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Abstract: An effective analytical method has been developed for the determination of B-blockers(atenolol,
metoprolol and propranolol) and 6 B-lactams(amoxicillin, penicillin G, cefaclor, cefadroxil, cephalexin and
cephradine) in water samples using two different cartridges. The samples were extracted by solid-phase extraction
(SPE) with the usage of polymeric hydrophile-lipophile balance(HLB cartridges) and strong cation-exchange
mixed-mode polymeric sorbent (MCX cartridges). A XDB-Cg column(1.8 um; 3.0 mm x 100 mm) was used
for the sufficient chromatographic resolution. The calibration curves showed good linearity with high correlation
coefficients (>0.995). The method detection limits (MDL) and the limits of quantification(LOQ) were from
1.1 to 3.9 ng/L and from 5 to 13 ng/L, respectively. The method was applied for the determination of the
target compounds in tributaries and raw water of the Han River and these were found at N.D. to 0.209 pg/L.
2 o E AR Fo Rste pAA 3ZCHEEE, WEZEE, T2xe=E)d g-HEA A 6
B, VARG AstEe, ATESY, AT, AZee)E e T R0 AEaAE A
2ol EAUMH S A YAl LEA} X144 X184 +8 7HE 21X (Hydrophile-lipophile balance,

HLB)¢} 7331 9ol w3l &3 29l vE2} &= FFEZ]X](Mixed mode cation exchange, MCX)S A}
43l A5 A 272 (Solid-phase extraction, SPE)2 A2 & 1ttt FE3 A2riEady] &

£ 98l XDB-C5 (1.8 um; 3.0 mm x 100 mm) 2HE ARESIITh A7S 913 A=Al A
@7} 0.995 o) o2 43k F XS Vet W7 E3HA| (Method detection limits, MDL)2}F 7 %
S| (Limit of quantitation, LOQ)E ZFz} 1.1~3.9 ng/L9} 5~13 ng/Lo|ith. o] Eajuwlo g alo g &
Ju= AHF 955 He) 24} & A3 ND~0.209 pg/ll S=Z HEHATh
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g Adste] mmgo A AXE HAsAh T8
AT AA ZRuE2 Z(High performance liquid
chromatography-Tandem mass Spectrometry, HPLC-
MSMS)Z H 2 o] BH xS dAste] A=deE
stgon], AR BAPS olgste] BFoE f
£ A3} 952) ArEALE A sl
2.4 H
21. Al 2 M=
Atenolol, propranolol, metoprolol, cefaclor, amoxicillin,

penicillin-G¢] EFEZ 2= Sigma-Aldrich*K(St Louis,

Table 1. Chemical structures of B-blockers and B-lactam antibiotics

Chemical Chemical Chemical
Compound Structure Compound Structure Compound Structure
Atenolol oH Propranolol ~ Metoprolol m
CAS No. . o AN CAS No. Ll o T4 CAS No. f-h,,ou,)».,,u\rm
29122-68-7 )K@ T 5250666 I: T 51384-51-1 W\ly b
pKa 9.6 i pKa 9.5 : pKa 9.7
Cefadroxil NHy Cefalexin e Cefaclor NH
CAS No. mn Us CAS No. (\jfk,fn s, CAS No. Q/gﬁn Hs
50370-12-2 Ho ° oﬂf\% 15686-71-2 © j;Nr /]\ 70356-03-5 © OJ;B%LCI
o

pKa 2.6/7.2 07 oH pKa 3.4/7.4 o,,l‘o“ pKa 2.4/7.2 o
Amoxicillin M Cefradine ° PenicillinG H
CAS No. R e CAS No. ©\)L T CAS No. @Arr”ﬁs

HO S, T N .
61336-70-7 ¢ }Tf 38821-53-3 Ny H}”%om 6130-64-9 °5 ”J/
pKa 2.8/7.2 &% pKa2.6/7.3 cooH pKa 2.8 oo
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MO, USA)9] A Al9FS AME-31 ). Cefadroxil =
cefradine Dr. Ehrenstorfer GmbHAM Augsburg,
Germany), cefalexine> USPA} (Rockville, MD, USA)
o IEE AlFS AFESIATH HAREELEA
Cambridge Isotope LaboratoriesAHCIL, Tewksbury, MA,
USA)2] BCZ %8HE amoxicillin-"C¢3} Sigma-Aldrich
ASt Louis, MO, USA)9] atenolol-d, & A}&3}$3 o}
HEHE, o BV EY 59| vl J.T. BakerAh(NJ,
USA)9] HPLC G+ AloFS ARESFA A, F4FS Sigma-
AldrichAK(St Louis, MO, USA), o}¥| E4Fe DUKSAN
AHGyeonggi-do, KOREA)®] A k-8 AL8-8F31T}. Waters
A}e] Oasis HLB (200 mg, 6 mL)2} MCX (150 mg, 6 mL)
FIEZAE ARS-SFA T

