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Drug Residues in Animal Tissues with relative standard deviations of 2.8-11% across the range
of matrixes at concentrations from 0.020-0.500 mg/kg. The
James D. MacNEiL advantages of high test sensitivity and specificity, combined

116 Veterinary Rd, Saskatoon, SK, S7N 2R3, Canada, Tellive approach for rapid screening of samples for targeted resi-

+1-306-975-5347, Fax: +1-306-975-5711, E-mail: dues. The preparation of sensor chips and factors to consider
jmacneil@inspection.gc.ca in optimizing performance, using clenbuterol,

ethinylestradiol, and trenbolone as sample analytes, was the
Summary subject of a recent publication (3).

Interest continued in the analysis@fagonist drugs, both

A report on the collaborative study on the determination ofas a result of continued concern about nonapproved use of
clopidol residues in chicken muscle is under review by thesome of these compounds, such as clenbuterol and salbuta-
Committee. Out of 18 participating laboratories, 16 reportednol, and with the registration for use in some countries of
results without significant deviations from the method. Re-ractopamine and zilpaterol as production aids. The use of
sults from the 2 remaining laboratories were excluded due ttmmunofiltration as a cleanup for the immunochemical detec-
deviations from the protocol. Extracts are cleaned up on alution of B-agonists was studied as a means to improve screen-
mina and anion exchange solid-phase extraction cartridgethg methods (4). Free antisalbutamol polyclonal antibodies
then analyzed for clopidol using reversed-phase liquid chro¢0.25 mL) were mixed with 0.25 mL test portion of urine
matography with UV detection at 270 nm. Recoveries werqpH 7 + 1) in an ultrafiltration device with a 30 kDa cut-off.
>80% over the analytical range (0.10-5.00 mg/kg) and accuafter mixing on a Vortex mixer and centrifugation at 500
racy and precision were in conformity with required perfor-for 15 min, 0.2 mL PBS was added to the device, which was
mance standards for the concentration range. No other studigsen centrifuged for an additional 15 min. The filtrate was re-
have been approved or completed since the last report. moved and 0.3 mL methanol—=0.1 mol/L acetic acid

Significant developments in the application of optical (1 + 1, /) was added to the retentate to free the bound
immunobiosensor technology have been reported in the pagtagonists. After centrifugation at 50@or 45 min, this fil-
year and this technology shows promise for application ifaie was evaporated to dryness &Gainder a stream of ni-
many aspects of the detection of veterinary drug residues. Tq?ogen and the residue was taken up in 0.5 mL PBS. A

determination of the bronchodilator clenbuterol, banned Ny 050 mL aliquot was then analyzed by an ELISA for

many countries from use in food anlmals_ (_jue_ o toxicity con- -agonists. The combination of the immunodiffusion cleanup
cerns and its unapproved use as a repartitioning agent, was

lished usi lonal antibody i bilized ith the ELISA was found effective for detection of 11
complished using a monocional antibody Immobilized on aB-agonists that were tested, providing a 30-fold increase in
sensor chip (1). Urine samples were extracted teathbutyl

. . : . . test sensitivity over direct analysis of urine by the ELISA. The
ether, then applied directly to the biosensor chip for analysﬁimit of detection for the combined techniques was

Up to 88 samples could be analyzed in a working day, wit .
each cycle of the biosensor requiring approximately 7 min fo r0.00014 mg/L salbutamol equivalents. Performance ofthe test
as successfully demonstrated on known incurred samples

sample application, analysis and flushing prior to analysis of & )
the next sample. Analyses were conducted with reference tové{h'Ch had previously been analyzed by GC/MS.  In another

calibration curve prepared in buffer. Recoveries were in théIUdy’ the applicatipn of an ELISA _using "?‘ monoclonal anti-
range of 95%, with a detection limit of 0.00027 mg/L. ResulisPody for the detection of ractopamine residues was reported,

