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R A TR —LC/MS/NS 351 & HIKEh D

MAVINIT T OAIRES I UEFIED PPCPs D 54Tk E

AOfe ', ERER | SHEH Y WRREETF L NMKER?

D BRI KA R A A IR FL
P B IR > 5 —

AETHHEK 238 ©COKBRBE ISR T 2 R S — v 7 BRI Bl 5 TR B LW (PPCPs) D IERE & 2684 23K
ESBHALNTT B0, Pl VTN FTANRIE (X I 70 EZORFME LY L) EHED PPCPs (I 7 =1 2, b
NeBEY, NIz myy, M7 arAHANY) ORBLEFIR-LC/MS/MS LI K D o0 EfRG 21T - 7. AeFgECix, (1)

LC/MS/MS IETOSHTREEE, (2) EHHE TOBRMES: GRIEORE) IO Q) IRMEMGREIC DWW TR L, U Lo ak
< 6 Fl> PPCPs DM L7 Gefba Rl Lic. F7z, FEREKPDO~ MY v 7 AROEBE T 2120, RAEARIEDR

ARz chor-.

¥—U—F: %7/, PPCPs, LC/MS/MS, ~ bV v 7 ZREh5E, FENIAFIRIE

KEEEEHITIRA T D BRI/ S— Y v 73
m B IC Bk 5 AETE B E W E (PPCPs :
Pharmaceuticals and Personal Care Products) %, 7KEg
B2 G949 DT 72 b e & L CEBRAIZE.L A
EE-TUWS (USEPA). ZH#biE ppb LA & e
Th b RAERE R OB TEHIMR I oD H B
DIFEERINTERY, KEEPIZI T 5 PPCPs D FEHE
LEBOHRENRAIR THDL EBEZOND.

I Z vk CHEEE T )1 (Nakada et al.,
2008) CEHSEOE TN RS, 2009) 123
{7 % PPCPs DBFFEAMTOALT X 72, Fx IXFFE (L
-GCMS IEIZ LD 7 =4 (CAF), N A"<EE
> (CBZ) BX WK U 7 a# 2 (TCS) @ 3 fid> PPCPs
DRIRFATIEZ BT L, SKEBRAOHHTE R L O
FIER D /AN RLPRIBHUAR D K & W EE NI T D
Z U5 D PPCPs DEFE L~L & FREZA L D R %
LML TER BIIE, K, 2013).

—77, EE, EBROFEERIKENLHA 7

TP T AR (X I TV) ORHBEHE ST
Y (Ghosh et al., 2010), BA 7NV HFA )L
ADIE EDKESDNNAKF T IO ICHEE S -5
B, I TIVIMEA TN W T A LA DIEAENR
BEIh TV (RS, 2010). 2729, BEFO
PPCPs 721 T2 <, A v 7AW oA L 24 %E
el | KT PPCPs D F2HE & 28 B 2 #0835 =
ENEETHD., LHLRRs, ZhE CHEEOH
ATV P T A NAIED B Z G L LTc ok
BIRITHE SN TWD H DD (Ghosh et al., 2010,
Prasse et al., 2010), Z L6 & Z Do PPCPs % 3h=%
F < FHlT & D HriERRRITEN TV .
AWFTETCIE, Ay TNV ALV RIED H
7V (OP) &ZDREHY (0C) BLELVY L (Za)
EHx DYEATHIZE (ORI, 2013) Txf%E L7z 3
@D PPCPs 2 U 7 a Ry (TCC) Iz 77 &
® PPCPs & %42, [FNARAIR-LC/MS/MS 11T K
D ONED BB 21T - 72, 2 2 TIEE OMatE
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REWETD.
HELFE
BREHRIEEMERE