22. 7171 & Ex|
A 88 FEL A5 A F27%3](Dionex Autotrace
280, Thermo Scientific, USA)E AF&-319oH, F574

X+ BiotageAH(Turbo Vap LV, USA) A4 SHkgZ7]
E ARSI AR As F4717E A s o

A AZvE 2 Z(Agilent 1200 Series, Germany)<}

@ Sample 500 mL

« 1 mL5% EDTA
«3.5M H,S0, pH 2
« 50 L surrogate {1 mg/L)

SPE

* Conditiening casis HL3 (30 pm, 6 c¢, 200 mg)
CHsOH 3mlL
CHCN 3mL
0.5N HCl 3 mL
H0 3 mL
* Loading 510 mL (10 mL/min}
* Cleaning 3 mL H,0
* Drying N, (40 min)
¢ Elution CH;CN 3mL+3mL
CH;CH 3mL+3mL

Evaporation
Ny 3 psi, 25°C, 90 min

Reconstitution
0.1% formic acid in H,0 : 0.1% formic acid in CH;CN = 80 20 (vv)
500 uL

LC-MS/MS
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Triple quadrupole & & 4] 7](Thermo electronA},
TSQ Quantum Ultra, USA)S Al&-3l] AR E &3}

At 22 Agilent XDB-Cig(1.8 um, 100 x 3.0 mm)
£ AR

23. A2

A7 HdAE E B4 WS o &3t gt
Ao} B-eA FAAE B4 5] 8 ez f
du= AA F ZEL g3 45 A S AR

st ARG AA A ARl AHE 4L 24
HEWPTFE 298 Avhe 42 w2 AHgs)
gom, ARt YIRDBE Otel TFsd FA4 B
4stent.

H

24, MEuH

241, EFEAde| =x|

B-2rtA| 9} B2 Al GAA = wEE 3} oA Evte]
EZ] &3)35te] 1,000 mg/Le] EFEYAoz ZA 3
T, SR EL| EHR 34 3to] 100 pg/L
TE&HE At AP LN ] A Fxo wet A

%

TEe %

@

Sample 500 mL

+ 1 mL 5% EDTA
+ 3.5M H;S0, pH 2
+ 50 L surrogate (1 mg/L)

SPE

* Conditioning casis MCX (6 cc, 150 mg)
CH;0H 6 mL
H;0 3 mL
* Loading 510 mL (10 mL/min)
* Cleaning 3 mL H,0
« Drying N, (40 min)
« Elution CH;OH 2mlL
2% NH,OH in CH;0H 3 mL +3mL

Evaporation
Ny, 3 psi, 25°C, 90 min

Reconstitution
0.01% acetic acid in H,0
500 L

LC-MS/MS

Fig. 1. Schematic diagrams of sample preparation using HLB cartridges (1) and MCX cartridges (2) for B-blockers and f3-

lactam antibiotics.
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23] 3]415ke] AL A EFEAEL o E Table 3. Precursor ion, product ion and collision energy of
L}O]Eai 24, 84189 1000 ug/ o EmE Ale B-blockers and B-lactam antibiotics
sk, Compound Precursor Ion Productlon  Collision
Name (m/z) (m/z)  Energy (eV)

042 AlZo| FMHa Atenolol 267.2 }:g.g Tg

AlEE 1.2 um glass microfibre filter2 12} o 2}35}3L Propranolol 2602 182:9 19
0.45 um PTFE filter2 2 2} o] 3t lth. 5% EDTA- 154.9 26
Na, 1 mLE 71813l 3.5 M 84S 3718k pH 22 156.9 20
z2A 39Tk Metoprolol 268.2 158.9 21

Oasis HLB (200 mg, 6 mL) 7HE 2] x| & v ehe o} igﬁ‘; f:
M EYo E"—’J A} 222 3 = L .

