine, metabolites, caffeine

226 | LCO/ESLMS/MS oo, A2 . _OSEAIO]/AE— Siaclli(c)}]elirfa ;cii(ri{dg;(;)&caacrinr;’ 1:2’(32(;1::1:, clofibric acid, naproxen, ketoprofen, bezafibrate, fenoprofen, ibuprofen,

227| LC/ESI-MS/MS g &R Ha) 9@ oA - 71e} Acidic pharmaceuticals (ketoprofen, bezafibrate, naproxen, ibuprofen, diclofenac)
Tetracycline (oxytetracycline, chlortetracycline, tetracycline, demeclocycline, doxycycline, meclocycline,

228 | LC/ESI-MS/MS(on trap) | 9¢4 SPE )= minocycline), sulfonamide (sulfathiazole, sulfamerazine, sulfamethazine, sulfachloropyridazine, sulfamethoxazole,
sulfadimethoxine) antibiotics

229|LC/ESIMS/MS; GCMS | g 4=x 2] 2A A 4 4= SPE, & S5A|s $ ~Eg]o} | Diclofenac, ibuprofen, bezafibrate, carbamazepine, iopromide, diazepam, roxithromycin, sulfamethoxazole

230 | LC/FL b B SPE 7)€} carbamazepine, metabolite, aspirin, ibuprofen, ketoprofen, naproxen, bezafibrate, diclofenac, tolfenamic acid

231|LC/FL 3 =21R], 2 Atreated soils ASE 2 SPE 291~ Fluoroquinolone antibiotics (ciprofloxacin, norfloxacin)

232|LC/FL Eok W A A7 e 71} Quinolone antibiotics flumequine, oxolinic acid

(1748



Table 3. Environmental PPCPs related researches performed from 1997 to 2006 (Adapted from Nicholson, 2006) (continued)