FLITHRERIRIEEH L T O FE et E Ry, =
AU OREMEERIE, FEAERRIE & 7 1 E R (R
HikEHL Toronto Research Chemicals f, Sigma-Aldrich
) ZREECEEARL CHWE. Za 2R 7Y —
U7 TEREIL, OP-d;, OC-d; (Toronto Research
Chemicals ), "“C;-CAF, "“Ci-TCS, "Ci»-TCC

(Cambridge Isotope Laboratories #), CBZ-d,, (C/D/N
ISOTOPES ) % ZiZ st T e AR L THn
72.7 FED PPCPs & Za %< 6 FEOD % & [RINAREE %
LB OIREIEERRT, IRAERIR & B ARSI ©
WEHARE, BECEECH -2 vz,
LC/MS/MS 1 EAHNEEREX, 787 =—F (ACP)
-ds & 4-7 a7 = ) XU (CPA) -ds (FIOLATIZERL)
Tz BREHAE L, FRR L - PCB 20T A (5000
FEyRfE S, FOCHIZER) ZFvwe., BRkixT Vo
A UV6I THREE L7 b D& HW .

K1 BANRIEEWEYIE

. . Water solubility 12 12
Compound CASRN. Chemical stracuture b LogKow"”  pKa'”
(mg/L)
4
iy
Zanamivir 139110-80-8 o 'ﬁjm 18,000 466
) o
4 Hi M
L
Oseltamivir Nr?f
(op) 204255-11-8 er\f’l‘nn\ 1,600 0.95 77
o T
S
Oseltamivir carboxyrate 187207-45-5 r"j"",v[’\\\[ﬁ‘m o1 16
©0) e ey ’ - :
g

CH
Hs
Caffeine H‘C\N&‘
(CAF) 58-08-2 O)\N P> 21600 -0.07 10.4

Carbamazepine

(CB2) 298-46-4

Triclosan

(TCS) 3380-34-5

Triclocarban

"
O Mo B
(TCC) o202 L TR [ 000237 490

1) PubChem: http://pubchem. ncbi.nim. nih. gov/, 2) 3k Prasse
et al.,2010.

LC/MC/MS BITE S

ME 1L LCMSMS > A7 I (API4000, AB
SCIEX #) ZMHW/-. 7 7 A% Atlantis T3

(Waters #), BEhFHIX A 1% : 0.01%FE2+0.5 mM
HER T > E =7 AR L BK : 0.01%FH2+0.5 mM
KR T v E= U LAEHAX ) — VDT T
L7z, 77 Ayt 200 pL/min, 7 7 AIEEIZ40°C,
TEAEIZ 10 pL & L7=. Za, OP, OC, CAF B LW}
CBZ X ESI AT « 7¥E (ESIH), TCS B XL OTCC
X ESI % A7 ¢ 795 (ESI-) % fAvi=. MS/MS JIE
A AN, EEREZHOCCTFIABLXOA V72—
Va EICEVIRET LR E WS (3 2).

LC/MS/MS I FBEDRE

7FED PPCPs & Za # < 6 FLD % E RN A AL
B ORGIERER 2 A\ C, HEEMRH TR (IDL),
ECERELDH, RF 38 K ORI UHIE O BB 2 /it L
7= (n=5).

B ETOBEHEEO®RE

AR A CTOWMEEY, 72 Fv (Ac), HE
fg=F /L (EA), A% /—/ (Me) &ZhbHDEA
W (%11, 14, 41, viv) & L7, EFEA— R
> PIZ HLB 6 cc Vac Cartridge (Waters £, 200mg)
Z 7o, pH 3.5 ICFRRL L 7=tk 10 mL IZIRAHE
YEIR 2 L E IR RSN L3R 2 AT — R U > 2T
WEIEAE, BiK, WHSE. IEHKREZ R - @
B L, A% =R S 73 UBHE & ik &
EEERGY, EAAPNEELRIL, WEsE s
L7z (n=1). BRI, B HEBHORAG R ER & 8
ERININE, MatslEt & [ U FIECHRE L7 A
BHa R, AN 2 Z 210 PPCPs
ORI A I L.