I=el 24, 05 N s o _}EJM 3m Cefadroxil 364.1 85.80 28
/V\] E“’]'/\]ﬁ 7‘] ] ?\S_].' _—‘iz, A]E—% Z_‘]IZHS_?_ ;élﬁ\—'é_ O] 113.8 24
43t 40 B7F Ax AA 52 oM EYO|EY 346.8 4
I WegE g9 en FtEAE Axe 7, Cefalexin 348.1 105.9 29
0.1% F4to] 5ol e SR ot EY|EY n7.8 3
(80:20) 500 pLE A& sy 139.8 29

Oasis MCX (150 mg, 6 mL) 7FEZ Ao H &L Cefaclor 05 ?8598 ii
6 mL, ST 3 mLE EHEY FtEAE AYA 117_'9 35
g & AIF 500 mLE 10 mL/min =2 HAAIS. Amoxicillin 366.1 113.8 19
z]Ay].)\i 40 B7F 7IEYR S 23] AN F, 133.9 38
Hekgo] 2% AR ES €S 89 3 mL, 232 348.9 10
S 7T 889 A AZ7) (BiotageAt, TurboVap® Cefradine 350.1 90.82 36
LV, USA)E ol §eled 3 psicl Aa 33 sol 94 e "
3] 2wk Ab Z2 2= —

81 AL F 0.01% SHEAC] SoAlE SRF oG 335.1 113.8 3
(pH 3.5) 500 pL= &-33te] 2 mL 2 vfo] ol & 160.1 23
7] HPLC-MS/MSE EA3tath #xg ZE5& 175.8 1
Fig. 13} 74}, Atenolo-d; 274.2 144.9 31
189.9 20

o
243 HPLC/ES-MS/MS Amoxicillin-~Cg 372.1 ;;451(1) 138

0.1% EAHe A7 AASFE o8 AR A3}
AL, ot EVO|EZ S oA BE 311 tH(Tuble 2).

Table 2. LC-MS/MS conditions for analysis of B-blockers and B-lactam antibiotics

Column XDB-C18 (1.8 um, 100 x 3.0 mm)
HPLC Mobile phase A : 0.1 % formic acid in H,O, B : CH;CN
Gradient min 0 3 6 12 14 16 20
Gradient B% 10 50 100 100 50 10 5
ESI positive
Gas Temp. 250 °C
Gas Flow 20 L/min
MS/MS  Nebulizer 25 psi
Sheath Gas Temp. 300 °C
Sheath Gas Flow 12 L/min
Capillary 4000 V
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MS/MS 5] &40 Ol %ol AHg-at
= ol ¥ pHE Terﬂoyﬂ Ay ®Ho
Al A *e‘\j/]-%—é‘ 15 (silanol groups)2] ©]23}E
23lste] & 7Ee] 935 fA|s7] Yol
AR F9A 1717 Aok [MHH] 7F LRk

2l o] 23} Pejolm & ESI Yol REoA Ate]
I o], 273 ol g Adate] B35
AeFol 3 FAgolg 47| A ol (H)R =0
A full scans 3 A SFEHS A& 5, 750
2 (base ion)= Al--o](precursor ion) > Z 7\% 1237

o} AglE Aol A FE oy A (collision
energy) S 71O 2 M Y E Y et =& Aol
(product ion)S TS0 A L Aol AL&-3}

AtK Table 3).

3. dz 3 nF
3.1. HLB/MCX ZIEZ|X[e] ME Zi2|
4 Ot EEE AYgxs FEEE Hwst]
<18l HLB 7}‘531%19% MCX 7FERIA& 27 ARS8t
T3t HLB 7EZ A& BE 3
/J (hydrophilic)-%1 573 (lipophilic) &
4 FAA I MCX 7HE A= %
< W3 (Cation-exchange) ¥ 97148 4+
P HLB S1E2 3174 e] ZElojdl 7]
HE 593 A8 FE2NM S48
9= AL A7
Ae 7FEFA o]t
% %A (poly-divinylbenzene-
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co-N-vinylpyrrolidone copolymer) ol 733+ %ol
W] AEAL o] wjAHe] A A &
AEe] opul7of Fol2o2 HFNHRR )] dojrt
3 MCX7gol = A Tke] EZI(-S05)¢t e 4%t
Fol Lotk 9714 §eloo] eJa|M Fole o
HE 3250 9u BAEAo] AR vl HA]

BA7A FEAgo] BRI wE-Eo] H]—Wé, A5
2H8-5 Wt A Edo] §EFHo B2 IFEs
BATH o] B-ADAIE AR A ] wEgo]
folsl 78k kol Wil MCX HEZRAZ A
gAos 255 drh & ;Loﬂxu Ak b 8}
=] -2 MCX9| 974 28714 93] =49
&2 glo] $2|HAE 71A HLB FHERIRE 538 A

29| A= (Relative standard deviations, RSD) 8~30 %
Hoh MCX 7IEZAR FE3 A8 6~17 %2 2
ALEE YR ATh(Table 4).

