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Determination of Pharmaceuticals and Personal Care Products (PPCPs) in Environmental
Water Samples by LC-MS/MS and Their Occurrence in Aquatic Environment.

Reiji Kubota®, Maiko Tahara, Kumiko Shimizu, and Tetsuji Nishimura

For the determination of fifteen Pharmaceuticals and personal care products (PPCPs) in water

samples, an analytical method using high performance liquid chromatography — tandem mass

spectrometry was presented in this study. For the extraction of PPCPs from water sample, three
different solid phase extraction cartridges (Sep-Pak Plus PS-2, Sep-Pak Plus C18, and Oasis HLB Plus)

were tested. For almost all PPCPs except two selective serotonin reuptake inhibitors (SSRIs), good

results of recovery were obtained by using Oasis HLB Plus compared with other cartridges. On the

other hands, Sep-Pak plus C18 was suitable for extraction of SSRIs, and recovery was more than 90%.

Fourteen PPCPs, except chlortetracycline, were detected in all raw sewage water of sewage treatment

plant (STP) at high frequency in urban area, Japan. On the other hands, thirteen PPCPs, except

fenofibrate and triclosan, were detected in all treated sewage water of STP at high frequency. The

highest concentration was observed in bezafibrate and the value was 18.3 pxg/L. The concentrations of

other PPCPs in sewage water were ranged from several tens to several hundreds of ng/L. Because of

concentrations of PPCPs in treated sewage water were similar to or higher than those of raw sewage
water, further detail study should be focused on removability of PPCPs in STP.

Keywords: pharmaceuticals and personal care products, solid phase extraction, LC-MS/MS, sewage

water, river water
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2.2 EBRAEE
2.2.1 LC-MS/MSOtfhamniAz%

RO IEEIIOVTII TR X AT o720 K
ARS00mLIC FEE % AN L CpH28ICHEE L, 75 Ak
MeAK (JLEEOT7um) THBE, A& =), 004AMZ
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PPCPsDEmIZIFRAEI7ax VI 74 -8 0 F
N ESHTH: (LCMS/MS) % v/, m#ifks o
< 75 7 idWaters# D Waters Alliance 2695% i L
7z, EES 9 A iEWaters#SunFire C18 (2.1 x 150mm,
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7z BEIAICIZ01% ¥ (v/iv) BIXUxXY =Lzl
W, JEE0.2mL/minT A &/ —)V10% A 5 90% D ik FEA)
Bz 2 TiTo 7. BEMHOREAE D 4% Table 1
RS, ¥ T A BEESHEE X Waters # © Waters
Micromass Quattromicro APIZfEf L7z, £+ b
&, L7 baxTL—AF L (ESD OFY T4
T, AT ATAFVE-FO, FRENEICE L
Multiple Reaction Monitoring (MRM) E— FTHllE %
ﬁ‘o 7.

Table 1 Gradient condition of mobile phase

Time (min) 0 5 10 20 25 30

Mobile PhaseA(%) 90 20 10 10 90 90
Mobile PhaseB(%) 10 8 90 90 10 10

A :0.1% Formic acid (v/v) ; B : MeOH
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SHEWE L LToEteseEg L. 2hsolsflo
PPCPsi%, AEREDS  LHMOMIBTHEHA I TW
550, HHATORLOWMED»L D D ERINL 72,
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Fig. 1 Comparison of separation of tetracyclines by using two
types of separation columns, CTC: chlortetracycline; OTC:
oxytetracycline; TC: tetracycline
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DA F MEEFEDOFMEDVETT BN DD, BEKB X
O FARBEPE K T OPPCPs % xF 4 & L 72858 i
i, KABHOS M) v 72 A E B EEMIET S
W, MEWEOFERFZERE NFEEYE L LT
WEEEESRH SN TVWE 0855 7%, AR T
W4 LT BPPCPSIZOWVWTIL, ANMNTYE VEDHE
KEMEDSTRENTWD DL, FVIH A7) V&

Table 2 Analytical parameters of target PPCPs

DEKRFEMBEPATTELRVDLOBEINTVE72D,
4 & U742 TOPPCPsig E O &R AII RN <17
YT L F7e, WEhombiRRESLELE E=
5 —F57200NIERYEHE L CT7 /) 70y ThH
V272, Table 2 IZHE DA R L 7237 X 5 OPPCPs
ORFERERN, TV A -V ALy, Tuyrsv4 4y, 2
—VEE, a3V TVarIanF—, ERTEM Ok
) 29, TS D5 TISHEDOPPCPsIZ304 L
NTRIFZY -2 IRTciBE &7z (Fig.2).

