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2 o & drddMe FEE dgFeR 9 AR HL 7 F AR 7Feel 22 AEe|=A F
YA 5% (sulfadiazine, sulfamerazine, sulfamethazine, sulfamethoxazole, sulfathiazole) % tHAFA] SFN*“
acetylsulfadiazine, N*-acetylsulfamerazine, N*-acetylsulfamethazine, N*-acetylsulfamethoxazole, sulfamethoxazole-
N'-glucuronide)®] #A1H-E A slSith. thket Mg 208 v - HESIY HZH 9] A F24H
3 LCESI-MS/MSE ©]&3F 717184 278 43t 7tEgAE F28582 CI8 7FEZA oA
12~94%, HLB 7]-‘5 317\101]*‘] 60-95%, MCX 7]-‘5 2R ollA 25-123%31.2™, MCX<t HLB 7HEZIA S Q
ot W o] 3582 70-90%0]1th HLBE Aglste] S8 A 9] 3582 66~115%, &
A2} 5~17%0] M_Uﬁ, W AZEEE 0.001~0.187 ng/mL Tk o]2 AA] SR 8ol 283 Az} 41
o] dEolm= YA 7} 00082153 ngmL FE=HAE AEHI W, A 2] ¢ Nhacetylsul-
famethoxazole®] ERIF|N o} HESH nivte g AFE T

Abstract: The aim of this study was to develop an analytical method for sulfonamide antibiotics (sulfadiazine,
sulfamerazine, sulfamethazine, sulfamethoxazole, sulfathiazole) and their metabolites (N*-acetylsulfadiazine, N*-
acetylsulfamerazine, N*-acetylsulfamethazine, N*-acetylsulfamethoxazole, sulfamethoxazole-N'-glucuronide) in envi-
ronmental samples. The solid phase extraction (SPE) with LC/ESI-MS/MS have been used for the analysis of target
compounds, and the recoveries of SPE clean-up were at the range of 12-94% for C18 cartridge, 60-95% for HLB
cartridge, 25-123% for MCX cartridge, and 70-90% for tandem HLB/MCX. By established method, detection limit,
recovery, and relative standard deviation were 0.001~0.187 ng/mL, 66~115%, and 5~17%, respectively. This method
was effective and sensitive to use for the simultaneous determination of sulfonamide antibiotics and their metabolites
in environmental samples. Four sulfonamide antibiotics were detected at the range of 0.008~2.153 ng/mL. For
metabolites, only N4-acetylsulfameth0xazole was detected, but the concentration was under the MDL level.
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Fig. 1. Major metabolites of sulfonamide antibiotics.'
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Table 1. Chemical Structures, CAS number, molecular weight(MW), and pK, of sulfonamide antibiotics and their metabolites

Sulfonamides Chemical Structures

Metabolites Chemical Structures

Sulfadiazine o H N4-acetylsulfadiazine
\ NN \\ N
CAS: 68-35-9 K T N CAS:127-74-2 \(
MW: 250.29 D/ 0 N~ MW:292.31 it /©/
pK,: 2.0/6.4' H,N pK,:6.3£0.31¢ HC—C-N
Sulfamerazine H H
\ NN 4_ ; o
CAS:127-79-7 X T N N-acetylsulfamerazine \\S,N\rN\
) CAS:1127-73-1 N
MW:264.31 N A MW-306.34 2 0 N_~
pK,:1.64/6.98%! H,N R H,C—C—N
Sulfamethazine o H N-acetylsulfamethazine o H
CAS:57-68-1 \s\< S CAS:100-90-3 \\s\\/N\(N\
MW:277.34 /O/ 0 N__~ MW:320.37 e /O/ 0 N_A
pK,: 2.4/7.4' HN pK,: 7.240.5' HC—C—N
Sulfamethoxazole PN N-acetylsulfamethoxazole o X N
CAS:723-46-6 s\\/ 7 Yo CAS:21312-10-7 S\\O LC
MW:253.28 0 \= MW:295.31 it
1.8/6.0' . pK,: 5.6£0.5' e
1
Sulfathiazole o U :l“ll'g'::":ih(i"em“leN o 178
T9_14- N\ _N i
&/?ngsz;;zo N \(J CAS:14365-52-7 SN oot
o 47118 N MW:429.40 = m;ﬁ“
P2 & HoN PKa2.7+ 0.7 j o
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AvjzAlol] AEolul = AAlS] Ao e
QAN wHo] Qlom, Ay HEolu A A
7L AEHE Ao HIHULIN 2gu}, S
#7 F AEMIEA FAAL thAA S e AT
£ ARg Aew geiA 9

