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2 o & ATME HZ AFTEFT FP ko] 840 Z ol ARl B EF(Oseltamivir
ethylester phosphate, OEP)7} THF ARl we} 873 5 2kRs=g detelal, FAH 938 Frkelar
2 SPGE AF sk Atk B EFe] FAEA LA RH|E o € ol 2B (Oseltamivir ethylester,
OE) ¥ EAuAtA] 28] 22k Oseltamivir carboxylate, OA)°] ZE A4 22k 0.008~0.087 ug/L,
0.029~0.287 pg/Le] ML= HAEHU2H, OERTH SYUNAH| (0AYF A o2 =7 HEHJUT o=
AFEF UF o]dQ] A& A Aol vls) OA= 24 =7 vebstey, AlEAF A1717F et
A AR vlale o Zo' deET)

Abstract: Oseltamivir carboxylate (OC) and Oseltamivir ethylester (OE) were analyzed to evaluate the

00“

environmental distribution in pandemic season in Korea. The detected concentration of OE was the range of
0.008~0.087 pg/L, and OC was the range of 0.029~0.287 pg/L.. The detected concentration of OC in this study
was two times higher than reported concentration of OC in river water in Japan. But, these analytical results
cannot be directly compared to the previous reported concentration, because of the different sampling period.

Key words: tamiflu, oseltamivir ethylester phosphate, oseltamivir ethylester, oseltamivir carboxylate, LC/MS/MS

1.M B &2 (Emerging Pollutants)® F=HA =2
AR 710l whet A& o 3 9 EYed

7ol 773k 2] 2FH&2 (PPCP, Pharmaceuticals Ve ths AT A7 Sl - YellA] dEE
and personal care products, PPCPs)°] A 29 374 ¢ a9 b 5o FTEL o]E oJokEA 9 |

j-)i

% Corresponding author
Phone : +82-(0)32-560-7181 Fax : +82-(0)32-562-7330
E-mail : kangyr@korea.kr

— 147 -



148 AR - ARYE - R - 72 - ASE

J il

2 #YE SIS EAolE ZRAE N ok A
23 52 WE7H Aol FA kAL &’l w10
Zt=e] @ - Ha Aol A A, AEA, T2=EA
T B2 TR IR FEAEC] HEHATGL B
LA IS R

el A= 200598 sk, kA e R
S 3 T oFEA U EATE A EHJ LA <)
=20 A8 AFARE 72 84 HH;‘“’ﬂ g A7
ATAF7E LR AT S
S 93k A AT IR g]z] S

gl

<

e a
490 o A A Aol A 2 1A
ol sk 2Ae] A Hglek. 1
Qzke] Beol oJs) Bge oopEAolt M EF

5o M oAFR SeRgeR wA s, A
5 oopa e eapl A 2o
A SJFRAEE HUSRE Ter Hol AuAel 9
& vl frk B0 ARSE JFEAE )P
oetE 4T Wl FHL F 5 = Jow, A%
Ao ol A3 AN A 1ok 4ol
Uehd S itk werd, vlste] 35 B304 o

HEY 29 45 A540E Ploin o, 4

A5 - 5% - A8 -

e - B4

Aol M E QIA S} FEol AHEHE oFEde 3
%] -rlsﬁ*é B7HE f1gk A o] AL Uk ey
TFAAR A7) oFF AR =] A ek AA ol
og go= olgt AWHE FA|H HAle] FA SoiE
7)4\% d]/g,%q_.ll,lz,w-zo
wehbA, & AFolM = gdet oed T H2
ANFEF7F fFaste] 84401 & Fupolg =A<l
E}0] &5 (Oseltamivir ethylester phosphate, OEP)7}
o ARl whet o] ojFEA e FARY Thsd
ol Wl-¢- F AL ® AGHo, B EFo| FAHE
QA EH = o & o] 2F](Oseltamivir ethylester,
OE) % ZAAAIQl B vH = 72 5 A4t
(Oseltamivir carboxylate, OC)9] 3 T AF{FEFE
£ Tetelal olE EUE FAuA IS Hrhek
2} ey skd Tt

N
Q
4
=
ol
P
>
oo
0z
i3

(b) Nakdong River

(c) Kuem River

Fig. 1. Sampling points of four main rivers.

