
Determination of Sulfonamides in Milk
Using Solid-Phase Extraction and
Liquid Chromatography-Tandem Mass
Spectrometry

Abstract

The extraction of trace levels of nine nitrogen-containing sulfa drugs (sulfamethoxa-

zole, sulfadiazine, sulfathiazole, sulfamerazine, sulfamethizole, sulfamethazine, sul-

famethoxypyridazine, sulfachloropyridazine, and sulfadimethoxine) in milk samples by

solid-phase extraction was studied using Agilent SampliQ polymeric strong cation

exchange (SCX) cartridges. An Agilent 6410 triple quadrupole LC/MS-MS System was

used for the separation and determination of the sulfa drugs. For reversed-phase chro-

matography, an Agilent ZORBAX Eclipse Plus column (C18, 3.0 mm × 50 mm, 1.8 µm)

with a 0.1% formic acid/acetonitrile gradient was used. Overall recoveries from the

milk samples ranged from 73 to 99%, with %RSD values less than 10%. Limits of

detection ranged from 0.2 to 2.0 ng/mL in milk (S/N = 3) depending on the sulfa drug,

below the U.S. Food and Drug Administration acceptable levels in milk. 
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Introduction

Since the discovery of the effective antimicrobial properties of

sulfonamides in the early 1900s, they have been used to treat

a variety of diseases. In the dairy farming industry, sulfa drugs

are administered to dairy cattle to prevent infection. This

leads to the possibility of the drugs being excreted in the milk

and passed on to the consumer. This ingestion can cause a

drug resistance, making the drugs ineffective in later uses to

treat illness [1,2].

Sulfonamides, commonly known as sulfa drugs, have proven

to be effective antimicrobial agents since their discovery in

1929 by Gerhard Domagk. Today, β-lactam antibiotics are

much more commonly used to prevent infection than sulfon-

amides, but sulfonamides are still routinely used in different

parts of the world due to their low cost. Over the years, many 

microorganisms have become resistant to these compounds.

Of growing concern are drug-resistant bacteria that may be

passed from animals to humans. One major cause of the

resistance to these compounds is that feed animals are being

fed antimicrobial drugs at low levels to treat diseases. In the

1990s, the United States Food and Drug Administration (FDA)

began conducting tests on several milk supplies [3]. If dairy

cattle were given sulfa drugs, low levels of these compounds

could be found in the milk, leading to allergic reactions in

some consumers, as well as an increase in drug-resistant

organisms.  This application demonstrates a complete solu-

tion to the analysis in milk of nine important sulfa drugs: sul-

famethoxazole, sulfadiazine, sulfathiazole, sulfamerazine, sul-

famethizole, sulfamethazine, sulfamethoxypyridazine, sul-

fachloropyridazine, and sulfadimethoxine (see Figure 1 for

structures and chemical properties).
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1. Sulfadiazine
 pKa 6.50
 logP 0.2

2. Sulfathiazole
 pKa 7.24
 logP 0.35

3. Sulfamerazine
 pKa 6.98
 logP 0.44

4. Sulfamethazine
 pKa 7.45
 logP 0.43

5. Sulfamethizole
 pKa 5.51
 logP 0.53

6. Sulfamethoxypyridazine
 pKa 7.19
 logP 1.01

7. Sulfachloropyridazine
 pKa 5.90
 logP 1.36

8. Sulfamethoxazole
 pKa 5.81
 logP 1.58

9. Sulfadimethoxine
 pKa 6.21
 logP 1.56

N

Figure 1. Structures and chemical constants for sulfa drugs used in this study.
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Experimental

Materials and Chemicals

Water (EMD Chemicals, Gibbstown, NJ), acetonitrile, and

methanol (Burdick and Jackson, Muskegan, MI) were HPLC

grade. Sulfa drugs were analytical grade and purchased from

Sigma-Aldrich (Saint Louis, MO). The stock solution 

(~1.19 mg/mL) was prepared in 25 mL of methanol and kept

refrigerated for up to 14 days. Working solutions were made

daily by dilution of the stock solution in water. 

The SPE cartridges were Agilent SampliQ SCX, 3 mL/60 mg

p/n 5982-3236), a polymeric cation exchanger with a 30-µm

average particle size. The analysis was performed on an

Agilent 1200 Series HPLC coupled to a 6410 triple quadrupole

mass spectrometer with electrospray ion source.  The analyti-

cal column was an Agilent ZORBAX Eclipse Plus C18, 3.0 mm

× 50 mm, 1.8 µm (p/n 959941-302). Formic acid was pur-

chased from J.T. Baker (Phillipsburg, NJ) (Baker PCS reagent,

90%) for use in mobile phase preparation and for precipitation

of proteins and lipids in the milk.  

