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Abstract

The effects of the type and concentration of buffer, composition of the mobile phase and the ionization mode, used for the
separation and detection of sulfonamides with LC–MS, were studied. Five typical sulfonamides were selected as target
compounds and beef meat was selected as a matrix sample. For the separation of sulfonamides, 0.05M NH Ac in 13–15%4

aqueous acetonitrile, APCI ionization was more effective than ESI with regard to separation efficiency and the detection
sensitivity.
   2002 Elsevier Science B.V. All rights reserved.
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1 . Introduction meat [2,4–7], fish [3,8], milk [9–11], egg [12,13],
urine [14], and animal manure [15]. Most of the

Sulfonamides are widely used as veterinary drugs LC–MS methods have been used various separation
for the treatment of infections and the promotion of conditions and ionization methods. The separation
growth of livestock and fish [1–6]. Sulfonamide and ionization conditions affect the precision, ac-
residues in food are an important concern, due to the curacy and sensitivity of sulfonamide analysis. In
possibility of risk to human health, such as resistance relation to separation, Ito et al. [6] described optimi-
development and toxicity [2,6]. Many countries, zation of a mobile phase consisting of acetonitrile,
including Korea, have established maximum residue methanol, and aqueous formic acid solution. In
limits (MRLs) of 100 ng/g for most sulfonamides in general, most of the present LC–MS methods were
edible animal tissues and 10 ng/ml in milk [3–5,7]. focused on application to different matrices and

A number of LC–MS methods have been de- identification of sulfonamides using MS–MS.
veloped for the analysis of sulfonamide residues in This report focused on the comparisons of sepa-

ration conditions and ionization methods for sul-
fonamides in LC–MS. The separation efficiency and*Corresponding author. Fax:182-42-868-5042.

E-mail address: dhkim@kriss.re.kr(D.-H. Kim). the detection sensitivity of LC–MS were examined
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1by changing the kind of buffer, the concentration of sulfonamides ([M1H] ; SDZ, m /z5251; STZ, 256;
13the buffer, the composition of LC mobile phase, and SMTZ, 271; SP, 250; SMZ, 279; C -SMZ, 285;6

the ionization method (APCI, ESI). SDM, 311) were scanned within a 10-u window. The
windows were programmed for the acquisition of
different compounds. APCI conditions were: sheath
gas flow-rate: 50 (the arbitrary value of LCQ instru-2 . Experimental
ment); vaporizer temperature: 4508C; discharge
voltage: 5.5 kV; tube lens offset voltage: 25 V;

2 .1. Chemicals capillary temperature: 1508C; and capillary voltage:
10 V. For the ESI experiment: sheath gas flow-rate:

The sulfonamide standards were purchased from 50; spray voltage: 5.5 kV; tube lens offset voltage:
Sigma (sulfamethazine, SMZ, S-5632; sulfadimeth- 20 V; capillary temperature: 2008C; and capillary
oxine, SDM, S-7007; sulfathiazole, STZ, S-9876; voltage: 20 V.
sulfadiazine, SDZ, S-8626; sulfamethizole, SMTZ, A high-speed blender (MC1-12–37 ml; Waring,
S-6256; Sigma, St. Louis, MO, USA). Sulfapyridine New Hartford, CT, USA) was used for the extraction
(SP, S-6252, 99%, Sigma), and isotopic enriched of sulfonamides in meat.13sulfamethazine (-phenyl- C , atomic purity 90%,6 For the filtration of sample extract or final sample13CLM-3045, C -SMZ; Cambridge Isotope Labora-6 solution, 2.0mm membrane filter (47 mm, Zefluor;
tories, 50 Frontage Road, MA, USA) were used as an Pall Gelman Lab, MI, USA) and 0.2mm syringe
internal standard. Acetic acid (HAc, 99.7%; Showa, filter (4 mm, nylon; Whatman, NJ, USA) was used.
Tokyo, Japan), ammonium acetate (NH AC, 97%;4

Aldrich, St. Louis, MO, USA), formic acid (FA, 2 .3. Sample preparation
96%; Aldrich), trifluoroacetic acid (TFA, 991%;
Aldrich), sodium phosphate monobasic (NaH PO ,2 4 As a sample matrix, beef meat was purchased
Merck, Darmstadt, Germany) were used as buffers from the market and preserved at220 8C until use.
for the HPLC solvent, or for the pH control for For the preparation of sample, 10 g of pre-ground
samples. Acetonitrile was pesticide grade (Burdick & meat was weighed in a 20-ml bottle, and spiked with
Jackson, Muskegon, MI, USA). For SPE, LiChrolut five sulfonamides (concentration level of each sul-
EN (200 mg, Merck) was used. fonamide was 75 ng/g), and internal standards. The

sample was transferred into a mini-container of a
2 .2. Equipment high-speed blender, and extracted with 20 ml of