were comparable with those obtained using enzmyé("ith the ELISA results being compared to liquid chromato-
immunoassay, radioimmunoassay and GC-MS. The biosedraphic result; on incurred samples from cattle and ;heep (5).
sor showed cross-reactivity with 7 otteagonist compounds G00d correlation of ELISA and LC results was obtained for
related to clenbuterol and was capable of detecting them dt€ef liver and for urine samples which had been treated with
concentrations <0.001 mg/L in bovine urine. This technologyydrolytic enzymes (glucuronidase/aryl- sulfatase), but
has also been applied to the detection of streptomycin anBLISA gave higher results than LC for sheep urine which had
dihydrostreptomycin residues in milk, honey, and pig kidneynot been hydrolyzed. Less than 0.001 mg/kg free ractopamine
and muscle (2). The method was rapid and rugged, allowing/as detected in tissues after 7 days withdrawal, while residues
direct analysis of whole milk, while honey samples required an urine declined rapidly during the 7 day withdrawal period to
dilution with buffer and tissue samples homogenized inconcentrations below the limits of quantitation for parent
buffer, then centrifuged to remove solids. Limits of detectioncompound of both the ELISA (0.0015 mg/L) and the LC
ranged from 0.015 mg/kg in honey to 0.070 mg/kg for muscle(0.005 mg/L) methods.
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Potential contamination problems associated with testin@ solid-phase extraction cartridges and the dried final extract
of hair as an indicator of treatment wiflaagonists was also was taken up in 0.050 mL 0.5% aqueous acetic acid—methanol
investigated (6). Sampling of hair as a means of detection of il{95 + 5, v/v), with a 0.010 mL aliquot taken for LC/MS/MS
legal use of these drugs is an attractive option, as sample caknalysis. For urine, a 10 mL test portion was mixed with 2 mL
lection on live animals is considered simpler and less invasiv@M acetate buffer (pH 5.2) and taken through the hydrolysis
than sampling for blood or urine. However, there have beemand cleanup steps. The MS—-MS collision gas was argon and
concerns that hair could be contaminated by external contactample analysis was in the multiple reaction monitoring
leading to positive results for animals which had not beermode. The pseudo-molecular ion/z302, was used to moni-
treated with these drugs. It was demonstrated that bovine haior for both ractopamine and the internal standard,
when exposed to aqueous solutionf-afgonists incorporates isoxsuprine. Six diagnostic product ions were obtained for
residues of the drug into the hair and that the residues cannodctopaminem/z284, 164, 136, 121, 107, and 91. Validation
be removed by a variety of washing treatments, including dewas according to the draft EU criteria, beginning with the
tergents and organic solvents. Clenbuterol was extracted frormnalysis of 20 blank pork tissue samples from different origins
hair using 0.1 mol/L hydrochloric acid and it was found thatto demonstrate specificity. The blank samples were then
the extraction kinetics differ for residues resulting from exter-pooled and fortified test portions were used to determine the
nal exposure when compared to incurred residues. Furthdinearity of the calibration curve at concentrations from
study is planned to investigate the differences which may b&5-500 ng/kg. The decision limit (&} was calculated to be
seen when hair is tested at a prolonged period after extern8lng/kg, with a detection capability (XFof 28 ng/kg. CQ@ is
contamination, as opposed to sampling shortly after the corthe lowest concentration at which a method can detect the
tamination, as was done in the present study. presence of an analyte with a statistical certainty af ir this

An investigation was also reported on the detection ofcase calculated at 99% certainty. €€ defined as the lowest
17 a-ethinylestradiol residues in the hair of cattle which re-concentration at which a method can detect truly contami-
ceived the drug by intramuscular injection at 2 mg/kghated samples with a statistical certainty §§.JAgain, the au-
bodyweight (7). After washing 3 times with a detergent solu-thors calculated using a 99% confidence level. The method as
tion, followed by a rinse with distilled water, 0.500 g test por- Validated was considered to meet the draft EU guidelines for
tions of hair were digested at 18D for 10 minin 2.5 mL so-  Validation of methods for residues of veterinary drugs and
dium hydroxide. The digestate was adjusted to pH 8.4 byprovides an example of the experimental design and calcula-
addition of 0.2 mol/L acetate buffer in a 500 mL beaker, then dions required. Further detail on this approach to method vali-
dialysis tube (molecular cut-off 10 000 Da) containing 25 mL dation, with definitions and examples, is contained in 2 recent
dichloromethane was placed in the beaker. The beaker cofublications (9, 10). Analysts should be aware of these re-
tents were stirred at 150 rpm rfd h at 37C in an incuba-  quirements and should consider them carefully in designing
tor—shaker, then the dialysis tube contents were decanted inf$!d conducting validation experiments within their laborato-
a glass tube and dried under a nitrogen stream. The residuigs. Further examples of methods validated using these draft
was derivatized to form TMS derivatives and a 0.002 mLguidelines are referenced throughout this report.
aliquot was injected into the gas chromatograph, equipped A method for the determination of residues of the
with a capillary column containing a cross-linked 5% anticoccidial drug pyrimethamine in animal tissues and eggs
phenyl-methylpolysilane coating. The ion trap detector wasising liquid chromatography with fluorescent detection had a
operated in electron impact mode to producenti®z425 par-  detection limit of 0.010 mg/kg and recoveries >60% across the
ent ions and product ions at/z397 and 407. Recoveries of range of matrixes tested at concentrations of 0.10 to
74-94% were obtained at concentrations from1.0 mg/kg (11). Samples were extracted in acetonitrile, centri-
0.004-0.020 mg/kg, with relative standard deviation <20%fuged, defatted with hexane, then evaporated to dryness. The
The limit of detection calculated was 0.0005 mg/kg. Residuesesidue was dissolved in pH 10 buffer and extracted with di-
of 17a-ethinylestradiol (approximately 0.002—0.020 mg/kg) chloromethane, again taken to dryness and then derivatized
were detected in hair samples collected from the 5 experimerwith chloroacetaldehyde to produce fluorescence with excita-
tally treated animals beginning at 7 days following exposurdion at 300 nm and emission at 420 nm. No pyrimethamine
and continuing to 98 days post-treatment, when final samplesesidues were detected in any of the 70 samples tested, which
were collected. included swine muscle, chicken muscle, and liver and eggs.