# (#8717 IS =8 ZAE (84 S
233 | LC/FL ZAEA ] W s SPE 71} Quinolone antibiotics
N - o - Fluoroquinolone antibiotics (ciprofloxacin, norfloxacin determined. Method also validated for fleroxacin, ofloxacin/
234 LC/FL AgshE A A8, A f9E Fol st SPE 2412 levofloxacin, lomefloxacin, danofloxacin, enrofloxacin, difloxacin, tosufloxacin))
235|LC/FL APl A AE, 28R jg;}é?:g;iﬂ ff;;" 292~ Fluoroquinolone antibiotics (ciprofloxacin, norfloxacin)
236 | LC/FL 2 A8 W e SPE 71} Tetracycline, oxytetracycline, chlorteteracycline
LC/FL(fluoroquinolones); . . . . . . . . . . .
: . e = Fluoroquinolone, macrolide, sulfonamide antibiotics (ciprofloxacin, erythromycin, clarithromycin, roxithromycin,
237 ilu(ig(f)inSaInll\i/éSesgmacrohdes, Aelre] ag Hla SPE 292 tylosin, spiramycin, sulfamethoxazole, sulfamethazine, sulfaguanadine, sulfadiazine, trimethoprim, chloramphenicol)
238 | LC/FL, LOMS/MS Askai 42 Al opolemst SPE 28] géttlgggél)molone antibiotics (method developed for nine compounds. Ciprofloxacin, norfloxacin only compounds
239| LO/FL/MS, LC/MS/MS ABse AR, 2o, oas = ofolemsh SPE PPN fgzi(;hr(;?)ﬁr;zligr)le antibiotics (ciprofloxacin, norfloxacin), macrolide antibiotics clarithromycin, erythromycin,
Antibiotics (fluoroquinolones, sulfonamides, trimethoprim, B-lactams, nitroimidazoles, tetracyclines) can be
240 | LC/MS R B SPE 2~9)el determined. Analytes determined ciprofloxacin, metronidazole, sulfamethoxazole, ofloxacin, trimethoprim,
doxycycline
241|LCMS EINES - 71E Bisphenol A%
242 II\‘/[CSMS’ LOMSMS, GC/ RERS R SPE, PLE, £-%=A413} 292 Carbamazepine,diclofenac, ibuprofen, iopromide, naproxen, roxithromycin, sulfamethoxazole
17 Z20] dl ] . .
243 | LC/MS/MS e e, 99 Ezt}"‘c‘g 5t SPE 3t vl n)= Various pharmaceuticals
244 | LC/MS/MS k] 28953 9 SPE =9 Acidic pharmaceuticals, antibiotics, ivermectin(parasiticide)
N A Macrolide, sulfonamide antibiotics, trimethoprim. Sulfapyridine, sulfamethoxazole, trimethoprim, azithromycin,
245|LOMS/MS shrEeiA IS dEZ(PLE) 2912 clarithromycin, roxithromycin detected
246 | LC/MS/MS A&l SPE g Carbamazepine, clofibric acid, diclofenac, ibuprofen, gemfibrozil, bezafibrate
247 | LC/MS/MS 7 4& AE, 095 SPE =9 X-ray contrast media
248 | LC/MS/MS sl Y] = AR SPE olgrz]o} | Amoxicillin
249 | LC/MS/MS el SPE olgrg]o} | Various classes
250 | LC/MS/MS Hr 2 AR SPE olgtz]o} | Cocaine
251 LC/MS/MS P SPE olekglo}l | Various
252 | LC/MS/MS Hel #4 SPE 2791 Various classes (16 pharmaceuticals)
253 | LC/MS/MS 7 WRF, A9 SPE 229~ Macrolide antibiotics (clarithromycin, roxithromycin, erythromycin)
254 LC/MS/MS e SPE 29|~ Sulfonamide antibiotics
255 | LC/MS/MS 2514 SPE )= Range of pharmaceuticals
- = Tetracycline (oxytetracycline, tetracycline, demeclocycline, chlortetracycline, doxycycline, meclocycline),
256| LO/MS/MS A9 e SPE Hl= sulfonamide (sulfathiazole, sulfamethazine, sulfachloropyridazine, sulfamethoxazole, sulfadimethoxine) antibiotics
257 | LC/MS/MS HEs 94 SPE w)= Antibiotics (sulfamethoxazole, trimethoprim, ciprofloxacin, tetracycline, lincosamide, erythromycin), caffeine
258 | LC/MS/MS el a7k Aeg, A5, 295 SPE e Antibiotics (various classes)
259 | LC/MS/MS = 2 Hd A SPE )= Antibiotics (monensin, salinomycin, narasin)
260 | LC/MS/MS 2 AR W SPE 71E} Ibuprofen, fenoprofen, ketoprofen, naproxen, diclofenac
261 | LC/MS/MS A Ers14 SPE-%: SLE-Z#]%] 2~9= Fluoroquinolone antibiotics (norfloxacin, ofloxacin, ciprofloxacin) sulfamethoxazole, trimethoprim
Atenolol, bezafibrate, ciprofloxacin, clarithromycin, clofibric acid, diazepam, enalapril, erythromycin, furosemide,
262 | LC/MS/MS e W t}eFsl SPE olgrg]e}l  |ibuprofen, hydrochlorothiazide, ranitidine, spiramycin, lincomycin, oleandomycin, oxytetracycline, salbutamol,
tilmicosin, tylosin
263 | LC/MS/MS AR A8 SLE 71et Tetracycline, quinolone, macrolide antibiotics
264 | LC/MS/MS Z#A] el vy 289%% PLEY SPE| 7]gk Various pharmaceuticals
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Table 3. Environmental PPCPs related researches performed from 1997 to 2006 (Adapted from Nicholson, 2006) (continued) I
# [2A70) TPINE EEEL] AT |24 S N
265 | LC/MS/MS = A8 294 Ygdat= | Sulfamethoxazole, bezafibrate, metoprolol, carbamazepine, bisoprolol
266 | LC/MS/MS AR A S A8), SPE =9 Todinated X-ray contrast media
267 | LC/MS/MS 37} g A B SPE i Roxithromycin, Trimethoprim, Chloramphenicol, Atenolol*?
268| LOMSMS WA AR SPE s ;i;t;glaozliiir;?e,n;gggio1$§f:£r&%i?irtll,d Cr;loesf::%r)nic acid, erythromycin, fluconazole, levofloxacin, indomethacin,
269| LC/MSMS H 2 2 AE - 71ek Estrone, 17B-estradiol, Bisphenol A, Nonylphenol™®
270| LGMSMS B SPE U5 | Dicotenae Cloibic ack Tropianoil. Dextoproporphene. Lotepmamine Tamodtent
271| LC/MSMS ENE] - 7)€} Estrone, 17B-estradiol, E3*"