3.2 EEmEEOKRE
Oasis HLB Plus7 — bV » V% W, FEAHMH3
OBE R o7z, EHA—P) vy YOIV T a=y

Retention time Precursorion/ Cone Collision energy . LOQ
Compound . . ESI Polarity
(min) Product ion (V) (eV) (ng/L)
Bezafibrate 1247 360.2/273.7 30 20 Negative 3
Fenofibrate 1574 361.1/233.1 30 20 Positive 0.2
Clofibric acid 12.79 213.0/127.0 20 20 Negative 1
Triclosan 15.24 287.0/ 35.0 20 20 Negative 60
Tetracycline 746 445.0/410.0 30 20 Positive 2
Oxytetracycline 7.78 461.0/426.0 30 20 Positive 2
Chlortetracycline 841 479.0/444.0 30 20 Positive 5
Erythromycin 9.05 734.6/158.1 30 30 Positive 10
Roxithromycin 9.53 837.7/158.1 30 30 Positive 2
Diclofenac 13.83 295.7/213.8 20 30 Positive 2.5
Mefenamic acid 15.11 242.2/2239 30 20 Positive 2
Ethenzamide 9.85 165.9/120.7 20 20 Positive 1
Carbamazepine 10.96 236.9/193.9 30 20 Positive 0.2
Paroxetine 9.05 330.2/192.2 30 30 Positive 8
Fluvoxamine 9.37 319.2/200.2 20 20 Positive 6
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i i e Chlortetracycline s
Roxithromycin
i A ] A
" 2,'5E| j 5 .DD j 7 ‘55 ! '|E|‘E|U ' 12‘5D j 15‘[|E| j |7I5[| ! ZU‘DD " 22'5D ' QEJUD j '17‘5[| ' EU‘DU 2‘5D 5IE|E| 7‘§[| ' |U‘[|[| ! 1'2‘5[| ! 15IDD j 17‘50 ’ QH‘DD ' 27‘5[| " 25 00 ' 27 5E| ' 30 D[l
1: MRM of 16 Channels ES+ 1: MRM of 3 Channels ES+
346>158.1 461 > 426
Erythromycin Oxytetracycline
g A ] I
: 2,’5D ' 5 l|:|E| e 7 ‘53 '||:|‘DU d WZ’ED g 15‘[|[| ' |7I5[| ZU‘DU : QZ’ED ' QE‘UD ' 27, 5[| EU (i} 2. ‘ED 5.00 : & ‘5[| ' |[|‘U[| : '\2‘5|] ' 15.00 17‘50 ) ?[l‘Dl] i ZT‘ED ' 25.00 ' 27 5E| § 30 DU
1: MRM of 16 Channels ES+ 1: MRM of 9 Channels ES+
3302>1922 445 > 410
.] Paroxetine : Tetracycline
| A ] A
"'250 | 500 750 1000 1250 1500 = 1750 2000 = 2250 @ 2500 2750 = 30.00 250 500 | 750 | 1000 | 1250 1500 1740 2000 2250 2500 2750 = 3000
1. MRM of 16 Channels ES+ 1: MRM of 9 Channels ES+
19.2 > 200.2 361.1>233.1
" fi Fluvoxamine /L - % A Fenofibrate
0 Lo AL LAt naAs L L R A LSBARL LRSS eAs A ks Lhnar R s At A 0 T A A AR ks A A kAR s AR s LAl A se e L) T T T
250 | 500 | 750 | 1000 | 1250 1500 | 1750 | 2000 | 2250 | 2500 | 2750 | 30.00 250 | 500 | 750 | 1000 | 1250 | 1500 | 170 | 2000 | 2280 | 2500 ' 2750 30.00
2. MRM of 4 Channels ES- 1: MRM of 3 Channels ES+
3602> 2737 205.7> 2138
" 1 Bezafibrate h & } J\ Diclofenac
R+ Mt Al e e e s B M it A Pl Ry s e s
2 MRM of 4 Channels ES- 1- MRM of § Channels ES+
287>35 242.2> 2239
<] Triclosan . Mefenamic acid
b < s
250 5.00 750 10.00 12.50 15.00 17.50 20.00 22.50 25.00 2750 30.00 250 500 750 10,00 12.50 15.00 17.50 2000 2250 25.00 27.50 3000
2 MR o1 4 Gtk €5 1: MR o 3 Cramnei €5
71> 1849 236.9> 1939
x% Fenoprop (Internal standard) /\ a\°:<1 J\ Carbamazepine
B - AT R e ! 250 500 | 750 | 1000 | 1250 | 1500 1750 2000 | 2250 | 2500 2750 3000
2. MRM of 4 Channels ES- 1: MRM of 3 Channels ES+
218> 127 165.9> 120.7
" 1 Clofibric acid ’\ & :1 }L Ethenzamide
0 by AR A uAns L Lt R oA T e Time 0 T A A A At A A A s N s A A i L) T T T me
250 5§00 750 1U 00 1250 15.00 17.50 2000 2250 25.00 27.50 30.00 2.50 5.00 750 10.00 12,50 15.00 17.50 20.00 2250 25 00 27 5U 30 UU