Sample Preparation

20 µL of a 45% solution of formic acid in water (prepared by

mixing 10 mL of 90% formic acid with 10 mL of water) solu-

tion was added to each 1 mL of whole milk to precipitate pro-

teins and lipids. The milk samples were then centrifuged at

8000 rpm for 10 minutes (Eppendorf 5810R 15 amp, Westbury,

NY ). Alternatively, the samples may be centrifuged at 

3500 rpm for 20 minutes. An aliquot of the supernatant (pre-

pared whole milk extract) was removed and used to load onto

SampliQ SCX cartridges. 

SPE Purification

After the SPE cartridge was conditioned and equilibrated as

described in Figure 2, 5 mL of prepared whole milk extract

was loaded onto the column. Care was taken that the flow

rate during the load step did not exceed 1.5 mL/min.  During

both drying steps, the cartridge was dried under vacuum at 

15 in Hg for the time indicated. The eluate was dried under

nitrogen and then reconstituted in 1 mL of solvent (9:1

water:methanol). The samples were then sonicated (Branson

1200, Danbury, CT) for 5 minutes and analyzed using the

Agilent 6410 Triple Quad LC/MS-MS system.

Load: 5 mL prepared whole milk
extract onto SPE cartridge 

Wash 1: 2 mL of  5% MeOH in water

Wash 2: 1 mL of 0.5 M HCl

Wash 3: 2 mL of 20% MeOH in water 

Elute: 2.5 mL of 5% ammonia in MeOH

Using 5 mL of whole milk, precipitate
protein/lipids with 45% formic
acid; centrifuge and further  process
supernatant (prepared whole milk extract)  

Condition: 2 mL of 0.1% formic acid in MeOH

Equilibrate: 2 mL of 2% formic acid in water

Dry under vacuum for 3 minutes

Dry under vacuum for 1 minute

Figure 2. SPE procedure.
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Due to the low concentrations of sulfa drugs being analyzed,

and the very low LOD that can be achieved with Agilent 6410

Triple Quad LC/MS-MS system, extra care must be taken to

keep the SPE manifold system clean to prevent contamination

of samples. The manifold system must be thoroughly cleaned

between uses or, if the option is available, needle inserts may

be newly installed.

Separation and Analysis

The chromatographic and MS/MS experimental setup is

shown in Tables 1, 2, and 3.

Results and Discussion

Linearity and Limits of Detection

Solutions used to create external calibration curves were pre-

pared by using a stock solution to spike matrix blanks. Matrix

blanks were created by taking the milk through the entire pro-

cedure, including the precipitation, centrifugation, and SPE

procedures. The results for the calibration curves are summa-

rized in Table 4. The regression results were used to calculate

the recoveries. The limits of detection were chosen as the

concentration of each drug that gave a signal-to-noise (S/N)

ratio greater than 3:1. The limits of detection are given in

Table 4.

Table 1. HPLC Setup

Column Agilent ZORBAX Eclipse Plus C18, 3.0 × 50 mm, 

1.8 µm (p/n 959941-302)

Flow rate 0.42 mL/min

Column temperature  35 °C

Injection volume 1.7 µL w/ needle wash; wash for 30 s in flush port 

with MeOH/H2O (5:1)

Mobile phase A: H2O/acetonitrile (9:1) w/ 0.1% formic acid 

B: Acetonitrile w/ 0.1% formic acid

Run time 8 min

Post time 3 min

Gradient Time 0 3.5 8

%B 0 0 65

Table 2. MS/MS Conditions

TR (min) Compound Precursor ion Product ion

1.69 Sulfadiazine 251.2 156.0

108.0

1.93 Sulfathiazole 256.1 156.0

108.0

2.41 Sulfamerazine 265.2 156.0

108.0

3.44 Sulfamethazine 279.2 186.1

124.1

3.89 Sulfamethizole 271.1 156.0

108.0

4.10 Sulfamethoxypyridazine 281.2 156.0

108.0

5.99 Sulfachloropyridazine 285.1 156.0

108.1

6.42 Sulfamethoxazole 254.2 156.1

108.1

7.17 Sulfadimethoxine 311.2 156.0

108.0

Table 3. Conditions for Electrospray Ionization Source

Gas temperature 350 °C

Gas flow 12 L/min

Nebulizer  40 psi

Capillary  4000 V

Table 4. Calibration Curve Regression Analysis for Sulfa Drugs

LOD in milk
Compound Regression equation R2 (ng/mL)