Methodology for the determination of ractopamine resi- A method for clopidol residues in chicken tissues and eggs,
dues in pork liver, kidney and muscle, tissues with enrichedvhich was the subject of a collaborative study, was reported,
[B-agonist receptors (lung, retina) and bovine urine has alsalong with additional information on the distribution and de-
been reported (8). A 15 g test portion of tissue (0.20-0.50 g fopletion of clopidol residues in chickens and the application of
retina) is freeze-dried, ground, then mixed with 12 mL methathe method to over 7000 samples in a residue control pro-
nol and 15 mL 2 mol/L acetate buffer (pH 5.2) and stirred forgram (12—-14). Following extraction with acetonitrile, extracts
30 min. After centrifugation at 200@ for 15 min, the are passed through alumina and anion exchange solid-phase
supernatant is collected and the methanol is evaporatkd: A extraction cartridges to remove co-extractives, then analyzed
lix pomatia solution (0.40 mL) is added and the mixture is in-by reversed-phase liquid chromatography with UV detection
cubated at 6TC for 15 h. Subsequent cleanup was done usingt 270 nm. The reported limit of detection for the method was
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0.005 mg/kg, with recoveries >85% from fortified chicken concentrations from 0.010-0.100 mg/kg for residues in eggs
muscle, kidney, and eggs at concentrations fromand from 0.100-0.300 mg/kg for residues in liver.
0.01-2.0 mg/kg. Highest clopidol residues8ah following A method was developed for the determination of residues
treatment were in liver (4.6 mg/kg), followed by kidney of the anthelminthic drug levamisole in muscle, liver, kidney
(3.6 mg/kg), and muscle (1.5-1.7 mg/kg). Residues depletand fat of sheep, pigs, and poultry (28)5 g test portion of
rapidly and were not detectable at 7 days withdrawal. tissue was mixed wlt 1 g sodium chloridel g sodium bicar-

A multiresidue determinative method for residues of thebonate, and 10 mL chloroform, then homogenized for 5 min at
5 anticoccidial drugs (nicarbazin, and the ionophores?0 500 rpm. The homogenate was centrifuged for 15 min at
lasalocid, monensin, salinomycin, and narasin) in liver and3000g, the chloroform layer was decanted, and the extraction
eggs using LC-MS/MS provided recoveries from fortified Was repeated with an additional 20 mL chloroform. The chlo-
poultry livers of 92-118%; while recoveries from eggs werefoform extracts were combined, evaporated to dryness, and
86-110% (15). All analytes were quantifiable at the residue was dissolved in 5 mL chloroform—cyclohexane
0.0025 mg/kg and the method has the advantage of a hight * 3, V/V). The extracts were loaded on a silica solid-phase
sample throughput of 40 samples/analyst/day. Methodolog xtraction cartridge that had been previously conditioned Wlth
was also reported for the determination of the ionophore> ML chloroform—cyclohexane (1 +3, v/v), washed with
polyether antibiotic lasalocid, used as a feed additive for the ML Of this mixture, then the levamisole was eluted with
prevention of coccidiosis in chickens, in a range of processed ML Methanol and evaporated to dryness. The residue was
foods, including baby food, sausages, and meat pastries (lé:jl'ssolved in 0.5 mL mobile phase for analysis. L|qU|d chro-.
The method was an adaptation of a method previously devematography was ona reversed-phase column using a mobile
oped for the analysis of raw animal tissues (17). Samples a'%hase consisting of methanol-0.05 mol/L ammonium acetate
homogenized in acetonitrile in the presence of anhydrous S&uffer (55 + 45, viv) at a flow rate of 1 mL/min, with UV de-

dium sulfate, cleaned up on silica solid-phase extraction carI-eCt'on at220 nm. F)etermlnatlon was W'th reference tooar.\ n-
tridges, followed by an Nbicartridge, then analyzed on a ternal standard, thiabendazole. Recoveries were >80% in all