acetonitrile and 2 g of sodium phosphate for 2 min.
A chromatograph equipped with a HP 1050 auto- The extract was filtered with suction through a 2.0-

sampler and pump (Hewlett-Packard, Washington, mm membrane filter. The volume of the filtrate was
DC, USA) was used. Phenomenex ODS2 (2503 reduced to 5 ml by reduced pressure rotary evapora-
2.535 mm; Phenomenex, CA, USA) was used as a tion at 408C. The Lichrolut EN SPE cartridge was
stationary phase. Samples were separated in an preconditioned with 15 ml of acetonitrile and water.
isocratic condition. The HPLC conditions were as Into the concentrated solution, 100 ml of pure water
follows: volume injected: 2ml; column pressure: 600 was added and passed through an SPE cartridge with
p.s.i.; temperature: 258C; and flow-rate: 200ml /min. a flow-rate of 3 ml /min. The SPE cartridges, washed

A Finnigan LCQ iontrap LC–MS system (Fin- with 2 ml of pure water and enriched sulfonamides
nigan, San Jose, CA, USA), equipped with an were eluted using 20 ml of acetonitrile. Then the
atmospheric pressure chemical ionization (APCI) or solvent was removed to dryness by rotary evapora-
electrospray ionization (ESI) source, was used. The tion. The residue was reconstituted with 250ml of
LC–MS system was operated at a high resolution HPLC eluent and filtered through a 0.2-mm syringe
MS scan (Zoom Scan) and a positive-ion mode. In filter to a 300-ml vial insert (part no. 5181-1270;
this modes LCQ conducts a high-resolution scan of Agilent, Wilmington, DE, USA) for a 2-ml auto-
10 a.m.u. width, so the protonated positive ions of sampler vial.
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3 . Results and discussion

The variation of retention time of sulfonamides on
ODS2 column by the type of buffer is shown in Fig.
1. When using ammonium acetate as a buffer, most
of the compounds show good resolution. In the case
of using acetic acid (HAc), formic acid (FA) and
trifluoroacetic acid (TFA) as a buffer, the elution
time of SDM and SMTZ increased dramatically, on
the other hand resolution between compounds de-
creased. This can be explained as follows. The pKa

values of HAc, FA, and TFA were 4.76, 3.75 and
0.3, respectively. These buffers suppress deprotona-
tion of sulfonamides (pK 5.4 (SMTZ)|7.4 (SMZ)),a

thus, the interaction between the C stationary phase18

and SDM or SMTZ increases relative to other
Fig. 2. Variation of retention time of sulfonamides with thesulfonamides, because these compounds have two or
concentration of acetic acid in mobile phase (ODS2, 20% aqueous

one methyl group, respectively. On the other hand acetonitrile, LC–ESI–MS, 5mg/g standard solution).
ammonium acetate (pH 6–7) promotes deprotona-
tion, as results the polar interaction between mobile
phase is superior to nonpolar interaction between the was decreased, and the improvement in resolution
stationary phase and the methyl group. As the was not significant (Figs. 2 and 3).
concentrations of HAc or NH Ac were rose (HAc, The effect of the ionization method and solvent4

0.07–0.6M; NH Ac, 0.01–0.085M), retention time composition on the separation of LC–MS or re-4

sponse was compared at a constant concentration of
NH Ac (0.05 M) and HAc (0.3 M) (Table 1).4

LC–MS shows an optimum separation by using

Fig. 1. Variation of retention time of sulfonamides with different
buffers (column: ODS2; mobile phase: 20% aqueous acetonitrile,
LC–ESI–MS, 5 mg/g standard solution). Additive 1: 0.15M Fig. 3. Variation of retention time of sulfonamides with the
acetic acid; additive 2: 0.05M ammonium acetate; additive 3: concentration of ammonium acetate in mobile phase (ODS2, 15%
0.03 M formic acid; additive 4: 0.01M trifluoroacetic acid. aqueous acetonitrile, LC–APCI–MS, 5mg/g standard solution).
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Table 1
Effect of experimental conditions on the separation of sulfonamides and on the response of LC–MS

Ionization Acetonitrile SDZ STZ SMTZ SMZ SDM
cmode (%) dt (min) Response t (min) Response t (min) Response t (min) Response t (min) Responser r r r r

aAPCI 10 5.8 730 9.2 650 6.1 380 16.1 910 20.4 610
15 5.2 920 7.5 800 3.7 510 12.6 1100 18.8 800
20 4.4 950 5.7 890 3.5 560 8.2 1200 10.9 920
25 3.8 990 4.3 890 3.2 570 6.2 1200 7.2 920

aESI 15 5.2 26 7.5 40 3.7 20 12.6 270 18.8 190
20 4.4 16 5.7 29 3.5 11 8.2 200 10.9 150
25 3.8 15 4.3 30 3.2 12 6.2 190 7.2 150

bESI 10 9.6 490 11.7 720 20.8 510 20.8 1300 – –
15 7.0 480 7.9 740 11.8 550 12.4 1400 – –
20 5.6 500 5.9 810 7.9 570 8.6 1400 23.8 1400
25 4.8 590 4.9 960 6.1 700 6.7 1500 13.9 1300
30 4.4 710 4.4 1200 5.2 760 5.8 1600 9.8 1500