Acetaminophen, Sulfamethoxazole, Sulfathiazole, Carbadox, Sulfamethazine, Trimethoprim, Lincomycin, Naproxen,
272| LC/MS/MS A R AR = A S R AN K= SPE B Diclofenac-Na, Ibuprofen, Erythromycin-H20, Roxythromycin, Tylosin, Chlortetracycline, Oxytetracycline,

Ciprofloxacin, Enrofloxacin®®
273 | LC/MS/MS = B SPE n) - Antibiotics (various classes), caffeine
274| LC/MSMS (ion trap) 295 SPE n)= Polyether antibiotics (monensin A, B, salinomycin, narasin A)
275 LC/MS/MS(ion trap) APl A AE, 295 SPE o) Macrolide antibiotics (erythromycin, roxithromycin, tylosin)
276 | LC/MS/MS, GC/MS A7 2TH A SPE/S- A3} 71ek Tbuprofen, bezafibrate, diclofenac, carbamazepine o
277|LC/MSMS, GC/MS/MS | 9= &) 93t Adsl A =5 |- 7)€} Pharmaceuticals including X-ray contrast media i
278 | LC/MSMS, GC/MSMS | o &0 oJ3t Agsls: A2 f25 71Ek Polycyclic musks (HHCB, AHTN) e
279| LC/MS/MS; radio-TLC ZAAE NE %289%% 9 SPE 71} Diazepam, ibuprofen, iopromide, paracetamol, carbamazepine, ivermectin, oxazepam, some metabolites .
280 | LC/MS; LC/FL Agslre A7 = A8, 0d9F SPE ;]_}" At Quinolone antibiotics. Ofloxacin detected Zlg
281 | LC/PAD A&slg 57 99 AF A8 Aqueous extraction n) - Oxtetracycline F.E
282 | LC/PDA EYg 9 4 A8 SPE 71} Teracycline, sulfonamide antibiotics ey
283 | LC/PDA s ZEAY §)E 7€} Diatrizoic acid to
284 | LC/PDA H 4] uhy ) SPE 71e} fB-lactam antibiotics (penicillin G, amoxicillin, ampicillin, penicillin V, oxacillin, cloxacillin, dicloxacillin, nafcillin) oX.
285|LC/PDA REES SPE 7€} Enrofloxacin \1
286 | LC/PDA/FL AL, 755) SPE 2731 Anti-inflammatories (acetaminophen, diclofenac, ibuprofen, ketoprofen, naproxen), carbamazepine, caffeine E@’
287| LC/PDA/MS B W 3R AL SPE 71k Ciprofloxacin Ho
288 LC/Q-TOF MS A5 A WHE, A Y SPE 2#%] Various classes (29 pharmaceuticals)
289| LC/TOF-MS, LC/MSMS | A& A& ASE n)= Diphenhydramine
200 | LC/UV T SPE et f;ngzltgt;;s) 1ri(};a)rbadox, sulfachloropyrazine, sulfadimethoxine, sulfamerazine, sulfamethazine, sulfathiazole,
291|LC/UV Aeals SPE 7€} Topromide
292 |LC/UV 3 2 7} A8 W s SPE 71e} (Fluoro)quinolone antibiotics
293 |LC/UV 2 A 9 e SPE 71k Fluoroquinolone (ciprofloxacin), quinolone(oxolinic acid) antibiotics
294| LC/UV B9 2 nAE &3 A8 SPE 71e} Carbamazepine, propranalol, diclofenac, clofibric acid, sulfamethoxazole, ofoxacin
295|LC/UV 28 WaEs Automated on-line SPE| s Caffeine
296 | LC/UV FEINE 93 2AF AE - 71e} Ciprofloxacin
297 | LC/UV Bz A7 - 71} X-ray contrast media diatrizoate, iopromide
298 | LC/UV AR 9@ =A== - 71k Topromide
299| LC/UV AR @ o= A7 At - 71ek Carbamazepine
300|LC/UV 93}, UV/H202 33Hs] AT - 71Ek Paracetamol
301|LC/UV Q2F3}, UV/H202 38Hsl] A+ - 7€} Clofibric acid
302 | LC/UV SRS 93 24} A8 - 71} Cimetidine, ranitidine
303 | LC/UV FERINE 93t 2} A= - 7)€} Naproxen, diclofenac, ibuprofen, clofibric acid