S . ) tissues for the 3 species, with relative standard deviations
polymeric liquid chromatographic column with fluorescence - L
) o e <5%. The limit of quantitation was reported as 0.004 mg/kg.
detection (excitation 310 nm, emission 420 nm). The method | ) h i ; q  th
was validated at concentrations from 0.01-0.04 mg/kg in ntere;t n the _analysis —or - compounds - o ¢ ©
products which included egg- and chicken-based baby foodgvermectln/ mﬂbemyqn group contmued. Amethod for'Fhe s
chicken liver, meat pies, patés, and pork sausages, with recog]ultanequg determlngtlon of re3|dues'of emamectin and
eries of 78-96% and RSDs of 5-14%. A similar approach Wagvermectln n m“?C'e tissue from A“af‘“c salmon used re-
versed-phase liquid chromatography with fluorescence detec-

described for the analysis of residues of the |onophor%on (excitation 365 nm, emission 470 nm), with detection

polyethers narasin, monensin, and salinomycin in chicken livs. . ;
ers and eggs, where LC-MS/MS methodology was used tlcl)mlts of 0.0005 mg/kg (21). Samples are extracted with

screen for residues of these compounds in a national Surv acetonitrile, cleaned up on a C18 solid-phase extraction car-
. . P - o Yidge, then derivatized with 1-methylimidazole and
and also to provide confirmatory capability for positive find-

) . ) ._trifluoroacetic anhydride. The limit of quantitation is
ings (18). Following an automated solid-phase extractlorh_5 nglg, with recoveries of 969% for emamectin and

cleanup, s_amples were analyzed with a run-timg qf 4 min P86 + 6% for ivermectin. Methodology for the determination
sample, with the added advantage that the low limits of detec(—)f abamectin and ivermectin in cattle plasma also used an

tion (0.000026 mg/kg for narasin) enabled sample poolingyiia) acetonitrile extraction, but cleanup was on an alumina
with detection of any potential violations of the Swedish max'solid-phase extraction cartridge (22). The same

