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2 o 3 AT AFshks WER-SEA FHAE A FEeE WES FEEh pH 2
oA HLB ZAAE AFEst] & 2 AASE $, 752] vel-ZeA A= ](amoxwlllln, ampicillin,
penicillin G, cefaclor, cefadroxil, cefatrizine & cephradine)E LC/ESI-MS/MSE A}-&-3le] FAlo] &
Atk AMEA e 24U T WEeEREEA dAAC] #5271 0.01~1.0 ng/mLY T
A 93 ARFAY ABAFE)7E 0.9911~0.9995 AN 3 AAAPS YR Hkg
SPAFEHE #3 AESA(LOD)9 4 ZF3HA(LOQ)= Z+2} 0.0003~0.0234 ng/mL £} 0.0046~0.0778
ng/mLo| AT}, o] AN & AT 2Rk e FAAE HA - F sk wEL
A=e vk o] & Zo|t

Abstract: An effective method for the simultaneous analysis of Slactams from surface water was established.
After solid-phase extraction with HLB (Hydrophilic Lipohilic Balance) cartridge at pH 2, seven Slactams
(amoxicillin, ampicillin, penicillin G, cefaclor, cefadroxil, cefatrizine and cephradine) were determined using LC/
ESI-MS/MS. In this newly established method, correlation coefficients (r*) of calibration curves for seven /-
lactams in blank surface water appeared to be 0.9911~0.9995 in the concentration range of 0.01~1.0 ng/mL.
The limits of detection (LODs) and the limits of quantificaiton (LOQs) in spiked surface water were shown
to be 0.0003~0.0234 ng/mL and 0.0046~0.0778 ng/mL, respectively. The developed method is believed to serve
as a rapid and reliable method for the qualitative and quantitative analysis of residual Slactam antibiotics from

aquatic environment.
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[one BN 61
T Ak FA7FA], amoxicillin, cefadroxil, penicillin
G procaine, cefatrizine, cefaclor, ampicillin, cephradine
5 759 e FAAE NE Be 2358
LC/MS™ = LOMSMS™ S AL&-3lo] F A 748
o= AR 75E FAIEA S o= A flth
2 =ioAe= $AGEHF) T wiEE wE
A FAAL oA A&sta HES 4
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MS 245 913 HF e 2 A ES AAHew
skl
2 o H

2.1. Alef

WA A A2 cefadroxil, penicillin G procaine,
cefaclor, ampicillin, cephradine< Sigma-Aldrich A}St.
Louis, MO, USA)9] % AFE AME-3H.
Amoxicillin Fluka AHSeelze, Germany)2| 5% Al
oFS ARSI O™ cefatrizine 9] FE O R ol oL
RE AlFS AMESIATE A WREEEAE
Cambridge Isotope Laboratories A} (Andover, MA,
USA)9] BCZ X8E amoxicillin-6-CE T3t A}
&3kt

o] 2] Ao AR HEhE, S EUIEL F
o] &= JT. Baker AFNJ, USA)S] HPLC 5+ Al
kS ARSI eH, w28 AAE flal A
Na,-EDTA Junsei AH(Tokyo, Japan)2] #|&<, pH
ZE8E 98l AH8E 942 Waco AH(Osaka, Japan),
ammonium acetate= Merck AH(Darmastadt, Germany),
formic acid= Fluka A}(Seelze, Germany), ammonium
hydroxide:== Samchun AH(Kyonggi-do, Korea)2] #|&
S A&kt F/HFE Milli-Q systemS 5343 3

A F5H5E o3,

22, EEZMo| M=

752 vegeA A= 33 SF59 20 mM
R E ofAH O] EE AL83le] 1000 ug/mL FEO

T8 do] HEE AR TE F4 AdE o] A%
|adg 7tz 100 uLA #H3ske 32k S/F572F 20 mM
U EF oMM H Ol Eo| A TH(spike)A A FHE &
NS whEo] ALgElth AxE FEgde of 4°C

23. 24717

N AR et E 2 /4 7] o] 8- A Bt A 7]
(LC/ESI-MS/MS)= A& A-5F %Y 71(Agilent 1200
series Autosampler)”} 2% Agilent AH(Palo Alto,
CA, USA)9] Agilent 1200 series HPLCE A}&-313]2
w, g 72t 229 A% gels 93 Triple
Quadrupole tandem mass spectrometer (Agilent 6410
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Table 1. LC/MS/MS parameters for analysis of f-lactam
pharmaceuticals

