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Abstract: The analytical method of four pharmaceuticals (virginiamycin, erythromycin, tylosin and cimetidine) in
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drinking water was developed. Effective simultaneous sample clean-up and extraction by solid-phase extraction (SPE)
using HLB cartridge prior to LC/ESI-MS/MS analysis were performed. A linear correlation observed in the calibration
curves for drinking water in the range of 0.01~2.0 ng/mL showed above ’=0.995. Absolute recovery was in the
range of 64.7~118.1% (except cimetidine (37.7~48.1%)). Limit of detection (LOD) and limit of quantitation (LOQ)
in spiked drinking water matrix were in the range of 1.6~74.8 pg/mL and 5.5~249.7 pg/mL, respectively. The
established method can be used to determine low pg/mL levels of pharmaceuticals in the drinking water.
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Fig. 1. Chemical structures of pharmaceuticals.
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Elo] 241 (tylosm)ajr W 2] Y o} ufo] Al (virginiamycin)
< HPLC/UV-visE AH&-3te] 4187 spA et st
< /A o aH o= HEs] flsiAE LC/
MS/MS o] go] ARRH I glom, delignt
o]l (erythromycin) #AF2]4-74 9] waitho] 738}
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ia}ﬂtﬁl oFE-9] WX olufolal, ofg] AFu}o]

A, gol22l & 3% od=d AWE(Fig 1)
LC/MS/MSE AM&&to] @3pdolx ey £ A
dAgo] =A A B wHAIERAY 2
Z17184)e ggstaal shAth A e/ dEE &
HAEoME o5 439 IEHS & A FAA

A A sk WRlol dE Hol glv] W, &

H

SnoH

Tylosin

N

HNJ

/ %_ )
\
Cimetidine

Analytical Science & Technology



HPLC/ESI-MS/MS?| 2] 8t =5 (HF) T < FEZ o B4 459

HE YL HeE@ RS 8 g F 22. 717 ¥ x|
o BFsle gFEA RUEHP QoA 7] LC/MS/MSE Agilent AK(Palo Alto, CA, USA)<]
RAo7 Hr} Agilent 1200series HPLC 2} Agilent 6410 Triple-qua-
drupole El4l 2 =FEA 7](Agilent Technologies, Palo
2. A F Alto, CA, USA)E A3 Th HPLCY AH8-¥ ZHE
<2 Eclipse Plus Cig(2.1x100 mm, 3.5 pm; Waters,
2.1. Ak UsA)el et 4271 gk 28t k(Seoul, Korea)
B EZ Q] wAYolulo] Al o 2] AR ulo] Al o] 9] Supra 22KE AH&-31912 ™ Whatman*HMaidstone,
221, AME Y-S Sigma-AldrichAKSt  Louis, MO, UK)9] GF/B glass o] #}#] ¢} Life SciencesAH(UK)
USA)l A F9)8tg.om AA8 -5 212 (surrogate o] Aelx gxz FE(0.45 pm, 13 mm)E AR5

standard)Q! ol 2] 2= 2 njo] 21-2-3C-& Cambridge isotope ATt

laboratoriesAHAndover, MA, USA) A| &2 AFE-3}3] 3L, A4 FZ(SPE) 7FEZ| A= Oasis HLB (Hydro-
FETFEAZ AME-E HEEHZS Flukark(Seelze, philic-Lipophilic Balance, 60 mg, 3 cc)& WatersAHMilford,
Germany)2| Z5% Al kg ARE-31IT Massachusetts, USA)2] A& AFE-3F9 3L vacuum

w ek} ol Evje] EZ-S JT. BakerAHNJ, USA)2] manifoldi= SupelcoAH(Bellefonte, PA, USA)2] A &S
HPLC 5% A1<S AMg3, 32H2 Junseirh ALE-&FA T A4FS7]E Caliper LifescienceAH(Seattle,
(Tokyo, Japan), $F5F oA Bl ©] Ei= MerckAH(Darmstadt, WA, USA)2] TurboVap LV T=7]15 AFE3t3 o,

Germany) Al&FS AFEsIA o, S/HF= Milli-Q vortex mixeri= Vision ScientificAH(Bucheon, Korea)<]
system= 53¢ 33} SHFE AHESITH AFS AT

Sample 500 mL

= 25 1L of surrogate standard (10 pg/mL)
v
’ Adjust pH 6.0 with 35 M H,S0, ‘

= Conditioning HLB cartridge
- 5 mL of acetonitrile
- 5 mL of water

’ Sample loading : 10 mL/min ‘

* Washing with 10 mL of water

’ Dryness SPE cartridge with N» ‘

* Elution with 1 mL of 10 mM ammonium acetate : acetonitrile
= 25 uL of internal standard (10 pg/mL)