Table 3. Environmental PPCPs related researches performed from 1997 to 2006 (Adapted from Nicholson, 2006) (continued)

# [2A717) TINE EECL] ZAR |24 %

304 | LC/UV FEINE 93t 2} A= - 7)€k Sulfa drugs (sulfonamide antibiotics)(sulfamethoxazole, sulfisoxazole, sulfamethizole, sulfathiazole, sulfamoxole)
305 | LC/UV Bals 2 98z At - 71} Paroxetine

306 | LC/UV Aol 23 Akshikg- - 7€} Sulfamethoxazole

307| LC/UV wHgel g ot - 71ek Ibuprofen

308|LoUv Qs vk A & . P L};téz())rlx;clathacin, gemfibrozil, naproxen, acetaminophen, ibuprofen, ketoprofen, atenolol, metoprolol, propranolol,
309| LC/UV 948l kg XE 5 - 7€k Naproxen

310| LC/UV HEF T4 7 - 71e} Sulfamethoxazole, carbamazepine, diclofenac, ibuprofen

311|LC/UV gy 24 A - 7€} Sulfamethoxazole, carbamazepine,, ibuprofen

312 | LC/UV UV, Fenton, photo-Fenton processes - 71} Metronidazole

313|LC/UV HAEAFSE 34 A - 71et DEET

314|LC/UV PRI E 93 2AF A7 - 71e} Nitro musks

315|LC/UV 238} 717 A - 7€} Carbamazepine

316| LC/UV AE 52 A7 - 71e} Sulfonamide (sulfamethazine, sulfamethoxazole, sulfapyridine) antibiotics
317|LC/UV AEEe 28 B4 - 71} Antibiotics (benzylpenicillin, ceftriaxone, trimethoprim)

318 |LC/UV 2] E (A LLE 3= oxytetracycline, tetracycline, chlortetracycline,, doxycycline®”
319|LC/UV Q2F5 o835 AOPs A+ - 7]ek Bezafibrate, carbamazepine, diazepam, diclofenac, ibuprofen, iopromide, sulfamethoxazole
320|LC/UV or LC/MS/MS B3lshike A8 - 7€k Fluoxetine

321|LC/UV, GC ol ok - S Chlorpyrifos, Deltamethrin, Diazinon, Dichlorvos,Kadethrin'®

322|LC/UV, GC/FID 2815 LLE dlula Various pharmaceuticals

323 | LC/UV, GC/MS A A ES SPE, PLE ¥ %43} |7]E} Clofibric acid, ibuprofen, carbamazepine