32. 3 FAHoMe| HE 3

A=#E A3E EUR JEdxe} J¥grrt
MCX 7], ,1] ]E’ 0] 83} 7(17(1‘3]1:1]—1?3 o7 37
FhEE A%
(Table 5).
el AR A5 AEE o= )
31 metoprolol©] 0.003~22 pg/L =2 AEEHS
atenolol2 0.009~0.250 pg/L F L2 AEHAThH
Juate] A9 Lee ef al(2013) ATHo] G457 2
FRo 570 G54 o R Rdte ARl ook
EZo] F43] Z7135+aL atenolole N.D.~0.024 pg/L,
propranolol N.D.~0.0038 pg/Le] T2 AEH
Aot B o) A @AY ZIAYGe] IF

g

=0

yoz
a3t A5 skl AehEAE Ssich

fl

)‘

i Kol

Table 4. Instrumental performance and validation data using different cartridges of B-blockers and B-lactam antibiotics

HLB MCX
Class Compound  R€C- RSDs  MDL  LOQ s Rec. RSDs MDL  LOQ 2
P (%) (%)° (gL)” (ng/L) (%) (%)Y (gL)” (ngL)

Atenolol 52 16 1.4 50995 125 6 1.1 5 0.999

B-blockers  Propanolol 33 26 1.4 5 0998 115 8 1.4 5 0.999
Metoprolol 99 25 4.0 13 0998 101 7 1.0 5 0.999
Amoxicillin 12 12 22 8 0998 108 6 1.7 6 0.995
Cefadroxil 94 21 3.1 10 0982 104 13 39 13 0.999

Blactams Cefalexin 90 18 10.3 33 0.990 98 14 3.5 12 0.999
Cefaclor 160 30 7.7 25 0.995 98 17 33 1 0.997
Cefradine 1o 28 49 16 0999 112 9 1.9 7 0.999
Penicillin-G 84 8 1.1 5 0989 113 11 2.4 8 0.999

*®Calculated based on the peak area corresponding to 5 ng/L (n = 7)
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Table 5. Concentration of B-blockers and f-lactam antibiotics in the Han River (ug/L)

Tributaries (pg/L)

Raw Water (pg/L)

Compound
A-1 A-2 B-1 B-2 B-3

Atenolol 0.043 0.209 0.008 0.006 0.010
Propranolol 0.009 0.031 N.D N.D N.D
Metoprolol N.D¥ N.D N.D N.D N.D
Cefadroxil 0.022 0.035 N.D N.D N.D
Cefalexin 0.028 0.056 0.014 0.015 0.013
Cefaclor 0.023 0.072 N.D N.D N.D
Amoxicillin 0.083 0.163 N.D N.D N.D
Cefradine 0.091 0.051 0.010 0.010 0.008
Penicillin-G N.D N.D N.D N.D N.D
IN.D. (Not detected)
o] AR HAHL ATlele HE AekR A o AEEE 8-30% O]%iou% MCX 7tEZA &2 5
25 Aoz et 47 ST ABE 6~17 %2 =2 JU=S YERITH

B Ao A FAAME F 9% BEHEHD T Aol A metoprololJJr pemclllm GE A9 759
o2 fFdE= A XA metoprolold penicillin EZdo] AEHATE Atenololo] 0.043~0.209 pg/LZE
GE A% 7% =4o] AEE AT Atenolol] 7V AEEE AEHEAL FHF G5 FAS H

EEE

0.043~0209 pug/LE 73 52 A& AL, amoxi-
cillin®] 0.083~0.163 pg/L F% 22 HEHJTh &
el A%, S5 FAS v s o Al
A= atenolol-2 H| 523t &
< HAEHA 2T

B-HEHAE 5 amoxicillin® F§, J=, Bpd &
oA F7tlA AT A-ste A F shtelH,
2000~2010' A Al Ao A o] 22H]8-0] 35% F7HIT
2 A ER 9de] 71 REEY] wiiol] sk el
U A xFAME HEo] He A7t Ak

E A3 Ao = cefalexin 0.013~0.015 pg/L,
cefradine 0.008~0.010 pg/L. Z2]3L atenolol 0.006~
0.010 pg/L 3 F°] BHFeA T =2 AEHAU
th =l v =2 A FES HIEE oA
AeAeg s Tl AARs 3 AEA £A47F 2
T Ue rREC tiete] AE5HQ RUEHES 1
o] w2 #=7t 8t}

=2 ZAZEF 3 metoprolol

4.4 =

7= ﬁ%ﬂl/\ih Bi}ﬂﬂlE MCX 7FEZ|A S At
F2 HLB 7IEZAE AL
sl Xd_im% 6}% 3101 FE otk £ A

= AE 98 shte] A WHE AR
slod §84S =9t HLB 7IEZRA S AFL3H A&

o -
] B3 FEgut Aol E cefalexin,
cefradine, atenolol 3 &©°] FHFHA ¢+ F== 7
=53t
2 Rt AFeAE p-EE Age
AUA =4 #gk Q77 Wkt

ot
0
2
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