’ Filtering with disc filter (0.45 pm) ‘

’ LC/ESI-MS/MS (10 uL injection) ‘

Fig. 2. Schematic diagram for the sample preparation of pharmaceuticals in drinking water.
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Table 1. Retention time, precursor ion and product ion of pharmaceuticals by LC/MS/MS

Pharmaceuticals R.T. Precursor ion Confirmation ion Quantitation ion Collision
(min) (m/z) (m/z) (m/z) energy (eV)
Cimetidine 5.3 253 94 117 159 10
Erythromycin 6.1 734.4 522 576 158 20
Tylosin 6.3 917 101 772 174 40
Virginiamycin 6.3 526 337 355 508 10
Erythromycin-2-1>C
(Surrogate standard) 6.1 736.6 578 542 160 20
Terbutylazine (ISTD) 59 212 86 114 156 20
23. MEuy =71 S AR 271 718 = 5%
231 EEEYO| HZX O] 3% Bl 85% = AP Aoz WA F
20 EEEAT PREFEAL HLS 8%l 63 Bt AT ol E el £5E 03
AF8-31o] 1000 pg/mL E+= 100 pg/mLo] H =5 A mL/min®] o™ A5 A% 10 pLelSiTh.
FENE WHERler, 20 °Col WErd F oA AL 7E A7l 23HES]) Fol(+) B=
AAs w7} HEE B384 ste] ARR-El ) 9} MRM (multiple reaction monitoring) W8-S A3}
A2, capillary voltage= 4 kV, =F71A(A4)2 &

gt} Wt HeE ol HF3|
A AB7] $130A 4 Lo F Ao AIEE A F s
T ZA] ascorbic acid®} sodium thiosulfate anhydrousS
F2}F 250 mg/L, 100 mg/L7} H =& Yo] Fch A
g AEE 4°C o387t FAEL 77189 eHo]
= el Baagict
A AE 500 mLol] B A-E WF-3E =4 (surrogate)
Q1 o g 22 mto]A1-2-¥C (10 pug/mL) 25 uLE H7H3+
F 35 M SiHE ARE3l] pHE 622 2™ 3T
Oasis HLB (60 mg, 3 cc) 7tEZA S AZ7gA=
(vacuum manifold)®l] &2t & ol Evo]EHY 5
F7#5 5 mLE B3AA FHIEH T EHlE
FIEA| ] A EE 10 mL/min®] %2 A A7
AA7F B JFEE A S/ 10 mLE E850]
o Foll AAE AHEEt FtERAE AZRAT
10 mM &EFOHEIC)E(pH 6)/0 1A Erto] E & (50:50,
vv) E3HE | mLE B8 EE S SEA AT o] £
Ao WHEFEZQ HFE (10 pg/mL) 25 uLE
YL 045 pm A AZAZ F 1 mL 24 v
o A LC/ESI-MS/MSel| Fsle] B4 51 th(Fig. 2).
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233, 7|7|2M =#A
ANE BE8Z 9% HPLCY °]FA-E 20 mM 4R
FoMEIoIE(pH 6.5)8} ol ELto]EH 0| ow 7]

—
a

= 350°C, 714 %< 10 L/min®] 2™, MRM
EAL 93t 0] 5L Tuble 19] YERNSITH

3.

3.1. HPLC/ES-MS/MS AHIEH

LC/MS/MSol| A AW E] 3} 2] ~Zrlo]Ale 53
27 6.1l SEH UL, Elo] 241 WA Yolwlo]
A8 637 F-&2(co-elution)F R o} A )
Ego] &g7] wjEel A - A4 A= £A47F 8l
AcH(Table 1).

WY AR el kBT Aol L 4
o

ol EES &7 SlEA et e AA 3
Atk WA, ESI Fol&(+) BEE AMEES full
o

scang FAA AFEIAEH S 42 F, 7]
(base ion)< A -] & (precursor ion)> & A& 3}%
oh AEE Mol HAHe] FE oA (collision
energy)E 7FE O 22X PP I 2 Aol
(product ion)S THEojA] A7 8l HAG G AHE
g 4 AT

4% ooFed BRI} [M+H]0] AFoleoz Ad
A= AHE Y-S m/z 253, dlg]2=Zuo] e m/z
7344, B}l ZA1& m/z 917, WA Yool Al e m/z
5260130t Aol 2E FollA 7P Al717F 2 o]
A 7ol 2(quantitation ion)> 2 ABE o A< =
719] o]2E0] &9lo]L(confirmation ion)S-Z A& 5]

o] B3RS sh=dl AR-EITH(Fig. 3).
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Fig. 3. ESI product ion spectra of (A): cimetidine; (B): virginiamycin; (C) erythromycin; and (D) tylosin from spiked blank

drinking water.
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MRM EE=2Z 2243 TIC (total ion chromatogram)3%}
EIC (extracted ion chromatogram) 4 Z}5 Fig. 4ol 1}
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X0z ISTD.2 34
] TIC
x102 1
2] M/Z 253 - JL Cimetidine
x102 1STD
M/Z 736.6 — /L Erythromycin-2-13C
0
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15] M/Z 526 — A Virginiamycin
0 — ~
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Counts vs. Acquisition Time (min)