BANE T AEoIHIEA FAASH AR S 24
&t7] 913k e s JAY FE7 LOESI-MSMSS
o83 71718A0] 714 By ASA ALgH I glow,
HLB (hydrophilic lipophilic balance) 7}+E & A], MCX
(mixed cation exchange) 7}EE|A] & T3 71EZ] A
7F AREE I Qi AIE0 2o ol M= Thofst Tf
EgAY] FZ28E&S sy, A @A FeAM F
Z 882 wol7] 8l A &Ee] pHE st &3
Feo| AEotn|=A] AN S} iAol theh FAEA
WS Skt B3 FyE B a4
AT B AA A8l Wi 28785 Frhskdith &4
/g Adzofu| =] A B thAkA o] EAFx 3
EX4L Table 13} 2T}

i)

2. dEYY

FZo] A}&3F Oasis HLB (200 mg, 6cc), Oasis
MCX (150 mg, 6 cc), Se-pak C;3 7FEZ]X|= WatersAt
(Milford, MA, USA)°IA T3l AF&31aL, JHE
A U ZHE Supelcort(Bellefonte, PA, USA)<]
AFE AR

37 A8 F Bl A YA L A B AT 439

Bt dEot| = A FAAQ sulfadiazine, sul-
famerazine, sulfamethazine, sulfamethoxazole-> Sigma-
AldrichAF (St Louis, MO, USA), sulfathiazole-> Riedel-
de HaenA} (Seelze, Germany)®] #| &S A3}t
thAFAl N*-acetylsulfadiazine, N*-acetylsulfamerazine,
N*-acetylsulfamethazine, N*-acetylsulfamethoxazole, sulfa-
methoxazole-N!-glucuronide$} A A|-§& WHEFEZ 9]
N*-acetylsulfadiazine-d,, N‘-acetylsulfamerazine-d;, N*-
acetylsulfamethazine-d;, N*-acetylsulfamethoxazole-d,, sul-
famethoxazole-N'-glucuronide-d,i= Toronto Research
ChemicalsAt (North York, Canada)ollA] 3] ARE-
3992w, sulfamethazine-'’Cs-> Cambridge Isotope
laboratories (Andover, MA, USA)A| &2 A}-&3}% T}
WH-EF=A(ISTD)E AHE-g terbutylazine-2-hydroxy
+ Riedel-de HaenAH(Seelze, Germany)2] =% A|FS
AHEEATh WEE, oM EYUEL, S/FF, Gk
J.T. BakerAH(NJ, USA)®] HPLC 5+ A28 283130
o, 7] kformic acid)ZF FEUOF(25%)= Sigma-
AldrichAKSt Louis, MO, USA)9] #|&& AF&-3}% T
EFEdd RIS EZS YEES o] 831 1 mg/
mLe] FEE THE & -20°C W] AFsk L, A
A Bask FEE WEERE 3|4t ARSI

22. BM7|7]

LC/ESI-MS/MS+E ThermoA} (San Jose, CA, USA)
9] Thermo Finnigan Surveyor HPLC9} ZA3HE TSQ
Quantum Ultra g A HFEA 7|5 AFE3FA Y. &=

Table 2. LC/ESI-MS/MS conditions for the determination of sulfonamide antibiotics and their metabolites