Sample concentration, injection volume and column: 5mg/g, 5 ml, ODS2, respectively. SDZ, sulfadiazine; STZ, sulfathiazole; SMTZ
sulfamethizole; SMZ, sulfamethazine; SDM, sulfadimethoxine

a Ammonium acetate was added to the mobile phase in the concentration of 0.05M.
b Acetic acid was added to the mobile phase in the concentration of 0.3M.
c Aqueous acetonitrile solvent.
d Peak area/10000 (n52).

1NH Ac instead of HAc. The influence of acetonitrile and NH ions in the gas phase easily protonate the4 4

composition on the retention of sulfonamide was sulfonamides. As the concentrations of NH Ac rose4

severe. When using HAc as a buffer, the acetonitrile from 0.01 to 0.085M, the response of LC–APCI–
composition of 10–15% could not elute SDM. On MS slightly decreased to 0.05M, then slightly
the other hand, acetonitrile composition of 20–30% increased to 0.085M, but the improvement of
could not separate all compounds (Table 1, Fig. 4B). response was not significant.
As shown in Fig. 4C, gradient elution can improve On ESI, for removing ionization suppression
separation when using HAc as a buffer, but the phenomenon by residual interference [16,17], the
change of solvent composition during elution in- more separation power of LC–MS is needed so the
fluences the response of LC–MS. utilization of APCI and NH Ac buffer system may4

As the acetonitrile composition in the aqueous have more advantages than ESI with regard to
solvent rose from 10 to 20 (or 30%), the responses of separation and sensitivity.
LC–MS were slightly increased. This can be sup- As shown in Fig. 4, when the compositions of the
posed as a result of the easy desolvation by more acetonitrile in eluent were below 20% (Fig. 2A and
volatile acetonitrile. When using NH Ac as a buffer, C), the peaks of some sulfonamides were broad. This4

APCI shows a greater response instead of ESI. On can be explained as intracolumn band broadening by
the other hand, ESI shows greater response by using the diffusion of the sample band, because the stan-
HAc instead of NH Ac. These results can be ex- dard mixture of five sulfonamides in 100% acetoni-4

plained by the ionization mechanism of the ESI and trile was injected to the ODS2 column. This un-
APCI. In the ESI mode, protonated sulfonamide ions wanted phenomenon could be resolved by using the
can be easily formed in solution under more acidic same solvent with eluent to make a standard solution
conditions. On the other hand, in the APCI mode, and sample solution (Fig. 5).

1 1H O and NH ions can be made from solvent, To demonstrate the separation of sulfonamides in3 4

buffer, and nitrogen cations, which are produced by real world sample, sulfonamides and internal stan-
1corona discharge to N gas; thus, the acidic H O dards spiked in meat sample were extracted using2 3
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Fig. 4. Extracted ion chromatograms of LC–MS for standard solution (2mg/g) obtained with three different mobile phases. (A)
CH CN–water–aqueous 0.1M ammonium acetate (15:35:50, v /v), APCI. (B) CH CN–water–aqueous 0.7M acetic acid (30:20:50, v /v),3 3

ESI. (C) Gradient from 10:90 to 25:75 (CH CN–aqueous 0.7M acetic acid, v /v) for 3 min and isocratic with 25:75, ESI. (1) Sulfadiazine3

(SDZ), (2) sulfathiazole (STZ), (3) sulfamethizole (SMTZ), (4) sulfamethazine (SMZ), (5) sulfadimethoxine (SDM).

acetonitrile and the extract was cleaned-up and 4 . Conclusions
enriched by SPE. The LC–APCI–MS extracted ion
chromatogram of the standard solution and the In this study, separation conditions and ionization
sample solution of meat separated on ODS2 column methods were explored and compared. When using
are shown in Fig. 5. For the separation of some ODS2 column, 0.05M NH Ac in 13–15% aqueous4

residual interferences, mobile phase composition, acetonitrile showed best separation. The APCI and
slightly changed to acetonitrile–water–0.1M aque- NH Ac system showed more advantages than ESI4

ous ammonium acetate (13:37:50, v /v) was used. and any of the other buffer systems with regard to
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Fig. 5. Extracted ion chromatograms of LC–APCI–MS for standard solution (1mg/g) and sample solution of meat. (A) Standard solution
and (B) meat sample separated using ODS2. (1) Sulfamethizole (SMTZ), (2) sulfadiazine (SDZ), (3) sulfathiazole (STZ), (4) sulfapyridine

13 13(SP, ISTD), (5) sulfamethazine (SMZ), (6) C -sulfamethazine ( C -SMZ), (7) sulfadimethoxine (SDM).6 6
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