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High-performance liquid Ghr~mat~gra~hy-th~~~~~~ay 
mass spectrometry of ten sulfonamide antibiotics 

Analysis in milk at the ppb level 

J. Abidn, M. 1. Churchwcll and W. 4, KorftnachcP 

ABSTRACT 

INfKODCJCTlON 

Suifonnmidcs are a group of nntibacteriat agents 
widely used in veterinary practice for the treatment 
of infections and to promote growth of food-pro- 
ducing animals. The presence of residues of these 
compounds can be detected in meat [t] and milk 
[2,3] from treated nnimals. Owing to the possibIc 
carcinogenic chawctcr of some members af this 
group [4,5]. and the potcntir\l development of rcsist- 
ancc through ingestion that could make sutfona- 
tnidcs incff~wtivc as therapeutic drugs [6]. analysis 
for these compounds has become necessary in food 

surveys. For WN~~C sulfonamidt~ the US Food and 

Drug Ahinis~ration has wablish4 limits that os- 
cillate between 0 and 100 ppb (w/w) in edible animal 
tissues and bctwwn 0 and IO ppb in milk [?I. 

Current rtnnlgtical methods for sulfonamides arc 
based on gas chromatographic (GC) or liquid chro- 
m;ltogr.aphic (LC) techniques, Various methods us- 
ing GC with electron-capture detection [Sl or high- 
pcrfornwux LC (HPLC) with WV detection (91 that 
aKord dclection limits below the 100 ppb lcve1 have 
been published rcxently. In addition. mass spec- 
tromctry (MS} w;\s suggested or used for confirma- 
tion of the target compounds by these workers. 

HPLC methods o&r the advantage over GC that 
they require no previous derivatization of the sam- 
ple. Some tcchniqucs that use LC-MS interfaces 
such as HPLC-MS using direct liquid introduction 
(DLI) [IO] and supcrcriticai fluid chromatography 
coupled to TSP or moving-b& interfaces [II] have 
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been shown to be uscfuul for analyses for sulfonu~ 
midcs in mcut and some biological fluids such ns 
phtsma and urine, RCcCnt~y, PkdsdncC et ~1. [12] 

showed the utility of HPLC-ionspmy MS for the 
d~te~inution of 21 sulfonumides and dcscribcd the 
application of parallel HPLC-diode-array UV dc- 
tection and HPLC-ionspmy tandem mass spcc- 
tromctry (MS-MS) to the charactcrizlttion of sulfa- 
dimcthoxinc in salmon flesh. Finally, LC-dcctro- 
spray MS using capillury LC and capillary zone 
clcctrophorcsis has also been applied by Perkins et 
ctl. [IS] to the analysis of sulfonamide standards. 

Among the LC-MS tcchniqucs. HPLC-- thormo- 
spray (TSP) MS could bc considcrcd as one of the 
most suitable methods for the dctcrmination of mt- 
Jium- and high-polarity compounds. TSP bus been 
appiicd previously with good results to the dctcrmi- 
nation of ~~~~fon~~tt~id~s in mcut 1141. Although the 
clucnt composition with TSP is rcstrictcd to a icli\* 
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tivcly narrow range of butExs und soivents, the 
spcctromctric information obtained often easily 
compcnsutcs for the loss of chromutographic scp- 
urution or resolution. Further, MS-MS tcchniqucs 
am bc applied in order to cnhancc structural in- 
formation. The inhcrcnt high selectivity of the MS- 
MS tcchniquc often allows the design of methods 
with minor sample clean-up rcquircmcnts. 