Conditions

CAPCELL PAK 3 pm Cyg, 4.6 mm LD.,
100 mm length (Shiseido Fine Chemi-
cal, Japan)

A :0.1% Formic acid

B : Acetonitrile
Time(min) 0

Parameters

Column

Mobile phase

15 15.01 23

Giradient Solvent B(%) 5 40 5 5
Column flow rate 0.5 mL/min
Injection volume 10 pL

Column temperature 25 °C

Ionization mode Positive ion electrospray

Gas temperature 350 °C
Gas flow 12.0 L/min
Nebulizer 45.0 psi
Capillary Current 40 nA
Chamber Current  1.32 pA

Triple Quad., Palo Alto, CA, USA)E A}-&-3}%t}. o]

) AR8-¥l AH2 Shiseido Fine Chemical AF(Japan)<]

AFEoE ZolE 100 mm, LD.E 4.6 mm, YA=7]
£ 3 um?| Cz 2 AHEEIATH

o] FA A 0.1% formic acid ¢} ©] 54 B oAl
EUoEES ARSI Y. A8+ 10 L FY3HA 2,
42 0.5 mL/min©| At} o]57de] 21 27 1°ﬂ-t—

o] FA BE 5%0A 158 59t 40%7HA] ST &
AL Yol 8% E<F 5% = 7HAA AT LC/ESI-
MS/MSS] 717] 27L& Table 19 YERYATE.

24. NEHHZ|

34 Al 250 mLE #3F 5% Na,-EDTA 1
mL9} AAE WHEEFEZ amoxicillin-6-*C (10
pg/mL) 25 uLE 7tk &, 05 M @4HE o] &3}
o pHE 22 ZHE 3T} Oasis HLB (200 mg, 6
) HEAAE AT F2AAN ARD F e
3mL, 0.5 M ¥4t 3 mL, $FF 3 mL& E859]
A Y5t HLB 7]-‘53]?(]01] A|EE 5 mL/min
o] £x8 AN F, A7 sHE TtEHAE
Z7F4 3 mLE AojE o2, HEE 5 mLE 23]9
Vo] 2T £4E gajde Airzur)|s
AFR 5l AT A7 L 0.1% formic acid
500 pLE LS &l 0.45 pm AIAE ©] &3]
o3t 5 2 mL 24 ulo] Lo &4 LC/ESI-MS/
MSZ B4 st th(Fig. 1).
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| 250 mL water sample I

ft——— | mL % Na;EDTA

25 uL of surrogate(10 mg/L)
adjust pH 2.0 ————=1

(with 0.5N HCI)

e HLE cartridge preconditioning
imL MeOH

imL 0.5N HCI

ImL D.Lwater

Sample loading : § mL/min I

Rinse:3 mL of D.Lwater ——mf

[ Elution : 5 mL of MeOH
(25mLX2)

[ Dry with Ny gas ]

Added 500 pL of 0.1 % Formic acid —————=
[———— Filter : 0.45 pm disk filter

10 pL injection I

Fig. 1. Schematic diagram of sample preparation for f

lactam antibiotics from surface water for the LC/MS/
MS analysis.

3. 24 # n&

3.1. LC/ESI-MS/MS

7% 2] g2t A= 6.8% (amoxicillin)oll A -
Bl 11.52% (penicillin G)¢] W& AlZ+S YeERNHA
AZntE oA & B ATHFig. 2).

H A 3“3 7*1]4 A2 9134 LC/ESI-MS/
A ~vEPS oIty
o ZEE A4S 918ke] WA full scan modeol A
259 A% 2 EHS IRIsTE. 1 A3, 259
FAREAO] & (pseudo-molecular ion)?l [M+H]" 0] &2
golstth. 1 A3}, amoxicillin m/z 366, cefadroxil
< m/z 368, penicillin Gi= m/z 335 (procaine-> m/z 237),
cefatrizine>- m/z 463, cefaclor= m/z 364, ampicillin
m/z 350, cephradineS m/z 3500] fFAHEAo] L0 2
yebgth AA 270 2 E-F(full scan spectrum)©]
doizl & ' AZFEA S flalA] fFAREAfol =S A
T-o]-&(precursor ion) -2 A&l dle] A A o] & (product
ion) oA Aol ERS AT

U S aH R A& fEY 2] e &
HE FHAsksl] =2 AlE o) #2Y](signal to noise,
S/N) 217] _r] o}oq 7L 7o) A 0]9_%,‘3]1534 oz
FEH EAol2g& A¥sted MRM (Multiple Reaction

Monitoring) == ‘Ef’ﬁ. A Th. Amoxicillin #7-0]
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Fig. 2.