Instrumental conditions

Parameters

Positive mode

Negative mode

Column

Mobile phase
B : Acetonitrile

Gradient Time(min) 0 10 13

Column flow rate 0.5 mL/min

Injection volume S uL

Column temperature Room temperature

Ionization mode Positive ion electrospray

Spray voltage 4500 V
Vaporizer temperature 200 °C
Sheath gas pressure 45 arb
Aux. gas pressure 20 arb
Capillary temperature 350 °C

Collision pressure 1.2 m Torr (Ar)

CAPCELL PAK C18, 4.6 mm LD.,
100 mm length, 3 pm particle size
A : 0.3% Formic acid in water

15 18 20 30
Solvent B(%) 13 13 50 70 70 13 13

CAPCELL PAK C18, 4.6 mm LD., 100 mm
length, 3 um particle size

A :0.3% Formic acid in water
B : Acetonitrile

Time(min) 0 10 1315 25
Solvent B(%) 10 80 80 10 10
0.5 mL/min

5 uL

Room temperature

Negative ion electrospray

4500 V

150 °C

40 arb

20 arb

380 °C

1.2 m Torr (Ar)
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[ Sample 500mL « Internal Standard 250 ng
« Adjust pH 3 (3.5M H,SO,)
- l +50 mM HCOOH in MeOH 3 mL
[ HLB Ca?gfcﬁflgzn?g gmg’ 6cc) ] +50 mM HCOOH in acetone 3 mL
*5% MeOH in water 3 mL
. . +5% MeOH in water 2 mL cartridge cleaning
[ Sample loading (10 mL/min) l + dry with vacuum(30 min)
Eluti +50 mM HCOOH in MeOH 6 mL
ution +50 mM HCOOH in acetone 6 mL
. * Terbutylazine-2-OH(ISTD) 100 ng
I Concentration + McOH 500uL make-up
[ LC-MS/MS (5 uL) ]
(@)
| Sample 500mL + Internal Standard 250 ng
« Adjust pH 3 (3.5M H,SO,)
MCX cartridge (150 mg, 6 cc) *MeOH 5 mL
conditioning * Water 5 mL
I Sample loading (10 mL/min) l +0.1M HCl in water SmL cartridge cleaning
; *MeOH 5 mL
I Elution l + Ammonia solution: CAN (1:19) S mL
c . « Terbutylazine-2-OH(ISTD) 100 ng
oncentration + MeOH 500L make-up

LC-MS/MS (5 pL) ]

©)

& 2~
a4 -
Sample 500mL « Internal Standard 250 ng
+ Adjust pH 3 (3.5M H,S0,)
c l - +50 mM HCOOH in MeOH 3 mL
15 cartridge + 50 mM HCOOH in acetone 3 mL

conditioning +5% MeOH in water 3 mL

+5% MeOH in water 2 mL cartridge cleaning
+ dry with vacuum(30 min)

Elution *50 mM HCOOH in MeOH 6 mL
+50 mM HCOOH in acetone 6 mL
Concentration * Terbutylazine-2-OH(ISTD) 100 ng
* MeOH 500pL make-up

Sample loading (10 mL/min) |
LC-MS/MS (5 uL) |

+ Internal Standard 250 ng

I Sample 500mL .
+ Adjust pH 3 (3.5M H,S0,)
- * Water 2 mL
Tandem HLB/MCX «MeOH 2 mL
Cartridges conditioning +5% NH,OH in MeOH 2 mL
* Water 2 mL

+ HLB cartridge on top of the MCX cartridge

Sample loading (10 mL/min) « water 2mL cartridges cleaning

I Elution HLB/MCX : MeOH SmL
I +MCX : 5% NH,OH in MeOH 4 mL
. + Terbutylazine-2-OH(ISTD) 100 ng

l Concentration + MeOH 500uL make-up

I +HLB : MeOH SmL
LC-MS/MS (5 uL) I

(d)

Fig. 2. Solid-phase extraction strategies: (a) HLB cartridges, (b)C18 cartridges, (c) MCX cartridge, and (d) tandem extraction

(HLB and MCX).3!!