(d) Youngsan River
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Fig. 2. The Metabolism of Tamiflu (Oseltamivir ethylester phosphate).
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Table 1. Physical and chemical properties of Tamiflu and its metabolite

Property

Oseltamivir ethylester phosphate

Oseltamivir ethylester Oseltamivir carboxylate

(OEP) (OE) (0C)

CAS Number 204255-11-8 196618-13-0 187227-45-8
Chemical formula C16H28N>04.H;PO4 Ci6H28N,04 C14H24N,04
Molecular mass (g/mol) 41041 31241 284.35
Melting point (°C) ~194%! - -
Water solubility (mg/L) > 200%! >200* >5007!
Dissociation constants - pK, =827 PK,=3.6, 89>

pK,=7.60% pK,=3.78, 7.81%

n-Octanol/water partitioning -

log Kow=1.21£0.42%12%
log Ko, =0.36*

log Ky =0.006+0.721%
log Koy=-2.1*

Table 2. Review of the Tamiflu and its metabolite analytical method in environmental samples

Sample Sample volume (mL)  Solid phase extraction Instrumental analysis ~ LOQ (ng/L)
Raw sewage water, tap water'® 200 Strata-X-C cartridge LC/MS/MS 15
Surface water? 500 Strata-X-C cartridge LC/MS/MS 1
STP discharge, river water’’ 300 HLB and NH2 cartridge LC/MS/MS 12
Surface water (this study) 500 MCX cartridge LC/MS/MS 1
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¥
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* Dry cartridge with vacuum for 1 min
*MeOH 2 mL cartridge cleaning
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¥
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Fig. 3. Analytical flowchart of Tamiflu and its metabolite.
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Table 3. Analytical conditions using LC/MS/MS

Parameters Conditions
Column Eclipse C18, 2.1 mm L.D.,
100 mm length

Mobile phase
Gradient

Column flow rate
Injection volume
Column temperature
Ionization mode
Spray voltage

Tube lens

Sheath gas pressure
Aux gas pressure
Capillary temperature
Collision pressure

3.5 pm particle size

A : 0.1% Formic acid in water
B : Acetonitrile

Time (min) 0 1 10 12 13 20
Solvent B(%) 10 10 90 90 10 10
0.3 mL/min

10 uL

Room temperature

Positive ion electrospray

4000 V

80

45 arb

20 arb

350 °C

1.2 m Torr (Ar)

Z R ¥ FE 2 (terbutylazine-2-OH) 1 mg/L=E 25 pL
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Fig. 4. Totalion chromatogram and extracted ion chromato-
grams of a blank water spiked at 100 ng/L.
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Table 4. Retention time, precursor ion, product ions, and collision energies for Tamiflu and its metabolite analysis

Compound R.T. (min) Precursor ion (m/z) Product ion (m/z) Collision Energy (eV)

94.08 37

Oseltamivir ethylester 5.2 313.17 120.07 30
166.15 21

94.11 35

Oseltamivir acid 39 285.20 120.10 25
138.11 20

ISTD (Terbutylazine-2-hydroxy) 43 212.16 156.07 15

*The gray mark indicate quantitation ion.
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Table 5. Concentration of Tamiflu in four main rivers

OE Conc. OC Conc. OE:OC

River Site

(ng/L) (ng/L) ratio
H-1 8.0 29.4 1:3.7
. H-2 332 115.6 1:3.5
Han river
H-3 712 243.5 1:34
H-4 83.2 287.0 1:34
N-1 52.9 184.9 1:3.5
Nakdong river N-2 452 167.2 1:3.7
N-3 87.1 239.2 1:2.7
G-1 249 83.5 1:3.3
Geum river G-2 34.7 108.5 1:3.1
G-3 329 98.4 1:3.0
Y-1 81.4 228.8 1:2.8
Yongsan river Y-2 71.5 238.2 1:3.1
Y-3 66.5 193.8 129
Katsura, Nishitakase
and Kamo river point 7 - 6.6-1902 -

in Japan®’
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Surfacewater samples

Fig. 5. Distribution concentration of OE and OA in Han
River site.
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