Fig. 4. Chromatograms for TIC (total ion chromatogram) and extracted ion chromatograms (cimetidine, erythromycin,
virginiamycin and tylosin) in spiked treated water sample (2 ng/mL).
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Fig. 5. Chromatograms for (A): cimetidine; (B): erythromycin; (C): virginiamycin; and (D) tylosinin in blank treated water

sample.
HEs XFEES v Al &% H7Kspike)stod A #T AXA ZE FEEE TR AUE B
AR AT BHE& AX F LCESI-MS/MSE £4 o 4 Ay 358 Z2AHAT Al 7 x|
stlem WHEEHS AREste] AFAE el A A I5EL 37.7~118.1%2] %k*’ LHERA A

ok AFAe WA ok AFPAC) wek B2 W AplEEe A AgoR e 458G
A AHEST, 000520 ngiml ¥EE AYFHO 48190 YeRASITL AUEE ekl 4rEEn
2 AAsR o™ AAA TP 7F 09950102 T ZHRSD)E= 6.6~17.7%EA 22 FEO|A| 7k A 4 2

942 LERNLTH Table 2). 2 YR YUES HAFID, Table 390 4F 919
b elN ] ROl 0120 ngmL % o Bde) A% Fo) AFWA} JFe, dn) 35
OFEZ WFLNS AT Arie T AFE AAIAE A 2 AU =5 YeRf AT
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Table 2. Calibration equation and coefficient of correlation for the quantification

Concentration range

Pharmaceuticals (ng/mL) Linear equation Coefficient of correlation ()
Cimetidine 0.1~2.0 y = 0.8999x — 0.0055 0.9950
Erythromycin 0.005~2.0 y =3.9761x + 0.0144 1.0000
Tylosin 0.005~2.0 y = 1.8150x — 0.0146 0.9991
Virginiamycin 0.1~2.0 y = 0.7918x — 0.0539 0.9951
Table 3. Absolute recovery, limit of detection (LOD), limit of quantitation (LOQ) and precision
. LOD* LOQ** Conc. Recovery RSD(%)
Pharmaceuticals (pg/mL) (pe/mL) (ng/mL) %) (n=3)
0.7 47.0 152
Cimetidine 74.8 249.7 1.0 37.7 6.6
2.0 48.1 11.5
0.1 93.2 4.4
Erythromycin 1.6 55 1.0 105.6 9.1
2.0 118.1 6.9
0.1 64.7 49
Tylosin 4.1 13.8 1.0 67.6 12.1
2.0 78.4 9.8
0.7 106.3 17.7
Virginiamycin 38.7 129.0 1.0 85.3 8.5
2.0 67.8 4.7
*LOD : 3 s/m, **LOQ : 10s/m
7k elekEd o] AE A (LoDt g FEA(LOQ) 4.8 E
£ wggre) EFEAS 2% A/en Fadl
o o date vat A WA, A4 HES £ =R A& HPLC/ESI-MS/MSE ©]4-3te] ¥
of Fete FERE ETEHS 7 o] A=H =) Tl IFste ot 4FMEA Yool A,
olg o] gl vte =7l 2FH7Ie ¥ &9 olgjazutoldl, Blo] 24l B AJHE[d)E FAlll 24
A ARAAe) gt AAe @ F AR sk e Sgelsith Sl daiiel o &
2YEH =5 SAAY ST g2t Y 2E Al 3t=H ascorbic acid$} sodium thiosulfate anhydrous
A E Fo7, ABHoBRY AL 7187m) B AAReRA AR AF F 1A Ba B4
#e vEoE AEFFA(LOD)E 3 s/m, B FEHA Al Wl E e ATk
(LOQ)E 10 s/moZ Alkste] 3t AlAte & g BAUhH e 715(5.5~249.7 pg/mL)7F £,
S} LOQY SFehe BEE T uhg 5ol 23 FUESL Be PHoBM A5 S AR o
H7} ehel Dlo|2g Felalddr). ozl szvlole] B FaAl Ao, W) YEA A
7% LOD9 LOQ7} 1.6 pg/mLe} 5.5 pg/mLE oA AFH S A HeES B4 29 25 J
ehislen AvElde] B9 4714 22F 7P = A o] 5ol Tt

& AETA(74.8 pg/mL)2}F A FTA|(249.7 pg/mL)
£ YeM A tH(Table 3).

20099 8-9¥ 3 11¥9 47 &9 A=A 207
Aol tisiA] Y2k X5l tisiA Y-S 2
I 4FF JFEHe] JHFIA ooz HEH o

= *io
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