REoA] ZF BAG B Y AHEHS 9l
&te] A o] (precursor ion)S 4B}, _4;4 o A
0] € (product ion) ZAE Bl & MelukewUE
F(SRM) & A&t E4 sttt dEotr| =4
YA g EH*}ZM LC/ESI-MS/MS -4 %78 Tuble
29} 7t} Nl-glucuronide THAHAI S A 9] 81 #-2 ) A+

MEoln|=A A L A E o] R o)A
41819132, N'-glucuronide THAFAI ] sulfamethoxazole-
N'-glucuronide 74 9-°]& REofA £33}

2.3 ™A

A& 500 mLE Fsto] zF BAU/GEL ] A&
) §- ¥ 5= & (sulfamethazine-"*Cg, N*-acetylsulfadiazine-
ds, N*-acetylsulfamerazine-d,, N*-acetylsulfamethazine-
ds, N*-acetylsulfamethoxazole-d,, N*-acetylsulfathiazole-
dy) 250 ngS 718k & pH 30] HEE 35 M 32
o7 A3y AR A wEt FRHEES WEY
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il o
OHH

4*174 g4 38, A2 E 10 mL/min®)
stk AlE7E E3E THERAIE 5%
Ho = AT th oA 3087 Az
z9 ZFEA Y &2 50 mM 7] =] 4k-H|
6 mL ¥ 50 mM 7 u]2k-olA|E & 6
FAHOR Thete] A& BEAS
AME-3Fe] 200 pLE EE 5% Th 2R 100 ngd
W5 3354 (terbutylazine-2-hydroxy)S 37}kl W
EE = 500 uL7t H =5 A3 v, 045 pm A ¥
AZE R JFHatHon 2 mL 244 vlo] ol &7
LC/ESI-MS/MSZE #4131t A A] 2 tjAlA] <
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Fig. 3.

Fig. 4.
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MHLB HCI8 HMMCX HTandem

100

Recovery(%)
(=]
o

1 2 3 4 5 6 7 8 9 10
Compound

Comparison of recoveries depending on cartridges. Compound: 1. Sulfadiazine, 2. N*-Acetylsulfadiazine, 3.
Sulfamerazine, 4. N*-Acetylsulfamerazine, 5. Sulfamethazine, 6. N*-Acetylsulfamethazine, 7. Sulfamethoxazole, 8. N*-
Acetylsulfamethoxazole, 9. Sulfathiazole, 10. Sulfamethoxazole-N'-glucuronide.

100

00 | mpH3 apH7 EpH10

80 r
70
60 r
50

Recovery(%)

Compound

Comparison of recoveries under sample pH condition. Compound: 1. Sulfadiazine, 2. N*-Acetylsulfadiazine, 3.
Sulfamerazine, 4. N*-Acetylsulfamerazine, 5. Sulfamethazine, 6. N*-Acetylsulfamethazine, 7. Sulfamethoxazole, 8. N*-
Acetylsulfamethoxazole, 9. Sulfathiazole.

L HLB 7FEE|A &} MCX 7IEZA & AZ ¢ Bg7tE
sle] 71ER R 25 2 A5 pHY W2 & A WS o] &3l Fig 29 o] FEEE HwA

],
H}A FE24E G S s
IAG FEHAA BANSEDY A2 pK, 7k FE A 3¢g AF AT Cy 7FEBAE A
e 13 FLEE A 9] ddo] Iggol FEFE v £35S A9 U2 ‘“*EH““"O] e 35g
Ak webA] 2 AFors &9 SAFEYHES & YeERoH, MCX 7HEF A 9 N'-glucuronide
Fgatr] Sk, viFA g os F4 6351194 B AR o] B]Ego] 25%E FA|EA ] AgslA] g
APAER S FEATIE C5 7TIEBIA, 254 2 2 Ao g AdEth HLB 7FEZ A ¢ Bl (HLB+MCX)