In this pupcr, WC dcscribc the use of HPLC -TSP- 
MS and HPLC-TSP-MS-MS for the dctcrmina- 
tion of ten sulfonumidcs (Fig. 1). This list includes 
the more important ones in terms of the violation 
rates of the established maximutn Icvcls. i,c., sulfa- 
mcthrrzino, sttll:(\dimctkoxiIlc, sulfathiazolo and sul- 
f~~ch~oropyrid~~~ittc [X], 

Sulfothiozole (ST21 

Sulfomethkole EMT 2) 

IiZN 

SulFochlorepyrida2ine [SCP) 

Sulfodimcthoxine (SDMf 



this laboratory for ;I group of three suif~nn~nid~~ 
[IS]. In this work, WC also tcsted the USC of on-tine 
prccouccntration und clean-up rtwhods in order to 
obtain u rapid und specific proccdwc for muhi-rcs- 
iduc analysis, 

Su~fttt~ilttt~~i~~~ (SNL), sultkpyridittc (SPD). sulfu- 
dikt\c (SDZ), sulfamcrrtzinc (SMR), s\\lfi\\~~cthi\- 
zinc (SMZ), srrifitthinzotc (STZI, s~t~fitt~~~~hizol~ 
(SMTZ), sulfact\loropyriduzitlc (SCP). sulfudi- 
ntcttmsinc (SDM) end sulfttyuitlosltlinc (SQX] (see 
Fig. I) wcrt ohtt\incd from Sig\tx\ (St. Louis. MO, 
USA). Stittldurd solutions I\\ I illg llll in lllUtlliii~Ol 

were prcparcd ;\f~d stored hclow 0°C‘. 
At~~t~~oni~ttl~ ucf%ttc WOS ohti\incd from Fluka 

(Ronkonkomn. NY, USA). Water WIS pt\ritiwi 
through I\ MilkQ systc\\~ (Milliporc Wrtcrs, BLU- 
ford, MA. USA). Other n’ugcnts i\\>d solvcnts wcrc 
of ~ttlalyticul-rcagct\t or chrr, . Lt0jpphic grcdc. 
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Fig, Z!. Suhcmc ot’thc HPLC’ system uscvi for the rrnnlysis trl’tnilk sttmplcs. Vttlvr: position is dtqictud us it is during TSI’ andysis (COL I 
on-line with COL 1). The vnlvc VI allows hnckfiushiny uf the prucolum COL I; V&JO V2 switches the exit oI’CQL I bctwcm~ WASTE 
(during prc~onocntrttGon and clean-up\ ttnrl thr entry of’ COL :! (dutiny TSP anntysis). For deltdls. see text. 

intertim throu(lzh it 05pm on-line HPLC filter. 
The interface tcmpcraturc was set at 80-85°C. 

The source and manifold tcmpcraturcs were kept at 
250 and 70°C. respectively. For the MS-MS expcri- 
men&, argon nt ca, 0.4 mTorr (I Torr = 133.322 
Pa) (manifold rcndout) was used its the collision 
gas. Collision encrgics of 40-50 OV were used for 
most of the work. 

REStJtTS AND DISCUSSION 

The structures of the compounds assayed arc dc- 
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pictcd in Fig. I. The on-lint UV and TSP profiles 
obtained using our chromatogruphic conditions arc 
shown in Fig. 3. As can be seen in the UV profile, 
..xccpt for the pairs SMZ-SMTZ (8.4 min) and 
SDM-SQX (12.1 min). complctc chromatogruphic 
rcsotution was obtained. The chromatogruphic 
peaks in the TSP profile show some tailing that is 
not obscrvcd in the corresponding UV chromato- 
gram. This loss of resolution on the TSP profile was 
not the result of the prcscncc of dead volumes due 
to the on-line UV dctcction system and thus should 
bc cxplaincd by band diflusion and udsorption-des- 
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orption processes in the TSP interface These ad- 
sorption-dcsorption phenomena could also be IV- 
sponsiblc for some spurious TSP signals, such as 
that obscrvcd at 8 min in the profile. 

Acctonitrilc was shown to be a better organic 
modifier than methanol for this application (Fig. 4) 
Although in general methanol affords better ion- 
ization elIiciencies than ACN when these solvents 
are used at medium or high concentrations in TSP. 
in this instance methanol-based elucnts showed 
more background noise and instability during the 
gradient mixing process. In addition, TSP chro- 
matographic peaks wcrc sharper using ACN as the 
organic modifier. 

The use of an interfac:acr: tempcraturc gradient was 
not ncccssary for good performance -because the 

KN concentration was kept low during the chro- 
matography and most of the compounds clutcd in a 
mu-row range of ACN percentage (between M. 15 
and 35%). 