imum residue limits. Recoveries for narasin were 94-108%gg iy atization was used, with analysis by reversed-phase lig-
with relative standard deviations of 4-10% for narasin in eggs,;q chromatography and fluorescence detection (excitation
fortified at 0.5-20 ng/g. 365 nm, emission 475 nm). Recoveries were 91-100% for
A method using LC-MS/MS analysis for the confirmation jvermectin and 87-99% for abamectin, with a reported de-
of residues of nicarbazin in chicken liver and eggs was also retection limit of 0.00002 mg/L in 1.0 mL samples. Residues
ported, with validation according to requirements of a draft re-of ivermectin and doramectin in pig liver were determined
vised criteria document for validation of veterinary drug resi-after initial extraction with acetonitrile, centrifugation and
due methods discussed above, which is currently undederivatization with 1-methylimidazole (23). As in the previ-
consideration by authorities within the European Union (19).ously described methods, analysis was by reversed-phase
The method provides quantitative confirmation of the markediquid chromatography with fluorescence detection. Recov-
residue, 4,4dinitrocarbanalide (DNC), and provides a dis- eries were 75% for ivermectin and 70% for doramectin, with
cussion of the practical application of the calculation of thea limit of detection of 0.8 ng/g for each compound.
“decision limit,” or CQu, and detection capability, or @3Cas Similar methodology was reported for the determination of
required in the revised criteria document. The analysis igprinomectinin milk, based on detection of the marker residue
based on the monitoring of the [M—Hpn atm/z301 and the  eprinomectin B, (24). After initial extraction 6a 2 mL test
transition ions ain/z137 and 107 and useg®NC as anin-  portion with 3 mL acetonitrile, followed by mixing on a Vor-
ternal standard. Method performance was demonstrated #x mixer, then centrifugatiora 1 mLaliquot of extract was
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dried and taken up in a 30% solution of 1-methylimidazole inwater, then the mixture is placed in an extraction vessel. After
acetonitrile. Within 5 min of injection, the autosampler wasinsertion of a polypropylene frit over the test material, the ex-
programmed to add 0.3 mL 30% trifluoroacetic acid in traction vesselis filled with 2—3 g alumina, sealed and the ex-
acetonitrile to the sample vial, with the subsequent reaction ttraction proceeds with liquid carbon dioxide under static con-
form the analyte derivative with the 1-methylimidazole occur-ditions for 5 min, then under dynamic conditions at a flow rate
ring within 30 s at room temperature. A related experimentabf 1 mL/min for 30 min. The alumina is then transferred from
compound (designated MK-324) was added to each samplae extraction vessel to an empty SPE cartridge and the
prior to extraction as an internal standard. Liquid chromato-analytes are eluted with 6 mL methanol-water (65 + 35, v/v).
graphic analysis was on a reversed-phase column undémitial experiments used GC/MS of the HFBA derivatives to
isocratic conditions at a column temperature df@G5using a  optimize the supercritical fluid extraction conditions, but fur-
mobile phase of methanol, acetonitrile, water, triethylaminether work was done to develop an LC/MS method for quantifi-
andortho-phosphoric acid (25 +&+ 7 + 0.2 +0.2, v/v) ata  cation and confirmation. The extract from the alumina was ex-
flow rate of 1.0 mL/min. The fluorescent derivatives of tracted with 2—6 mL volumes dkrt-butylmethylether and,
eprinomectin and internal standard were detected with an exafter drying the combined extracts at"@under a nitrogen
citation wavelength of 365 nm and an emission wavelength oftream, the residue was taken up in 0.050 mL methanol, which
475 nm. Arecovery of 94% was reported for eprinomectin B was then diluted with 0.150 mL water. A 0.10 mL aliquot was
from milk fortified at concentrations from 0.002—0.050 mg/L, then injected on an LC/MS system equipped with an ion trap
with relative standard deviations <5% in the 2 laboratoriesdetector. Separations were on a reversed-phase column (2 mi-
which tested the method. The limit of quantitation was estaberon particle size), with all target analytes eluting in 5-6 min.
lished at 0.002 mg/L. Using the ion trap, full mass spectra were obtained for each
Abamectin, doramectin, eprinomectin, ivermectin, andtarget compound, demonstrating that the predominant ion
moxidectin residues were extracted from beef, pork, andragment obtained in the ACPI(+) mode was the protonated
sheep livers using supercritical carbon dioxide (25). A 2.5 gnolecule. For screening purposes in the “M8ode, the
test portion was mixed with 4.0 g hydromatrix, then added tdM+H—CHzCOOH] fragment was found to improve selectiv-
an extraction vessel containing 2.0 g basic alumina. Followindty and these were subsequently used in the method develop-
equilibration of the sealed extraction vessel with pressurizegnent and validation (MA, 385; MPA, 387, MGA, 397,
CO,, a volume equivalent to 50 L of expanded gas was passe@MA, 405). The “parent” ions were used for screening pur-
through the vessel. The alumina was then removed from thposes, while the additional ions required to meet confirmatory