ALY deddoR AU %i—r*lﬂ% FHEA] WY BF S5E2 60-90% WeAsle, d
HLB 7}E2|A], dol& wdt fiAYFo s Foj2 8§ ol Lase A, 7}‘5311] 2 & A 5
Hel 2SS SIS MCX 7hERH] 8L S3Hos VHsigls o, HLB 7HESAE o] &3
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Table 3. Precursor ion, product ions, and collision energies
for sulfonamide antibiotics and their metabolites

Precursor Product Collision
Compounds . .
ion ion Energy
92.09 27
Sulfadiazine 251.10 108.08 25
156.09 15
108.09 30
N*-Acetylsulfadiazine 293.15  134.11 25
198.13 20
92.09 35
Sulfamerazine 265.08 108.09 30
156.10 20
93.09 35
N*-Acetylsulfamerazine 307.11  108.0 27
134.13 22
92.04 30
Sulfamethazine 279.07 124.08 23
186.06 16
124.15 24
N*-Acetylsulfamethazine ~ 321.12  134.13 25
186.16 20
92.06 27
Sulfamethoxazole 254.05 108.04 23
156.06 15
93.08 35
N*-Acetylsulfamethoxazole 296.09  108.11 25
134.12 25
Sulfamothoxanolo! 92.11 43

e eN 42814 15610 30

-glucuronide 25220 17
108.04 28

Sulfathiazole 256.02 92.06 23
156.00 15

FEIgo] B &3 Zlow AteEtk(Fig 3).

2 AT el pHol e EeHskel 43
282 vash] f1stel, 374 500 mLo) 4 FE=
o] FF8NE 343 § 35 M HyS0,8 | M NaOH
= AHg-stel A8 pHE 742t 3, 7, 10M£ THE 3
HLB 7HE A o]4] A PR

stk o A, “**EH do] A& 7}7<1 A &=
pH 3(AMIZRZ)NA 78 3]578(70~90%)s 11T
T UATHFig. 4). Olﬂd A= pKar Ol 1.64-2.40
ol dEolu|= B pK, Fko] 5.6~7.291 N*-acetyl ThA}
AEe°] pH 3004 -2 A3HE 7HHA @& 540

8] pHol wje =
Ay

C P2

A7) - el
Heg Alg FHAA HLB 7FEZ A & T3¢ 31X
A7 s agol ok o2 FgEr)

3.2. LC/ES-MS/MS

AN E F HFeR EAste EAWYEES v
Aol o5 Wall a5 Hasbely Aes
7] $]8le] LC/ESI-MS/MSE o] &8t 4] &1t
Sulfamethoxazole-N!-glucuronide®] 73-%-, 7}25-217]7}
EAE7] w2l FgA VH7F EelE [M-H[7F A
E2}o] & (pseudo-molecular ion) 2 A H W, 2 29
BAYPAER L] AL oflwl 7)o FAA7} 17] H R
[M+H]7} fFARERO] 20 7 o] 23} H& AdS o
E}th— 27 Utoﬂ;ﬂ 7} HM];H)\PEXLJ FAE) /\,_‘ﬂ

7t BAUEEA ] Aol Aol B FE
UXA|= Table 3, RTEH] AZvEDL Fig. 5
I 2tk

33. EMWHo f5Md &l

A o] WEAEIAE 7] flske] SRS
500 mLell =22 (7171AEEA] 1M F=)& A
Fet & A&t SdsiAl 73] WvHEAES slth
Azl 314 (A= 6, 99% AZ =AM  Student-t
value)E wote] 73k WHASIAE 0.001~0.187 ng/

HelTh
;“EH 3] 5=&-(absolute recovery) 575 500 mLoﬂ
EFZEZS F=71 05 ngmL7t H=E YUK &

Al A xﬂ/\lffL AAEE AR 73 A8 Zd_im%
AXA] ke FFEAL] Hola WA S vt F
stk B4 A3 358E 66%~115% WAIoH,
AN EEZHIHRSD)E 5~17%C] AT £33 5Y 5
oAl Bias ((Bias=(Z3t-37 /2% 100%) & %é
A AYGEE £10%H AR & dTolx SHE