324|LC/UV, GC/MS Axs} WS A LLE 7€} Triclosan

325|LC/UV, LC/MS o= W PR At - 71e} Lincomycin

326 | LC/UV, LC/MS/MS o) A E A A - 71k Tetracycline antibiotics

327|LC/UV, LC/MS/MS 3 T A7 A 5 SPE 71e} Acetaminophen, atorvastatin, caffeine, arbamazepine, levofloxacin, sertraline, sulfamethoxazole, trimethoprim
328 | LC/UV. GCMS, LC/MS | galEsksl 34 AT - 71k Diclofenac

329|LC/UV/FL FEINS 93 2A} 2B - 71Ek Clofibric acid, iomeprol, carbamazepine

330|LC/UV/FL FRA S 93 2AL AR - 71} Carbamazepine, clofibric acid, iomeprol, iopromide

331|LC/UV/FL FZujol| o8t FEs) At - 7)€} Carbamazepine, clofibric acid, iomeprol, iopromide

332|LC/UV/FL, LC/MS A3} kg A ¢ FAAZR 71} Fluoroquinolone antibiotics (ciprofloxacin, enrofloxacin, flumequine)

333 | LC/UV; ESI-MS/MS A - 71} Fluoroquinolone (ciprofloxacin), quinolone(oxolinic acid) antibiotics
334|LC/UV; GOMS FHIANZ 9 ZAF AR SPE/G=A3} 291> | Triclosan

335| LC-ESIMS/MS Agslr B A8, A5 SPE IF Antibiotics (ciprofloxacin, norfloxacin, cephalexin)

336 | radioimmunoassay; LC/MS [ A &s14 Ae)d A2, 295 SPE w)= Tetracycline, sulfonamide antibiotics

337| radioimmunoassy Agel, A EF, L9 FAAZ EE Bleomycin (anti-neoplastic)

338 &R - 71e} Triclosan

339|TLC 37 Ha) zA} - 71} Anti-ulceratives lansoprazole, omeprazole

340| UV A 7o} LFnrtel] o3k &2 - 71} Acetaminophen, nalidixic acid, norfloxacin

341UV Zanle] o8t 3¢ - 71} Nalidixic acid

342 | UV spectrophotometry $Z BHo] 53 - 71e} Acetaminophen, carbamazepine, nalidixic acid, norfloxacin

343 | Yeast assay O A= - 7)€} 17B-estradiol, Ethynylestradiol, Bisphenol A, Nonylphenol*?

344 | Yeast assay, LC/MS EEISES - 71Ek 17B-estradiol, E3, Bisphenol A, Nonylphenol*?
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Table 4. Analytical technologies for analyzing PPCPs in

environmental samples

.
e - TG -

488 BY/% AE EEE
GC 1 0.3%
GC Based (i 136 41.7%
Technique
GC/MS/MS 7 2.1%
LC 62 19.0%
LC Based | 1o 23 71%
Technique
LC/MS/MS 82 25.2%
IC/ICP/MS 2 0.6%
Radioimmunoassay 3 0.9%
Etc UV/Vis spectrophotometry 3 0.9%
© Toxicity test 1 0.3%
DOC mesurement 2 0.6%
Etc. 4 1.2%
Sum. 326 100.0%

FHHEE Av)E7] AJERE LOMS/MSS] a4 A47Al
@21 AH7F FAFHA 28 ¥ 7= AT o
A% g AAddA LC6271 AHNeE LC/MS@37H
A Tol AR A7Ee] E8EHT 3

ZALE AT o2 g Tkt EA7 52 87

HiEE ohget SJokEES] AES Wrte
SHeH o R GgEojxol & AR wdEH, Z
ol GC == LCE X3 thdsh AgnEo] A4
¥ 947]% (hyphenated instrument)S% A7E1 )

N
rl

Table 5. PPCPs stream water and treated wastewater investigated by the Korean Ministry of Environment®