depressurized vessel and transferred into an empty SPE cariteria were obtained monitoring transitions in fgd MS
tridge and the analytes were eluted with 4 mL methanol-ethymodes. Using §MGA as an internal standard, linear calibra-
acetate (70 + 30, v/v) and collected in a silanized test tubgjon curves were obtained over the concentration range
where the solvents were evaporated. The fluorescent deriv@.00025-0.0025 mg/kg for the 4 analytes. The limit of identifi-
tives were prepared by addition of 1-methylimidazole andcation was 0.0005 mg/kg for each compound, with
trifluoroacetic acid solutions in acetonitrile, followed by glacial in-laboratory reproducibility <20% within the concentration
acetic acid, then incubated at’65for 30 min prior to analysis. range tested. The method was extended to screen for 3 addi-
Liguid chromatography was conducted under isocratic conditional compounds (screening ions in brackets), flurogestone ac-
tions on a reversed-phase column maintained ¥€30sing a etate (/z 347), delmadinone acetatemfz 343), and
mobile phase of methanol-acetonitrile—1% triethylamine/1%luprednisolone acetatez401). The method is currently used
phosphoric acid in water (60 + 30 +10, v/v/v). The limit of in the Dutch National Monitoring Program and fulfills EU cri-
guantitation was established at 0.002 mg/kg, based on the loweria for residue control, while also providing quantitation and
est standard used in the calibration curve. Recoveries from beebnfirmation at the draft maximum residue limits for MGA cur-
liver (between assay) were 76-85% for all 5 compounds atently under discussion within the Codex framework.
0.004 and 0.020 mg/kg fortification levels, with relative stan-  The analysis of nitrofurans and their bound metabolites
dard deviations 8.8-16.9%. Recoveries from pork liver anctontinues to be of interest, particularly in the light of recent
sheep liver were slightly lower (71-79%, with relative standardfindings of these banned substances in survey samples by reg-
deviations 3.3-15.6%) at a fortification concentration ofylatory authorities in the European Union. Solid-phase extrac-
0.010 mg/kg. Using equipment which allowed processing ofion was used to recover residues of the protein-bound metab-
2 test portions at a time, a sample throughput of 10 samples peyite of furazolidone, 3-amino-2-oxazolidinone (AOZ), from
day was achieved. pig liver (27). The method, tested on both fortified and in-
Supercritical fluid extraction was also applied in the recov-curred residues in tissues, removes the derivatizing agent used
ery of the acetyl gestagenic steroids (megestrol acetate, @mthe method as a potential source of interference in the deter-
MA; medoxyprogesterone acetate, or MPA; chlormadinonemination, and also renders the method suitable for automation
acetate, or CMA; and melengestrol acetate, or MGA) fromwith either liquid chromatography or ELISA for extract analy-
kidney fat (26). As in the method described above, residuesis. Using the revised procedure, recoveries >60% of AOZ
were extracted with supercritical carbon dioxide and trappedvere obtained. A study was also undertaken to determine if
on alumina in the extraction vessAl2 gtest portion of tissue  the protein-bound metabolite of furazolidone, used to monitor
is first blended win 2 g Extrelut, with addition of 0.5 mL of ~ for use of the banned substance in tissues, could also be ap-
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plied to eggs (28). Residues of parent furazolidone and AO4limetridazole, ronidazole, metronidazole and its hydroxy me-
reached a plateau of 0.36—0.38 mg/kg on the fourth day of atabolite. Only 2 characteristic ions were obtained for
11 day administration of a ration containing 400 mg/kgipronidazole and its hydroxy metabolite. Method validation
furazolidone, with parent compound residues being primarilywas conducted using swine and turkey muscle (3 different
in the albumen. Residues of furazolidone were not detectablgources for each) fortified with the analytes at 3 concentra-
after 4 days withdrawal, but AOZ was detected up to 21 daysions, with 7 replicates per concentration. While absolute re-
and was distributed evenly between yolk and albumen. Whileoveries varied from 15—-25% for ipronidazole and its hydroxy
furazolidone residues declined by 44% after storage #tG-20 metabolite to 45-60% for dimetridazole, 50-50% for
for 55 days, AOZ residues were stable. Residues of botimetronidazole and its metabolite and 65-75% for ronidazole,
furazolidone parent compound and AOZ were detected folthe use of deuterated internal standards resulted in relative re-
lowing extraction and cleanup by LC/MS using electrospray coveries of about 100% for all the analytes. However, the low
with the m/z 243 fragment being used for quantitation of absolute recoveries for some analytes did have an effect on de-
furazolidone and them/z 253 fragment of the tection capability. The decision limits (@ for
2-nitrobenzaldehde derivative of AOZ used to determine thalimetridazole, ronidazole, metronidazole and their hydroxy
metabolite. Recoveries were >75% for furazolidone andnetabolites were 0.00065 to 0.0028 mg/kg, with relative stan-