WAEA, 358, FNEFZEA} @ ZFEE Table

4o A s

rsL' Prl

oZ

34. AMAIRe HE
B Ao ST EARYe] AAN R e
AEAS AESH] 98t 37t 599 A
‘ﬁ_

4
YRS ARAG) 74 E FAAFH G PRE A
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1: Sulfadiazine
m/z 251 — 156

l: N+-acetylsulfadiazine
m/z293 — 134

1:: Sulfamerazine
m/z 265 — 156

o |A‘ N+-acetylsulfamerazine
N\ m/z 307 — 134

o Sulfamethazine
m/z279 — 186

- N+-acetylsulfamethazine
m/z 321 — 186

. Sulfamethoxazole
m/z 254 — 156

- —5 N4-acetylsulfamethoxazole
e m/z296 — 134
l: Sulfathiazole
m/z 256 — 156

= A NA-acetylsulfathiazole-d,
=3 I m/z 302 — 138

100
Sulfamethoxazole-N!-glucuronide
s0 m/z 428 — 252
0 = = s s s = = = = = = =
o

(b)

Fig. 5. Chromatograms of sulfonamide antibiotics and their metabolites (a) positive mode, (b) negative mode.

Table 4. Method detection limits(MDL), recoveries, precision, and accuracy for sulfonamide antibiotics and their metabolites

Compounds MDL (ng/mL) Recovery (%) RSD (%) Bias (%)

Sulfadiazine 0.006 7322 6.77 -0.75
Sulfamerazine 0.007 69.24 7.81 -0.77
Sulfamethazine 0.006 66.16 5.58 -0.08
Sulfamethoxazole 0.017 85.38 16.99 10.68
Sulfathiazole 0.003 65.83 4.43 -0.86
N*-Acetylsulfadiazine 0.011 84.35 6.15 -5.45
N*-Acetylsulfamerazine 0.038 85.94 5.02 -2.66
N*-Acetylsulfamethazine 0.004 87.33 4.67 2.16
N*-Acetylsulfamethoxazole 0.187 85.47 6.74 -4.42
Sulfamethoxazole-N'-glucuronide 0.001 114.86 6.91 321

FEH) 1400 thgh dZotr|=A] 4] Z Ak 9 Z 550 AIEoEA FAA FolA 4F0] HE

AREEE AR HRow, AEE A5 FEH 2= 0.008~2.153 ng/

Vol. 23, No. 5,2010
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C P2

A71E - el

Table 5. Occurrence of sulfonamide antibiotics and their metabolites in effluent of STPs and livestock WWTPs (ng/mL)

Compound A B C D E F G H
Sulfadiazine N.D. 0.008 N.D. N.D. N.D. N.D. N.D. N.D.
Sulfamerazine N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Sulfamethazine N.D. 0.009 N.D. N.D. N.D. N.D. N.D. 0.075
Sulfamethoxazole 0.110 0.032 0.087 0.070 0.047 0.017 TR 0.198
Sulfathiazole N.D. 0.066 N.D. N.D. N.D. N.D. N.D. 2.153
N*-Acetylsulfadiazine N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
N*-Acetylsulfamerazine N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
N*-Acetylsulfamethazine N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
N*-Acetylsulfamethoxazole TR TR N.D. N.D. TR TR TR N.D.
Sulfamethoxazole-N'-glucuronide N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.

*N.D. =Not Detected, TR=Trace

e Sulfadiazine
s m/z 251 — 156
o
1o N#4-acetylsulfadiazine
so _.,‘,.J\\f’\‘ e m/z 293 — 134
o
100 \/j\\
50
R 3 /V\fVJ\'fN AN J\A,A} WA R
roo N4-acetylsulfamerazine
0 m/z 307 — 134
L]
100 A
s0 ()
o N N

o

100 N4-acetylsulfamethazine
s m/z 321 — 186
N A

1o0 T | Sulfamethoxazole
50 ’
L]

1 '-.}\‘ m/z 254 — 156
Y AN
100 \ N4-acetylsulfamethoxazole
sog Lo m/z 296 — 134
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