Retention time (min)

Fig. 2 MRM chromatograms of 15 PPCPs and 1 internal standard

Retention time (min)
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B IOMHEPIE, A¥ 2 —n5mL, 01%FE5mLT
VT4 va=r L, REEKRDOBRICERIIAKT S A
e, Ay =, 00AMZ TV (pH4T7) ThEh
2mLTa vy 74 va=ryr7 L, RAFHEKDHZ00AM 7
VBE (pH47), OIMEEERA V) 7 A ZFhENn2mL % #HK
LSR5 BETHRMEBIGRER 2 1TV, BT
BL7Z AETRERT M IHA 2y, XTI T T4
sV v, zuusr b IHA ) OT N ITHA 7Y FR
PUAWE 3O A23~28% TH-7-DIZK L, B
HTIXI01~108% &, BiEZE H 7235402 B 70 B
PRLN 2 NS, FMHAI—N) v YOarT4 g
=V BLUBECIEBEEZRA L. RIZBEEZHW
T3MBEORLZLZEMY — b1 v Y (Sep-Pak Plus
C18, Oasis HLB Plus, Sep-Pak Plus PS-2) TishiEX
2TV, THEHROREAA — ) v JI2 X 5 EIER
ETNIHA ) VRBAWEHIHE, suT4T) vy
B, MY zBaY IOV THIELZ. ZO/RE, Oasis
HLB PlusZ AWV 7235610k b B W EIERPHE b7z,
& 512, Oasis HLB Plus% H W TZ O dPPCPsIZ D
W U2 MR L7z 10fE g 8 ffi2 D v T 3 Oasis
HLB PlusTOMINENE L, FhZFho B IE54~
128% CTH -7z, —F, NuFtF rBIP7 VR
I VIFENEFNS06%, 284% & Oasis HLB Plus T Al
I KfEZ R L7 (Fig.3).
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Fig. 3 Recovery of 15 PPCPs by using Oasis HLB Plus

TIVKRFH I v BIONTFEF VIOV TIE, Oasis
HLB PlusZ AV 72356 0 BRI, o9 Tid %z
o770, FEOBEORMA— Y v YOI rTa Yy
3= V7B LOEET, EMEMREEOMRED 721
<7 u g4 NRYUEWHE 2 1%z 725 4 #E O PPCPs

WZowWT, 3MOREMA— MY v, & o7 AEM
W, Nv2r75y “/:L‘I’é& % M A A T I % F-N
L7 (Fig4A). #iEoBENEOYE, Sep-Pak Plus
PS-2CHiH L 7zSample 2%, Oasis HLB Plus THiili L
7zSample 1124 P4 TIZB W TEUE KA -