>95% for AOZ, with limits of detection of approximately dard deviations (in-laboratory reproducibility,
0.001 mg/kg for both compounds. 0.0005-0.004 mg/kg concentration range) from 6.4 to 20.3% at
Gas chromatography with detection by negative ion chemeconcentrations tested, but were 0.0052 mg/kg for ipronidazole
ical ionization mass spectrometry was used for the determinand its hydroxy metabolite, with relative standard deviations of
tion of another class of veterinary feed additives which have?-2-34.4% at concentrations from 0.003-0.006 mg/kg. The
been banned from use in food animals in a number of coun?ethodology appears suitable for screening for concentrations
tries, the 5-nitroimidazoles (29). The compounds tested wert the 0.001 mg/kg range for these compounds and their metab-
dimetridazole, ronidazole, ipronidazole, metronidazole andlites andis capable of confirmation for most of the compounds
their hydroxy metabolites, applying the requirements forat Such concentrations.
method validation as contained in the draft revised EU criteria Methodology was reported for the detection of a variety of
for method validationA 5 gtest portion of muscle is homoge- antimicrobial drugs, including 6 sulfonamides, 3 nitrofurans
nized for 4 min in a stomacher with 6 mL sodium chloride—po-and chloramphenicol, in pasteurized milk (30). The drugs
tassium dihydrogen phosphate buffer and 1 mL of a proteaseere initially extracted with chloroform—acetone and, follow-
solution, then hydrolyzed overnight at®®7. The pH ofthe so-  ing evaporation of the extract to dryness, residues were dis-
lution should be 3 for incubation. The digestate is centrifugedolved in aqueous sodium acetate buffer and defatted by
at 2600g for 15 min at £C, the upper layer is decanted and the washing with hexane. The drug residues remained in the aque-
previous step was repeated after addition of 8 mL of thepus layer which was filtered and analyzed by liquid chroma-
buffer. The upper layer was again decanted and the aqueotggraphy. The sulfonamides and chloramphenicol were sepa-
layers were combined and defatted witk 20 mL hexane. rated on a reversed-phase column using a sodium acetate
After adjustment to pH 6, the aqueous layer volume was adbuffer—acetonitrile gradient, with UV detection of the analytes
justed to 18 mL with buffer and loaded on an Extretutgar-  at 275 nm. Nitrofuran parent compounds were analyzed using
tridge containing kieselguhr and, following a 20 min equili- isocratic conditions and detected at 375 nm. Recoveries from
bration, the cartridge was washed with 20 mL ethylmilk fortified at 0.050 mg/L ranged from 65% (sulfathiazole)
acetatetert-butylmethylether (1 + 1, v/v). Following a fur- to 94% (sulfamethazine) for the 6 sulfas tested (also included
ther 15 equilibration, the analytes were eluted withZ0 mL ~ sulfamerazine, sulfachlorpyridazine, sulfamethazole, and
ethyl acetatetert-butylmethylether (1 + 1, v/v). The com- sulfamonomethoxine), 104% for chloramphenicol, and were
bined eluates were reduced in volume to 0.5 mL using &2% for furaltadone, 100% for furazolidone, and 92% for
Turbovap, then evaporated to dryness under a nitrogen streapiirofurazone.  Limits of detection ranged between
in a derivatization tube. Analytes were derivatized with a solu0.004 mg/L for nitrofurazone to 0.016 mg/L for
tion of 0.050 mL BSA and 0.050 miso-octane by heating at  sulfamethazine.
50°C for 60 min to produce TMS derivatives. GC-MS analy-  Results of monitoring of food samples of animal origin in
sis was conducted by injecting a 0.001 mL aliquot into an in-Slovenia for chloramphenicol residues from 1991-2000 were
strument equipped with a 30 ®0.25 mm id capillary column  reported, using capillary gas chromatography with electron
containing a 0.25 micron coating of capture detection (31). Quantitation was with reference to
methyl-5%-phenylsilicone at an injection block temperaturemetachloramphenicol used as an internal standard. Recov-
of 285°C in splitless mode. The oven was programmed at &ries were 89-102% for beef muscle and cow’s milk, and
starting temperature of 86 for 1.5 min, ramping at ’&£/min ~ 87% for whole eggs, at concentrations from
to 100°C, then 83C/min to 140C, 10C/min to 190C, and fi-  0.002-0.010 mg/kg, with a claimed limit of detection of
nally 36°C/min to 290C, with a final hold time of 5 min. A 0.001 mg/kg. Out of 1308 random samples tested, there was
carrier gas flow rate of 1 mL/min was used, with methane a®nly one positive finding, a milk sample which contained
the ionizing gas. Selected ion monitoring was used to deted@.0046 mg/kg. A procedure for the determination of
the analytes, with 4 diagnostic ions being obtained forchloramphenicol residues in milk using square-wave
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voltammetry was also described (32). A linear response wawith 15 drugs, including sulfamethazine, sulfadiazine, and
obtained for concentrations corresponding to approximatelgulfathiazole, to produce eggs containing incurred residues for
0.03-3.0 mg/L, with a detection limit of 0.015 mg/L and re- method validation. Whole eggs were blended in an ice bath
coveries >97% from milk fortified at 0.064 and 0.32 mg/L. using a Polytron homogenizer, tha 5 gtest portion was ho-