The TSP mass spectra of these compounds were 
=ry simple (Table I). Except for SNL, all the spore 
tra showed a bitse peak due to the w + H’j’ ion 
and very little if any frsgment ion signak SNL 
showed an w + NH&@ adduct (base peak) in ad- 
dition to the protonated molecule. Other low-abun- 
dance: &gnats were observed in the spectra. SMZ 
SCP, SDM and SQX showed signals at wH4SSf* 
that also were observed in the collision-induced dis- 
sociation (CID) spectra as shown betow. Further, 
SPD showed a signal at m/t I86 that could arise 
from the loss of SO, from the w + H]+ ion a? m/z 
250. 

100, 
50. u 

O- 1 2 3 i 5 6 + b 9 io 

rooj ml?.: 265 
60 

20 1 
80 m/z: 229 

Time (min) 

Fig. 4. HPLC-TSP-MS ofSM2. SMR and SPD using (a) MeOH- and (b) ACN-bastxl clucnts. The clucnt gradient progrrtms wwc (a) 
from 10 to 17% McOH iu 4 min nrtd (b) front 12 to 25% McCN in 4 min. Other conditions its de&bed under Experimcntai. 
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TABLE 1 

TSP MASS SPECTRA AND RETENTION TIMES (Q OF 
THE TEN SULFONAMIDES 

As fhc ten compounds have difkrcnt rcialivc mo- 
Iccular masses, co-cluling sulfonamides can citsily 
bc diflcrcntiatcd by their diffcrcnt [M -I- H] + base 
peaks, For this mason, chromatographic resolution 
and separation arc not as critical paramctcrs 3s in 
UV methods and thcreforc it is not ncxccccsary to USC 
time-consuming HPLC proccdurcs or mow than 
one injection per sample as dcscribcd previously for 
the multi-residue analysis of these compolmds [9]. 

Full-scm detection limits wcrc in he rung 5 20 
nt; of the compounds injcctcd on-column (scan 

range 150-330 u, S/N > 3 for the ion tract at [M -t- 
H] + 1. These values arc slightly over the 2 ng dctcc- 
lion limit (.S/il’ 2 5) estimated for the UV annlysis 
using our chromutographic system. UV dotcction 
limits WC dctcrmined by the high absorption of the 
cluent and the basclino drift at high dctcctor scnsi- 
tivttics owing to the ummonium acctatc bull& and 
the ACN gradient programming. Further, and for 
comparative purposca, it should bc taken into IK- 
count that the rcduccd path length of the microhorc 
UV cc!l results in the loss of about two thirds of the 
sensitivity of u conventional cell. 

Sclcc+!<d ion monitoring of the [M + H] + sign;+ 
([M -t- NH.J’ for SNL) ail’ordcd dctoction limits 01 
(‘a. 400 pg on-column (multiple ion detection of the 
ton ions. 2 s per cycle. S’/V > 5). These clctcction 

limits could be towcrcd to the 100 pg Icvcl‘ by pro- 
gramming the ions to be monitored at the different 
clution zones (one to three ions monitored at the 
sitmc time). 

CID of the [M -I- H]’ ion ([M + NH*]’ for 
SNL) gives tandcnt mass spewi\ charactcrizcd by 
four major signals ut ml: 92, 108, 156 and Nr - 154 
(Tabtc II und Fig. 5). Thcsc signals arc cquivalcnt to 
those previously obscrvcd in DLl [lO], chemical 
ioniztrtion [S, 16,171 ionspruy [ 121 and clcctrospmy 
1131 MS-MS of thcsc compounds. Brumlcy et nl. 
f 171 using high-resolution mass mcawrcmcnts and, 
more rcccntty, Pleasance et ul. (121 using the data 
obtained from yranddaughtcr ion cxpcrimcnts sug 
gcstcd some possi blc st ruct urcs and formation 
pathways for thcsc ions. In addition to thcsc major 
daughter ion peaks, signals corresponding to the 
[MH - 931” und [MH - 66]+ ions WC obscrvcd in 
some of tho spocw:t wit;1 low rclativc ubundancL\ 
and can bc assigned to the fO$GNHR] * und [MH - 
H$‘%&]’ ions (10,12,13.16,17]. 