LC/MS/MS chromatograms of seven flactam antibiotics (peak identification :

12 13 14 15 18 17 18 19 20 21 22 23
(min)

I=amoxicillin; 2=amoxicillin-6->C;

3=cefadroxil; 4=procaine; 5=cefatrizine; 6=cefaclor; 7=ampicillin; 8=cephradine; 9=pencillin G).

22 m/z 3662 25-E m/z 114, 208, 3495 540
o2 MR, miz 1145 Aol o2 e 5]
A &t Cefadroxile A70]2%l m/z 3642 5-H
m/z 114, 158, 2085 SAolo g AEsA T, m/z
1145 A Fol o7 Aeldte] A F3}SI ). Penicillin
G procaine®] 73-%-, penicillin G} procaine®] &< ¥
HEZ 112 d3s stE2 27be] 3 BAx1s
Zrol 2249319t} Penicillin G& 41701221 m/z 335
ZHE m/z 87, 91, 1145 50|20 g9,
m/z 918 A#ol o7 Aelste] A3 Th. Procaine
2 Aol 29 m/z 2372FH m/z 72, 100, 1208 &
Aol eo g AEEAT, m/z 28 FFo|Lo Mg
3to] A 23T} CefatrizineS 70122 m/z 4632
ZHE m/iz 114, 138, 1568 540|202 Mg,
m/z 1388 Aol Lo 7 Melste] At} Cefaclor

= AFo] 22l m/z 368E5E m/z 79, 106, 118 &
Aoleo g MAEYT, m/iz 1062 FHFo|eo =z A
g3l A3t Ampicilline A 5-0]-221 m/z 350
o

ZRE m/z 106, 160, 1745 EAJol 2o g Ags}
AL, m/z 106& FHFol2o 2 Helste] A3t
Cephradine 1 °]21 m/z 3502 ZFF m/z 108,
140, 176S EAoleom M3, m/z 108 A
o]0 2 Aeste] FaFett. 7t #AEES] HEE
A7k} F o], 540l Table 20 YERNSITH

32. SPE E==0IX}=o| X|X5}

HErEA A L] a3 FES 98 A5
pH, pH &4 &wl¢] &7, 7ZIESR Y A= A5
o] &, AR A £=E WslAIA 7HEA FHA 9
FEEAE FYsh= Ads A
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Table 2. Retention time, precursor ion, product ion for analysis of flactam antibiotics by LC/ESI-MS/MS
R.T. Precursor . Quantitation Collision
Compounds (min) ion(m/z) Confirm ion(m/z) ion(m/z) Energy(eV)
Amoxicillin 6.80 366 349 208 114 10
Amxocillin-6-"C 6.80 372 214 160 114 10
Cefadroxil 7.34 364 208 158 114 10
Penicillin G 11.52 335 114 87 91 40
Procaine 7.25 237 120 100 72 30
Cafatrizine 8.80 463 239 114 138 40
Cefaclor 9.16 368 118 79 106 40
Ampicillin 9.89 350 174 160 106 15
Cephradine 10.64 350 176 140 108 20
100
0
80
70
g ® WoH?2
o OpH5
¢ 2 OpH7.5
L) WoH 1
30
20
10
0 ]
Amoxicilin -~ Cefadroxil Penicilin G~ Cefatrizine Cefaclor Ampicillin Cephradine

Fig. 3. Comparison of recoveries according to pH of the loading sample.

321 AlZe| pH
A stazl sk E2EY HA9| pH 21& 3]
Q& pH 28 &ulo] T/, A8 & AIE AA
TE IR T, A, kg, 59, 971489 =
(2, 5,75, INSZ HSIAF|HA] ZH2+e] 34gS
Wttt pHEl Wslel| wie} FAEHE0] AR Fol
A EAEAL = FErE o27] e, AxE 34
4] AH8-3h= HLB 7FER|A| o] 3] wFE 5 9l
E5 HA9 pHE F A &3ith o] W pHE 0.5 M
ko g AL, TIEHA ] AAEHE A8 &
2200 mL, & &re WEE, N5 AR xE
5 mL/minZ g3 & pHYHS: WH3IA|A 3]4&S v
3Tk