B ER
T pH3.0 (ZFREY U 7= Bk d L ONAl) 1 KRB
(200mL) (Z, PPCPs D FEIK IR EE N2 E 4 12.5,
62.5, 200 ng/L & 722 X O IZIRAIERER Z AN L7z
OB (LU, &, 1, mREEECED &2 AV CEIGR
BrAa1T o7 (n=3). RIALERRS L OVEIEE O H H I
HAEER R & R CFIE T - 72
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LC/MS/MS RIFEFRE DIREHHER

IDL 1% 0.004~0.58 pg/L, EAREPHIL 10°~10° TH
o7, RFAE CFH¥) 130.025~1.06 OFPHT, D
N7 % (RSD : FHAHEHER ) (13 4.6~12% TEAF
IERTHoTE (F2).

K2 MWSWSHE1 T > & FEREEDRE#E (n=5)

Compound m/z IDL Range RF RSD
Qi B ) Ggh) (1) (%)
ESI+
Za 333.0 — 599 0.03 1.0-200 0.025 12
op 313.1 — 1660 0.004 1.0-200 1.06 85
OP-d 316.1 — 211.0 - - - - -
ocC 285.1 — 1972 0.03 1.0-500 0.672 8.5
0C-d 288.1 — 2000 - - - - -
CAF 1950 — 1379 058 5.0-200 0.756 4.6
CAF- 198.0 — 139.9 - - - - -
CBZ 2369 — 193.0 0.005 0.1 -100 0.150 7.9
CBZ-d 247.0 — 2040 - - - - -
ACP-d 189.9 — 1488 - - - - -
ESI-
TCS 286.8 — 350 0.06 1.0-200 0.695 11
TCS-PCcs 2990 — 351 - - - .
TCC 3129 — 159.8 0.03 0.5-500 0.731 6.8
TCC-PCs 3188 — 1597 - - - - -
4-CPA-ds 1908 — 1308 - - - - -

IDL: Instrumental detection limit, RF: Response factor, RSD:
Relative standard deviation (%)

BRI A TOBRHBEOKREHER

MREHAEED 5 6, H—io Me SIRGEEED
Me/EA=1/4 DIRHFRIT, Za ZERT 100£30% LA
LRIFRFERTH 7. Za DIEHRIL, BEHAED
ETTI0%RE CTHo7e. ZDwd, UBOHHTT
1% Za A RRERIL 0 BERSN LTz

WIZ, EHEROFERN RITF72 Me & Me/EA=1/4 |
OWTHBMEOMREIT 72 (n1=3). TOREE,
Me/EA=1/4 TOEHFEIX 71~116%, RSD IT 0.4~
14% LR TE DR TH-7- (K1), 2 bk
s, LB ORG Tk Me/EA=1/4 ZVEHIARLEE L
THW=.

160
m Methanol O Methanol / Ethyl acetate=1/ 4
140 |
120 r
9 100
5 80 f
2
S 6o f
40
20 -
0
ocC CAF CBZ TCS TCC
Compound
&1 BHEOBRMEOER (n=3)
AN EMRELER DR EHFER

% 3 ICIRINEIGRER OFE R 2R3, MG
Ba, K - PIREERUECIX CAF ZBR\V TRIGERI
67~114%, RSD £ 0.7~17% T ->7=. OP &£ OC T
RRNTYERRENEDD, WRETEHHETH
S72. CAF OBEIERIIK « FRERECIT 141~
154% & &<, 7T v ORBPTRBR SN, miRE
BT, [BILERIX 69~99%, RSD iE TCS & TCC
D 1T~19% ERRNT Y XN RENHDD, ZDfh
X 10%LL T Th o7z,