T AN olokE
naproxen FAY BEE =
diclofenac-Na AHG d= =
I G e EEe Ee e
HEl = mefenamic acid EE A2 219 =
ibuprofen 77, BE A% =5
talniflumate AHY =
neomycin ¥ 7=
lincomycin A%, Fol9 5 &, 94 A
sulfamethoxazole E = M DA A L
cefadroxil W o 9 g3 79z X8
ciprofloxacin oA 357 A, 7Y vy
A /3A amoxicillin E= AN - B I 1
Ql/ vl ¥&=) ampicillin 2, 9A &8 2 557 AW
E erythromycin-H,0 ~ ol=g, 1, tel7l 5 ® 5571 44
oxytetracycline o= A, 7129 AAER L HAF o, AW ok
. . o] 7‘(—]] J=\uNeE] ‘] =
trimethoprim o e
i &, W, Tk Ay deE
penicillinG A=, AFHE A=
A= /3D /A9A acetaminophen 77, 95E
@hEE) acetylsalicylic acid T HLE % 39
sulfamethazine = PN M R k33
sulfathiazole 2, &, "9x s8] 23
cefaclor N 729= g
o cefatrizine Afd 79z 38
o /%A o gns s
&= 97 =) cephradine A 9= X8
- enrofloxacin o o o= XE
carbadox Hx] A = =D HAF o
chlortetracycline 2 5, HA X EA
tylosin g, #x 387 "3
= A 277 =




olM tFe & F olored
ROZ o Fert.

42 2 olokE & A
I 20 SlokE 59, 4 9 A
AR AN AS tER)

A¥e 1 AHEAR) 9 %

T 0 w282} A8, (06~076]

o] 07 (07.407.12)0] 4th7t Bk 2 814 - 241

Arpie] el 125

o] tisl oJokE eHS AR I AdE WSt

A DIDB) o] Al 4@ - A - B

G §9 S, skeAEd 2 SAEAE ]
==

Tt WRT T 400 AN AaE AR Sl

EA)sl= 9]‘?1% 27%0] A= ATH(Table 5).

Table 6& 37+
B2 e T 9l
& ARSste] Ags

AA .

SFAAIRE, 2

ZA} ARIA] ARRE BA A9

BF d#EA LC-MS/MS
A49 eluent 2213

3 columne 671 4 ZFEE MY xlel7t A

Table 6. Instrumental conditions applied to analyze PPCPs in environmental water samples by Korean Ministry of

Environment'®
aF 3}3HE NE 2% SPE 147]7] Column type/Eluent
acetaminophen
ncomyen c1s
yan LC/MSMS  (2.1x100mmlLD., 3.5um)
I-A sulfamethazine . .
ESI postive /20mM ammonium acetate,
sulfamethoxazole .
. acetonitrile
sulfathiazole
trimethoprim
Liquid sample *
. HLB', C8
draretne - SnL U0 MO gy GO<IsomnID,
I-B Xy 4 ’ . / 20mM ammonium formate
enrofloxacin ESI postive . .
. . (0.3% formic acid),
ciprofloxacin ..
acetonitrile
. C18
diclofenac-Na = LOMS/MS  (2.1x100mmLD., 3.5um)
I-C acetylsalicylic acid ] . ’
carbadox metabolite ESI negative / 0.3% acetic acid,
acetonitrile(0.3% acetic acid)
Liquid sample C18
erythromycin-H,0 4 P LC/MSMS  (2.1x100mmLD., 3.5um)
II . 500mL (pH3.0) HLB . )
tylosin ESI postive / 20mM ammonium acetate,
concentrated 1.0mL ..
acetonitrile
amoxicillin
cefadroxil
penicillinGprocaine  Liquid sample C18
I cefatrizine 500mL (pH2.0) HLB LOMSMS — (4.6x100mmLD., 3um)
ESI postive / 0.1% formic acid,
cefaclor concentrated 0.5mL ..
. acetonitrile
ampicillin
cephradine
Daproxen Liquid sample C18
ibuprofen . D LCMS/MS  (2.1x100mmLD., 3.5um)
v . . 500mL (pH2.0) MCX . . .
mefenamic acid concentrated 0.5mL ESI negative / 0.3% acetic acid,
talniflumate ’ acetonitrile(0.3% acetic acid)
Liquid sample 18
. LCMS/MS  (2.1x100mmlD., 3.5um)
\Y% neomycin 500mL (pH2.0) MCX ESI postive / 10mM NFPA,