A9 pHYl W& 7} sijtEe] F&& AnE 4
HEWAE, pH7F 291 7%, 41.1 (amoxicillin})~96.5%
(ampicillin)®] 3]=&-& WeERTh pH7L 591 A=
22~754% | 3|F&S Ve oH, pH7F 7.5%0 -
T 25~689% o W 3¢&S el e, pHrt 11

R

=
=z

Z Ay
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A9 1.6-804%°] 3485 UERI O™, cefatrizine
FE A Sk whebA, SeHE9] pK, o HlST
] wf BE ofEEe] tejA dAntdow 7Pt F
29 HoFglong EA] B457]9|

718 pH 23 A S TH(Fig. 3).
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322 pH =H Aol M7
A& pHE 2| F& Alke] B¢l & o
Fo Hlwaly] 8kl 05 M A 6 M gARS AL
e A2 3FgS vasid o] o, pH 2, 7}
Ao A== AR 2 200 mL, AlES] AR
= 5 mL/min® 2433 &, &ujo] A upto]
Sttt veleeA FAEZS Bget g
Zka1 glo] F74 3% pH Wslel] we} shghEoe] &
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20
B0
70
60
#
i BO.5N HCl
&+ a0 DIEN HCI
=)
30
20
10
0
Amoxicillin Cefadroxil Penicilin G Cefatrizine Cefaclor Ampicillin Cephradine
Fig. 4. Comparison of recoveries according to the concentration of pH adjusting HCI.
100
80 ' !
70 — [ ] ]
[ — —
'ﬂ'ﬁ 50 @250 mL
i+ 0500 mL
a0
30
20
10
v]
Amoxicilin  Cefadroxil  Penicilin G Cefatrizine  Cefaclor Ampicilin  Cephradine

Fig. 5. Comparison of recoveries according to the loading volume of sample.

A 7§ 23.9-85.6%2] 3|FE&S eI, 6 M
ALE-5le] pHE Z2AIS A9 6.7~53.9%2] 3

Yeblew penicillin GE 3]475 ] ?5‘9}1:]-,

» o2 I
o F1>-" ey
mlo rulo nL?L'

=
A= 05 M A3+E o]gato] pHE =EAS
Aol B 2 3ed BileH 01—“— 4 OBU\P

{‘F

Sk ‘:H)EI'EX]E‘O] pH 7} =& AJeko] H7lE=

E2 o] A7)l 95| F&Y FolA FES ] i
a7F HAE 7HsAdol Ak wEkA] AA] Al A&
P& o, ol FE 23 0.5 M FAke A3}
o pH—';— A3 A (Fig. 4).

;F‘;

323 THAF FIEIX|| MUE= AlZo| 2

FHEZA ] AAEE A5 o] £ nX=
FEFE vlaLst7] 9Jste] A& pH, pH 248 &vi €]
5, AAl 28 IAHAZ T, A5 %] 500 mL
o i} 250 mLY w] z}zhe] §]“I‘E"“ vl Wl A
A== Alge] ol EAZ71 AR S A5

B0 e FHEA Raiw o5 A

2o &3] AAA v 5 7] wiEe] EFH o F
Y 7 UARE A5 Fs -3 A ST

o] wj pHE 0.5 M A4S AME-sle] 22 2-319aL
Alg29 A $5E 5 mL/minZ 133 3 ]g_,]
FE HSIAA F]FES vl s ATh(Fig. 5).

7 SjHES] AFE AvRY, AREe= A5 &
o] 250 mLS! 7% amoxicillin 56.7%, cefadroxil<
68.1%, penicillin G= 57.1%, cefatrizine 88.2%,
cefaclor= 89.8%, ampicillin 84.6%, cephradine->
86.9%°] 3 F&S UEHHth A H= A5 Ul
500 mL] 73-%- amoxicilline 23.9%, cefadroxil- 33.1%,
penicillin G= 30.3%, cefatrizine> 85.6%, cefaclor=
73.9%, ampicillin 73.8%, cephradine> 85.7%<] 3]
F&& YT cephradine®] 7399l AA == Al
O] ¢l & 3|&9] Hs AL gl 28
ARl A A flete] IAY FHERA o AAlE
= AlE] %S 250 mLE Ae s

Age Fol BS A5, 7FEA A FFE o] I
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Amoxicilin Cefadroxil Penicilin G

Cefatrizine

125

W 2mL/min
0O SmL/min
0O 8mL/min
@ 10mL/min

Cefaclor

Ampicillin Cephradineg

Fig. 6. Comparison of recoveries according to the flow rate of sample loading.