7z. %7z, Oasis HLB Plus & Sep-Pak Plus PS-2 % &
EHTH v F LM L 72Sample 304 b Sample
150 B2 EIRIZE SN - 72 (Fig. 4 A). —7,

Oasis HLB Plus® & UfSep-Pak Plus PS2% H\wwx ¥ /
—VI0mITHEBR LB = Y v IRy 275
v a2 LA 5 1%, Oasis HLB Plus Tl 2t
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Fig. 4 Comparison of recovery of two macrorides and two SSRIs
by several types of solid phase extraction, Sample 1: Oasis (Elution
with 10mL); Sample 2: PS-2 (Elution with 10mL); Sample 3:
Tandem (Oasis+PS—2) (Elution with 5mL from each column);
Sample 4: Oasis (Backflushing of Sample 1 (elution with 5mL));
Sample 5: PS-2 (Backflushing of Sample 2 (elution with 5mL));
Sample 6: Oasis (Elution with 10mL) + Backflushing (Elution
with 5mL); Sample 7: PS-2 (Elution with 10mL) + Backflushing
(Elution with 5mL); Sample 8: C18 (elution with 10mL))
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2t F UH195%, TIVARFH I UHBI%MINE I,
Sep-Pak Plus PS2TiE/8a ¥t F »AH158%, 7 IVAEF
FI B4R EILE N, B — MY v THITER L
TWwWB 2 RPN (Fig. 4 A, Samples 438 &
5).

% 2T, Oasis HLB Plus T#lFBEHRKENY 775
v ¥ 2% I 2 72Sample 6, Sep-Pak Plus C18CiHfi
R E Ny 775y ¥ 2B E N 2 72Sample 7,
B &£ U'Sep-Pak Plus C18CREIFHMIH L 7zSample 8% {EH#
L, B kL 72 (Fig.4B). £ CoRAFITBW
T, VAU T OMIEIZIN0% %2 KE B,
WREIEZ RITTWHEHSNEL L TwLZ LR DLN
2. adxaux A ¥ ryORINEE, Oasis HLB Plus
TNy 779y v M % 2 72Sample 631009
% THo7zDIZxF L, Sep-Pak Plus C18T/Ny 775 v
v 2 W % N 2 72 Sample 71385.3%, Sep-Pak Plus
Cl8 T O L7zSample 8TH739% &, FhFh
Sample 612 R R fE % 7R L7z, Sample 6 Tlid %1
FEF UABLT7%, TFIVERFHI UA216% & KD
WEIFEO LNk~ 7: (Fig.4B). —7%, Sample 7T
X, 7ZVEARFH I A733%, 3aF LT H80.2%,
& 51ZSample 8 TIXMH & 90% Ll L & FU&F 7 [N
HEbN7z (Fig.4B). U Eo#EER2S, REFETIL,
Ny 77Ty v a@EIEENZTHKRE B
DRRD LNl o 72720, BIESRIFTH - 7= EH
— MY v TELT, SSRIAZH I 2FI 2HIZDWTIE
Sep-Pak Plus C18%, Z®OHi13ffiiZ> v TidOasis HLB
Plusz v, #EDIEF AP SOEMEZITH)I T L EL
7z.

3.3 XkBEtT 4 —HAFKPPPCPsiREADEA
H R D ME; OFE BB L7z —F oW % F v TKERBE
HPPCPsOFIEEELAET 5720, FHI7THE1 FIC
FHATRERO ZHIIOT, FEHAIZALES 2 M H
NIAKR, wNAKRROE 8 EETOKFEEL V& — D AK
BLUOMHAE ARy MRKL, 11HOPPCPs (7 b5
A7), FFTFVITHA ), Juusr oY
A2V, R¥T4TI5—1F, 7=/)747T5—h, 7
U747y 28, Myruyry, YrurgcFv 7,
AT F A, TF VIR, AN EEY) (Zon
T L7z, AKB L OBERAKIZ BV T b i)
B0 2DIXEREMERFONRY 7 4 77— FTh
D, WAK, Bk E Hi288% (8 Mefkhr 7 Mtk THiH)
THotz. ZDOMOPPCPsIZDOWVTIE, BUiEAK T2
BUEHERFOY 707 2 F v 7 T8% (8 Mtk 7 Mufk
The) EEWKRINET, ZhLALOPPCPsOMRIIE
50~75%CTH 0, WEMADOKEA LY ¥ —DHAKE