concentrated 0.5mL

acetonitrile(10mM NFPA)

* HLB; hydrophillic lipophillic balanced cartridge
** MCX; mixed mode cation exchange cartridge



Table 7. Concentrations of PPCPs detected in stream water (unit; ug/L)

91

= ¢ 5

No o oFF FUYllM BIE AT .
w = = g =" 7] € Hd HEAEDS) FAA-F)

1 acetaminophen A3 104 - - - 0.005-0.127" 0.0041-0.073 0.132 (n=2) (0.126-0.137)
2 amoxicillin - - - - - N.D.
3 ampicillin - - - - - N.D.
4 acetylsalicylic acid - 23 0.34% - - - 0.064 (n=32) (0.024-0.269)
5 carbadox N.D.* - ND.2 - - N.D.
6 cefaclor - - - - - N.D.
7 cefadroxil - - - - - N.D.
8 cefatrizine - - - - - N.D.
9 ciprofloxacin 3 0.034 - - 0.0144-0.02621° - 0.006 (n=3) (0.001-0.011)
10 cephradine - - - - - N.D.
11 chlortetracycline A3 0.6940.162 N.D.2 0.192% - - 0.561 (n=18) (0.017-5.404)
12 diclofenac-Na - 23 1.20% N.D.B B 02258 0.0011-0.0068%* N.D.
13 enrofloxacin N.D.1* - - - - 0.049 (n=5) (0.013-0.087)
14| erythromycin H,0 A7 LM A3 1707 | 0.0009-0.051% 0‘00140_';)'821253,15 0010 0.0018-0.0048'* 0.028 (n=12) (0.024-0.033)
15 ibuprofen H3 1L0YNDY | H7 0531 N.D2 _;% fﬂggg"gggégo 0.011-0.038% 0.108 (n=1)
16 lincomycin A3 073" - 0.0002-0.355% - - 0.101 (n=15) (0.002-0.343)
17 mefenamic acid - - - o 0.0688 0.050-0.3661° - 0.044 (n=11) (0.008-0.153)
18 naproxen 0.037-0.039" 23 039 NDZ 0.068-0.266'® 0.010-0.40%° 0.0018-0.018% 0.029 (n=9) (0.004-0.072)
19 neomycin - - - - - 0.940 (n=1)
20 oxytetracycline 2 0344 0.13% N.D.2 N.D.2 - - N.D.
21 penicillinG - N.D.2 - - - N.D.
21 procaine - - - - - N.D.
22 sulfamethazine 27 0221 0.0003-0.408% N.D. 0.230 (n=3) (0.091-0.304)
23 | sulfamethoxazole  [% 37 1.9140.05-0.122] 2 048 | 0.0003-0.009% 0.050% 0.0017-0.036% 0.0013-0.082° |  0.148 (n=7) (0.036-0.435)
24 sulfathiazole N.D.* ND.2 - 0.0013-0.016% - ND." 0.347 (n=11) (0.010-1.882)
25 talniflumate - - - - - N.D.
26 trimethoprim A3 07114 27 02012 | 0.0002-0.015% 0.010-0.042" 0.0032-0.0053% 0.011-0.026° |  0.014 (n=4) (0.008-0.021)
27 tylosin A 0284 - trace® 0.002-0.050'® - N.D.

* 9 AAe AEEA, ** ND. : &G ETA 0l8h
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