M EA S W2 AR 28] AA R
OJUHA 3]4go] 938 ks ATe

e Mo

324. NBo| XMy&xT

Al 57} SPE 7FER|A O] AAE W] =71 FF
of MR J3FE HwsE] gt AAEEE ¥s)
AlA ATt o] u] pHE= 0.5 M 94 0] 8314
282 24334, SPE 7FEF A AR H= A5 ¥
250 mLE XA &, A8 A £2E2 2, 5 8,
10 mL/minZ HSIA|7HA] 3|58 ¥ stSi ).

7 setEe] AAE AvEn, AAEE7 2 mL/
mingl 739 42.9-95.6%, A A& =7} 5 mL/min?l 735
40.2~93.8%, 2 A&7} 8 mL/min®] 73-$- 23.9~86.7%,
AAEE7F 10 mL/min®l 7% 36.1~88.9%2] 3|4&
< YR

AANA oz AALEE7 2 mUming w7t b £

Sl4&S Bt 28y, AAEEI UF =g
5, AA Azl A& we FFEZA 7} 23
7 @AY 4 AL A= ] ATkl YR 2

Ae 23]y B 2845 AsAE 5 7]
2ol AT O gFoR £ 3FES B
mL/ming] £=2 AA&Eg A6 chFig 6).

=

o

o fr

b = A IR A

33. A¥3M

AR Fo &2 wEEgA FAA ] & A
3h7] {8 89S S/ 250 mLol 2+ 0.01,

0.05, 0.1, 0.25, 0.5, 0.75, 1.0 ng/mL7} H ==
W7 7, BE FE2A 88 FE8] LOESI-

o~
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MS/MSell FY3te] 752] welEgA A E2FE
of et AAFAE #deAth 2 A amoxicillin
£ y=1.8879x-0.0168 (*=0.9971)¢] AR ZFAE LA,
cafadroxil &  y=2.8224x-0.1731 (*=0.9960), penicillin
GE y=1.1844x-0.0768 (P=0.9965), procaine-2 y=2.0321x
—0.0850 (>=0.9938), cefatrizine y=0.3859x-0.0449
(=0.9911), cafaclor’s y=2.5772x-0.0766 (=0.9951),
ampicilline y=3.6731x+0.1129 (’=0.9995), cephradine

2 y=5.8515x-0.2696(r*=0.9932)2] A FAS AU}

34. e 43

A Z 37 (Limit of detection, LOD)9} % #3+A
(Limit of Quantification, LOQ)+= H & 9] F&Z
2 ANEE #%3 5 LC/ESI-MS/MSE ©] &3}
At & At AEHAE S o FERI7KS/
N ratio)7} 3 o)4 H& F52 A48, A5 o
A-SH|7} 10 o)2Fo] 2 AAERSD)YF 20% oW &
EE AFARE Aot T3 sl E 2T} 249
| = S AHR7] fJste], A A 59 ¥=g

2 G5 zh= AT E AF st vAdE S
A& 9k BFAIE T3l
o gk

N

g

o
1=}
b

=)
i

=
[
I

M oy

== 2~

SRtk o
HEWAI} AEFIAE Table 39 ek

-

=,
o]l
=

AAZ] YA E LOD7F 0.32~23.35 pg/mlL,
LOQE 1.05~77.82 pg/mLol1om, A& o2 Y E
g7k B sl tiaiAE ampicillin®] 7
A7} 426 pg/mLEA 7S WL, procaine] 7
349.65 pgmLo2M 71 &2 A A (LOQE

o/ e
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Table 3. Limit of detection (LOD) and limit of quantitation
(LOQ) for seven Slactam from distilled water and
surface water

Distilled water Surface water

Pharmaceuticals 1.OD*  LOQ** LOD*  LOQ**
(pg/mL) (pg/mL)
Amoxicillin 1.83 6.10 4.42 14.75
Cefadroxil 1.38 4.60 2.72 9.05
Penicillin G 2.22 7.40 3.96 13.19
Procaine 5.46 18.21 104.89  349.65
Cefatrizine 23.35 77.82 23.81 79.36
Cefaclor 3.73 12.44 3.45 11.49
Ampicillin 0.32 1.05 1.28 4.26
Cephradine 1.48 4.95 2.43 8.10