TR OGS E, K - PR TIX OP, OC
B LV CAF ZFRV T 87~125%, RSD I
24~15% Tl 2 TZ DM R Tho7o. miERET
L OP Z PRV NT 88~127%, RSD 1% 2.6~15% Clifj /&
TE LR TH o7, K - HREFEID CAF T,
FBRKRELE R UL 79 v 7 OB REZ 1T T,
—J5, OP BLWOC IZ~ bV v 7 ZADEENRIE
N7z (Prasse ef al., 2010). Z D=8, FNZFD

&3 FMERERGR (2%, n=3)
Ulra-puufied water River water
Compound Low Midde High Low Midde High
Avng RSD Awrge RSD Aveng RSD  Awng RSD Awnmge RSD Aveng RSD

0P o7 13 0 15 40 Be 1 I8 1 1 6l
0C 09 30 14 1mo% 24 B0 8 BT80N
CAF 4 16 W4 1 m M B 78 1 17 16 28
(B B 8 % &m0 & 1 8 S0 8B 6b
1C§ § 46 05 B %9 11N Mo nouon
T0C B0 B9 99 24 15 9 I 1S

LOW : EiREERLA, Middle : AUREESLM, High: &SRB, RSD:
A RERE
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PPCPs & it 9™ % 2 [N IR sk b A O i fs b &
FEMEIZ LT[R Z /it Lz, ZOREE, Ml
A TOREFT OP L U0OC DFEILHEIT 100=10%,
RSD 1% 5% A & BIF 7o Ch o712 (F4). ek,
CAF %R\ C, ZDfthod PPCPs b AR 72l CTdH -
oo 2OZEML, ERBTTOS NI v 7 ADE
BT 5121E, ZEFNAEEBAAWIZ X DM
ENFZTHD (Prasse et al., 2010) EEZHND.

= A ZEACHAZEE S EFF RN AR
R (EH{7%, n=3)

Ulra-purfed water River water

Compound Low Midde High Low Midde High

Average RSD  Aweage RSD  Average RSD Avenge RSD  Avenge RSD  Aveng RSD

0 29 14 208 14 9% 25 W0 0 97 48
0c % 20 % 07 % 26 % 6 9 04 9T 3
CAF 55 10 16 77 100 46 B8 B3 I4 86 10 85
(Bl 03 20 106 20 9% 34 9% 30 05 12 14 45
TS 03 67 104 S0 100 14 106 26 103 72 102 18
T0C 9% 40 102 30 % 6l 9% 40 13 20 % 85

LOW : {EiRMESM, Middle : AiREESM, High:SiRESM, RSD:
AxFEERE

HEE

ARBFFEIE, FRHRSLRZVRR 26 4FFE PESEE -
HFERFFEHEE R KOS RZ T T T -T2, T ZICRD
LTHEZRLET.
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Analysis of Anti-Influenza Drugs and Several PPCPs in Water Using
High-Performance Liquid Chromatography/Tandem Mass Spectrometry and
Isotope Dilution

Osamu Kiguchil, Takuma Watanabe', Rokuro Konno?, Akiko Matsubuchi’, and Takashi Kobayashi2

! Department of Biological Environment, Faculty of Bioresource, Akita Prefectural University

2 Akita Research Center for Public Health and Environment

To efficiently assess the condition and behavior of pharmaceuticals and personal care products (PPCPs) in aquatic environments released from
domestic wastewaters, we analyzed anti-influenza drugs (tamiflu and its metabolite and zanamivir) and several PPCPs (caffeine, carbamazepine,
triclosan, and triclocarban) in water using high-performance liquid chromatography/tandem mass spectrometry and isotope dilution. In this study,
the analytical conditions for LC/MS/MS, solid-phase extraction (extraction solvent types), and recovery of target compounds in water samples
were studied. The optimized conditions were then successfully applied in the analysis of target compounds of tested samples. Recovery results for

target compounds revealed that the isotope dilution method was necessary to reduce matrix effects from real samples.

Keywords: Tamiflu, PPCPs, High-performance liquid chromatography/tandem mass spectrometry, Matrix effects, Isotope dilution
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