X O Ko 22 5 1 EPPCPs Y AE R I M S I A T
WAVRE SN, —), fiEWEO 7 uu s bIH 42
U VIERAKFT, BREERAOT7 ) 74 75—

FBIXOBER O ) 7oy vk clidRBE T
Holz. WMRAKPTRBHETHo T2 ) T4 TF—F
RrYrzat L, KELERY Y —OME TR THRES
NIZZEDEZONED, BRKOATHREBEINE7 0
7 bIH A7), TR OB T T oY
MOMLER, AW EE, (LR O MR T, PPCPsOfd
BWEEDORBW AT S P DEAD R 5 7451 TH D0
BelEASE 2 Sz, 3 AKIZH KR A F TPPCPs D
WD < 72 ML, Nakadab d AV N EE V&
KBV THBEOMEMZHMELTBY Y, FUHETETO
% PPCPs D28 & Ml IZ B3 5 72 &, S OB iR
HTH 5.

ISR B X OTRINAKROKEEL v ¥ =i AKS
X Ok h o 118 © PPCPs i J§ % Fig. 5 AB L O
Fig. 5 BIZ/RT. EAKTIEZ, WMAKFORYFT 475
— b SR FE O W€ xF G O PPCPs T i b 55 i B
(183ug/L) THo7: (Fig.5A). MAKFORYF T 4
7T — N OJEEH I 244ng/LH 5278 ug/L & LD
PPCPsIZHRE L, REB L OEHEMZEH» S 0K
RS 7 4 7T — FPRREICE TN TV L EEDS
RENT. FAKPOMDOPPCPsDHEEIZD W TIEA
P74 7F— M MHEEL, B2 5% Ang/Lot —
F—TRih &Nz, ZORFTHIERFEFAO MY 70+ i
E T IREARM (<60ng/L) #*5805ng/L & LIk & ik
BEOREKR DR S N, MEGEHRAOLT VI K
s TRAEARG (<lng/L) # 5178ng/L & KfH % 7/~
L7-.

BRI DWTIE, WAKP LR T 4 75—
MR D EIRE T, TOREHIPEIZ128ng/L~5.951g/L
EMAKFEIZIZRBETH 7. —FH, A7) 28
WZDWTIE, KT DR KIETL920g/L L BT
DY, BEHADLANFT7 1 75— EHABRETH 7.
ZDMDPPCPsIZDOWTIE, WAKPDREEIZEN,
FRAED LCEMEZRL, KFEY Y5 —oBKEE
THM) 7% R EREFICHREINTWSED, Y70
TrF v ZRANNTEY VEQRBRERIZOWTIZ TS
BLDOTIEHRVWEWVWZ S,

BEHI KR & BINAKRICBUT 25 AK, ik
PPCPsO i Ny — v 2l L 7=, ZORE, KA
K, BIHAKICBWT, WAKREDNYFT 47T — Mg
EEERL, BEHRHLFEARECTH -7 T ZTofl
DOPPCPsIZ DWW T H FIEEOREHRPZ R L7z, WK
L LWMMIMERTLTBY, /2, FKFELY I —
ORI ADBEBLSD L. S 5I12F, WAEO
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Fig. 5 Concentrations of PPCPs in raw and treated sewage
water from STP located in SUMIDAGAWA River and ARAKAWA
River basin.
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7. 4#iE, KAt ¥ —TOPPCPs® 1k

WER T % &, BREKNOAM 2R T 5 2 & 2 E)
LT nidz bz,

4. BbHVIC

KRERBEH OPPCPs % 5§ % 72812, A — LC-
MS/MSIZ & % B8k h OPPCPs D — 5 43 #iid: % FE AL L
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