*LOD : S/N ratio >3
**LOQ : S/N ratio > 10 and RSD > 20%

Table 4. Absolute recovery, precision and accuracy for the
analysis of Blactam antibiotics

Concentration Recovery RSD  Bias*

(ng/mL) (%) (%) (%)

Pharmaceuticals

0.08 36.2 9.7 -10.1
Amoxicillin 0.25 334 7.7 2.6
1 37.9 13.7 -0.8
0.08 85.6 94 -8.4
Cefadroxil 0.25 89.6 2.5 0.1
1 89.5 32 -1.4
0.08 104.5 3.8 -1.6
Penicillin G 0.25 105.6 7.4 1.8
1 93.5 1.7 -0.8
0.08 68.4 9.8 -3.1
Procaine 0.25 59.3 13.8 0.4
1 78.5 8.7 -03
0.08 71.8 143 8.5
Cefatrizine 0.25 72.2 7.7 5.7
1 72.6 1.4 13
0.08 85.4 2.1 2.5
Cefaclor 0.25 78.4 2.5 2.3
1 84.5 52 0.1
0.08 60.6 15.6 -7.0
Ampicillin 0.25 71.5 2.2 2.8
1 61.3 0.5 2.1
0.08 100.3 7.0 -7.8
Cephradine 0.25 109.9 5.5 11.6
1 102.0 4.7 -0.5

(Calculated value—Measured value) %100

*Bi
ras = Calculated value

A<
=

to

ERAATH
Slr& A4S flal 7
Aol "7MAA & 7} 0.08, 0.25, 1 ng/rnL o] Fx=
& ato] AAEE AR A AXA & FFEE
it«l A& vagozn 33t Al 7HA
oA A3 3482 amoxicillin (33.4~37.9%)<
A e 652 o FEH el 59.3~109.9%2] #S
Uelfilen At REHAXKRSD)7} 15.6% ©]3HE o
A2 ZAEet s e AT S ko] kel dnt
U 7R E e E AFEE biasEHA -10.10~
11.62% ©|ATH(Table 4).

—

£ ERolAE sl AR WetdEA 3
] $13le] SPE 7FER A o] g5l 3

28¢ FAh webA, AsAA el o
PA 2 87440 9 FEAa%E dea
AA el -

e fr718ve] AH-S Haststal

B4 E ZE‘O] SPE 7IEZ Ao 2 &F o=
A A 5] pHE M, °ki*é, =4, @
zAst] AP A3, S ELEY] pKat v
222 (pH=2)0 A = 5]-’7‘%% LER AT A]E
o] pHE ZH3le FAdA 05 M FiHS AHE-3H
pHE 2439 E o 5% F&2&S eI 7
EgAo] AAEE A8 FS WA AP 4
:'Jr 250 mLE X*xﬂ 6}0;'—"— o] 7} 500 mLE 2 A 3

S fEt 94 F2 5SS Btk 7hEA ] A
zHE‘ g AlE9] w"ri" WA A 3| F&S vt
= F4:0] 5 mL/min¥ o} ¥|2F £& 3
A A]E A2 Y] SR E f2lstth

ZF EAEAME-EEA FAA) disiA 0.01~
1.0 ngmL¢] % WA AAFAE Adsi s
o), AFAAFE)E 0.9911~0.99952] ¥)wF 2o A
A e FR e 222 A07 AEE &
% LC/ESI-MS/MSE o] &3}o] B3 Az}, 7 5
EAE2 LODE 0.0003~0.0234 ng/mL%] 3, LOQE
0.0046~0.0778 ng/mLo] At}

Al 7H =AM FA% 3FE
(33.4~37.9%)2 ALt 652 JFEHol st 59.3
~109.9%2] 7+& YEhi o™ At EFHAHRSD)7}

N, ool
= oZ: iy

o N

+5]
2
H| <=
=

T‘é‘

Nt
2 o

£ amoxicillin
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15.6% ©13t2 A= F= 3 -2 vepfidg. =
ghol kel vyt 7HEEAE vEtll = A8 ==
bias®=A -10.10~11.62% ©]Ath.
aEete] wEetEg Alde #et
amoxicilin®] Y} ampicillinoll &3 AF7 F5 o] £
o, E3] 3 A 88 e 3 <
Sojxol szl A RIS W, ¥ =FA &
HH HHo F& 4L TS £33 st b
158

EZ2 A AR Fo| AL d= 759 Hl
et gAA 9] A&t Bt FAEA S 7He st
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