Collision-induced ions at w/z 92, 108 and 156 arc 
common to the sulfonamides when TSP is used i\s 
the ionizing rcchniquc. It is intcrcsting that, for 
SNL. the signal at m/z t56. also prcscnt in its clcc- 
trospnry tandem mass spectra [ 131, is not obscrvcd 
in the CID spectra of‘thc [MH] * ion when ionspray, 
a closely rcluicd ion cvuporation-bnscd tcchniquc. 
is used [IZ]. Thzsc common dauphtcr ions can bc 
used for group rcccwi&~n in MS- MS. In this way, 
sclcctcd reaction monitoring in the parent ion mode 
(Q3 ~OCUSCS On th frngtncnt at iit : I56 and Ql 
focuses altcrnativatcly on the difl’crcnt [M + H]’ 
parent ions) aH’ords additional specificity to the 
analysis. The fragment at i??/: 156 was sclcctod us 
the daughter ion to be monitored bccausc of its high 
rclativc abundnncc in all ten of the sulfonim~idcs. 

Qptimum collision gas pressure (dctcrmincd as 
that which provides a ii~;~~it~~~~Ii~ signal ut 50 cV col- 
lision cncrgy) wits found bctwccn 0.3 und 0.5 mTorr 
(manifold ruudout) for this fragntcntation. Lower 
or higher prcssurcs afl’ordcd a law CID fragment 
intensity owing to a small nnmbc; ol’collisions or to 
ion scattering, rcspcctivcly. Ch~~rilctcrizatiotl 0T the 
itctual BW prcssurc NW SHOWN to bc Only i\pprOsi- 
mate. wd the avcragc 0.4 mTorr pas prcssurc sc- 
lcctcd for the cspcrimwts oscillntcd its far as 0.05 
0.07 mTorr around the Wrl!rilI wluc diwitig normal 
TSP opcrution. 



The cl%ct of the collision cncrgy on the total peak 
area for each sulfonamide is shown in Fig. 6. Ail the 
contpounds showed a nwiin~un~ signal lcvcl bc- 
twccn 30 and 60 cV. t3clow 30 eV, the rcsponsc dc- 
crcnscs rapidly. cxcopt for SNL (for which the sc- 
lwtod parent is the [M + NH41 * ion). which shows 
intcnsc frugmcntation ions at cncrgics as low as IO 
CV. 

Owing to ion scatwring in the collision ccl1 and to 
rhc note-quantitative frugmcntarion prozcsscs. dc- 
tcztion limits in the MS-MS mode arc higher than 
those obtained in the MS mode (2 ng on-column 
when monitoring the ten fM + H]+ parents). 

The detection limits arc low enough to allow the 
multi-rcsiduc anrtiysis of thcsc contpounds at the IO 
ppb Icvcls rcquircd for milk surveys. Although 
wmc work has been done on their dotcrmination in 
meat by TSP [ 141. no data have been rcportcd for 
milk csccpt for our prcliminar~ report where dilut- 
ed milk sampics wcrc injcctcd into the HPLC -TSP- 
MS system without prior clean-up [Is]. Currwt 
ntcthods for the extraction of culfonamides from 
miik utilize large volumes of organic solvents such 
8s dicthyl ether and ethyl acetate and arc not suit- 
able for automation of analysis. In order to over- 
come tnesc problems. some workers have shown the 
utility of solid cartridge cstraction columns for 
sample clean-up (lS,19]. Extcnsivc clean-up is rc- 
quired owing to the low lcvcls to be measured and 
the presence o? co-cluting compounds in the milk 
that also show a xsponso using the WV dctaztor. 