Sulfadiazine y = 282.62x + 225.59 1.0000 0.4

Sulfathiazole y = 440.38x + 246.43 0.9996 1.0

Sulfamerazine y = 358.34x + 485.54 0.9998 1.0

Sulfamethazine y = 539.09x + 576.81 0.9989 1.0

Sulfamethizole y = 499.57x + 333.03 0.9994 2.0

Sulfamethoxypyridazine y = 494.61x + 139.66 0.9970 1.0

Sulfachloropyridazine y = 343.78x + 92.808 0.9999 2.0

Sulfamethoxazole y = 260.05x – 351.97 0.9901 2.0

Sulfadimethoxine y = 956.97x + 1420.9 0.9973 0.2

Recovery and Reproducibility

The recoveries and precision for the method were determined

at two levels, milk spiked to a concentration of 5 ng/mL and

10 ng/mL. Since the procedure for the SPE used 5 mL of pre-

pared whole milk extract to load the SPE cartridge and the

extract was reconstituted in 1 mL of mobile phase, the sam-

ple analyzed is five times as concentrated as the milk sam-

ples. The analyzed solutions are therefore 25 ng/mL for the

samples that were spiked with 5 ng/mL in milk, and 

50 ng/mL for the samples that were spiked with 10 ng/mL.

The analysis was performed with five replicates at each level.

The recovery and reproducibility data are shown in Table 5.

The chromatograms for the blank and spiked milk extracts 

(5 ng/mL) are shown in Figure 3.  
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Table 5. Recovery and Precision Data for Nine Sulfa Drugs Used in This

Study

Level spiked
in milk RSD

Compound (ng/mL) Recovery (%)

Sulfadiazine 5 74.2 8.3

10 99.7 5.7

Sulfathiazole 5 76.8 4.4

10 83.2 4.7

Sulfamerazine 5 73.2 6.3

10 84.8 0.6

Sulfamethazine 5 78.3 7.5

10 89.0 3.1

Sulfamethizole 5 78.4 7.0

10 94.5 5.3

Sulfamethoxypyridazine 5 76.3 6.2

10 86.9 2.2

Sulfachloropyridazine 5 78.3 9.4

10 84.3 6.0

Sulfamethoxazole 5 74.0 4.3

10 87.7 6.4

Sulfadimethoxine 5 75.4 3.1

10 82.5 5.4

Conclusions

The results of this study show that Agilent SampliQ SCX car-

tridges can be used as an effective method of purification and

Figure 3. Total ion chromatograms of (3a) milk taken through extraction and cleanup, then spiked with sulfa drugs; (3b) milk spiked at 5 ng/mL, then taken

through extraction and SPE cleanup; and (3c) milk blank.

enrichment of multiple sulfonamides in complex samples

such as whole milk. The impurities remaining after the SPE

cleanup step were minimal and did not interfere with the

quantitation of the sulfonamides. The levels at which the

quantitation was performed are below the levels of sulfon-

amides that are considered by the FDA as safe in milk for con-

sumption (10 ng/mL). The LOD for the method was also well

below these levels (3 ng/mL in milk).

References

1. G. G. Khachatourians, Canadian Medical Association

Journal, 159 (9): 1129, 1998

2. M. K. Glynn, C. Bopp, W. Dewitt, P. Dabney, M. Mokhtar,

and F. J. Angulo, New England Journal of Medicine,

Volume 338 (19): 1333–1339, 1998

3. U.S. Food and Drug Administration Center for Food Safety

Applied Nutrition Food Compliance Program Chapter 

03 – Foodborne Biological Hazards (10-01-97)

http://www.cfsan.fda.gov/~comm/cp03039.html

accessed 2/13/09

For More Information

For more information on our products and services, visit our

Web site at www.agilent.com/chem.



www.agilent.com/chem

Agilent shall not be liable for errors contained herein or

for incidental or consequential damages in connection

with the furnishing, performance, or use of this material.

Information, descriptions, and specifications in this 

publication are subject to change without notice.

© Agilent Technologies, Inc., 2009

Printed in the USA

March 11, 2009

5990-3713EN



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