In Fig. 7. the ion traws obtained in the analysis of 
;I milk sample spiked at 20 ngml WC shown. The 
caraction proccdurc dcscribcd under Expcrimcntal 
USC’S nlinimunl s~m~plc and organic sotvent volumes 
and hcncr it should be possible to process in parallel 
a large number of samples rapidlq. Although the 
clean-up is not good enough for HPLC -UV dctcc- 
tion. the sensitivity and spwificity of the HPLC- 
TSP-MS techniyuc allowed the analysis of milk 
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samples using this simple proccdurc, Initially, the 
extraction procedure used included only protein 
precipitation and lipid extraction, An aliquot of’ the 
aqueous phase was injected dircctiy into the NPLC 
system. Using this method, rapid degradation of the 
TSP Esponsc occurred owing to the deposition of 
solid materials in the interface tip. This rcsiduc, 
probably from milk carbohydrates and remaining 
proteins, was eliminated using the methanol cxtrac- 
tion as described under Expcrimcntal. 

The prcconccntration and clean-up system 
shown in Fig. 2 was used with good results. The 
system could bc easily automtttcd nnd needs only 

two diffcrent solvent solutions, A continuous ilow 
through COL 2 is assured by means of PUMP B 
when the exit of the prccolur.~n is directed to waste. 
In this way, it is possibtc to maintain a more stable 
TSP performance and to stabilize COL 2 with the 
initial cluent composition during the injection and 
clean-up steps. The Spectra-Physics pump used for 
chromatography was very sensitive to prcssurc 
changes and some flow-rate problems afkting 
proper TSP intcrfacc pcrformancc were observed 
when the cluent of PUMP A was dircctcd to COL 2 
from the “waste” position. Thcsc problems were 
eliminated when a rcstrictor (nn old 10-ilm unnlyt- 
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ical column), situated in the waste exit, was used to 
smooth the prcssurc diffcrcnce bctwccn the two po- 
sitions of vatvc V2. In some instances, the use of 
sample loops and injection volumes of up to 1 ml 
was tested without observing any detrimental &II--t 
in the TSP analysis. Prccolumn concentration al- 
tows further sample clean-up by mtaining lipid ros- 
iducs that can be washed out a&x each analysis. 

Also. the method climinatcs polar compounds 
from the sample that could plug the interface or 
intcrforc with the ionization processes. Wcncc, after 
prccolumn washing, the common Nn+ (or Cl - in 
the ncgativc-ion mode)-dcrival adducts usuull> 
present in the spectra ofcompounds from sittt-cot\- 

tuininp matrices wcrc not obscrvcxl. An unrcsolvcut 

60 
i 
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problem of the on-iinc pnmlumn concentration 
method is that the washing step results in the toss of 
SNL. This compound, the most polar of the group 
assayed, showed low retention characteristics in the 
pmcolumn system and clutcd (the UV dctcctor was 
conntvltcd to the waste exit) as a broad peak in the 
first 5 min even when the &tent contained no ACN. 
In contrast, no tosses of SD2 or STZ, the next clut- 
ing compounds, wcrc detect& under these condi- 
tions during a IO-min clution period. 

As can be seen in Fig. 7, matrix-derived back- 
ground noise and peak intcrfercnccs am not impor- 
tunt in dctcrmining the ovarall sensitivity of the 
?SP tazhniquc. Thus. HPLC-MS-MS procedures 
oft’cr no itdvantagc over HPLC,--MS for tram dcttu- 
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tion in milk (actually, MS-MS shows higher detec- 
tion limits than SIM analyses) but can be used when 
the amounts of  the target compounds are at the 
high ppb level and a more specific characterization 
of the compounds is required. 

CONCLUSIONS 

The ten sulfonamide antibiotics tested in this 
work can be separated and characterized by 
HPLC-TSP-MS and HPLC-TSP-MS-MS. Co- 
eluting sulfonamides SMTZ and SMZ and SDM 
and SQX are readily resolved by their different rela- 
tive molecular masses. The sensitivity of the tech- 
nique allows its application to the multi-residue 
analysis of these compounds in biological matrices 
with minor sample preparation. The technique al- 
lows the detection of nine of these compounds in 
milk at the low ppb level using a simple and rapid 
clean-up procedure, and could be easily adapted to 
other HPLC.UV sample preparation methods lot' 
compound confirmation and/or characterization 
using H P L C - M S  or  H P L C - M S - - M S .  
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