The distribution of 5 sulfonamide drugs, sufamethazinemogenized in an ice bath with 15 mL acetonitrile and centri-
(sulfadimidine), sulfadiazine, sulfamethoxazole, sulfamonofuged at 300@ for 10 min at 0-4C. The supernatant was re-
methoxine, and sulfaquinoxaline was studied in laying hengnoved and the process was repeated using 5 mL acetonitrile,
administered the drug in feed at 100 mg/kg (33). Drug concenthe extracts were combined and 3 mL water was added. The
trations were monitored using liquid chromatographic analyvolume was reduced to 1 mL under a nitrogen stream to re-
sis in plasma, muscle, and also in the liver, ovary and oviduct§ove acetonitrile, then the remaining extract was added to the
(the main tissues associated with egg production). Highegeservoir of a C18 solid-phase extraction cartridge in which
residues in all samples followed treatment with approximately 1 mL water remained after cartridge condition-
sulfaquinoxaline, while the lowest residues were after treating with acetonitrile and water. The cartridge was drained of
ment with sulfamethazine. Residues of both these drug in liveliquid at a flow of 1-2 drops/s, then the sulfas were eluted with
were approximately double the concentrations found in mus3 mL acetonitrile. After addition of 1 mL water to the eluate,
cle after 7 days of drug administration, while residues resultthe volume was reduced to about 0.5 mL under a nitrogen
ing from treatment with the other 3 drugs produced similarstream, then the extract was diluted to 1 mL with water. Liquid
residue concentrations in both tissues. Significant residueghromatographic determinations were conducted using a C8
were found in all cases in the tissues involved in egg formacolumn and ternary gradient elution, using blends of 0.1% for-
tion, demonstrating a potential for residue transfer to the egggic acid—methanol (90 + 10, v/v), methanol, and acetonitrile,
if appropriate withdrawal times are not observed. The distriwith analyte detection at 287 nm. For LC-MS/MS confirma-
bution of sulfamethazine and sulfadimethoxine residues ifion using the ion trap detector, separations were on a C18 col-
eggs following administration of these drugs to laying hensumn using a multistep gradient of 0.1% aqueous formic acid
via drinking water was also reported (34). Both drugs were adand methanol. The MHons were isolated and full scan prod-
ministered for 5 days, sulfamethazine at 0.5 g/L anductionswere obtained for MS/MS confirmation. The determi-
sulfadimethoxine at 1 and 2 g/L. Albumen and yolk were anahative method was validated at concentrations from 0.050 to
lyzed by reversed-phase liquid chromatography after extradd.200 mg/kg, while all 15 drugs could be confirmed at concen-
tion and cleanup. Recoveries were 77-87% for the drugs in atrations from 0.005-0.010 mg/kg.
bumen and >65% in yolk, with a limit of quantitation of  Recoveries were >80% for all the sulfonamides except
0.005 mg/kg. There was an approximately 3:1 concentratiogulfacetamide (51-58%) at 0.050, 0.100, and 0.200 mg/kg
factor in albumen relative to yolk, with residues requiring up concentrations. With the exception of sulfacetamide, relative
to 20 days to fall below the limit of quantitation in aloumen standard deviations werg15% for all compounds at the
and 15 days in yolk. Highest residues were found on the3 concentrations tested. The determinative method was con-
fifth day of treatment, when residue concentrations forsidered to meet FDA/CVM guidelines for all the sulfas tested
sulfadimethoxine were 35.7 mg/kg in albumen and 9.3 mg/kgxcept sulfacetamide, while the LC/MS/MS confirmation was
in yolk, or 27.7 mg/kg on a whole egg basis, while considered acceptable for all drugs tested except
sulfamethazine residues from the 2 g/L treatment wergulfacetamide and sulfanilamide, which did not produce suffi-
70.4 mg/kg in albumen, and 44.5 mg/kg in yolk (62.1 mg/kgcient diagnostic ions.
on a whole egg basis). Methodology using liquid chromatography with

A method for the determination of trimethoprim, electrospray tandem mass spectrometry was reported for the
sulfadiazine, and the metaboliteA-HcetyIsquadiazine i determination of the benzimidazole anthelmintic drug
plasma of chickens includes deproteination of a 0.5 mL tesinebendazole and its metabolites, hydroxymebendazole and
portion with 1 mL acetonitrile, defatting with 2 mL hexane aminobendazole, in sheep liver (3R&)1 gtest portion of pre-
and extraction of the residue into 6 mL dichloromethane (35)viously ground sample material was mixed on a Vortex mixer
After evaporation of the dichloromethane, the dried residue isn a 50 mL centrifuge tube with 1 mL 0.1 mol/L sodium hy-
dissolved in 0.5 mL mobile phase for determination by re-droxide, then shaken for 10 min with 20 mL ethyl acetate. Af-
versed-phase liquid chromatography with UV detectionter centrifugation at 5000 rpm for 5 min, the supernatant was
(240 nm for trimethoprim, 270 nm for sulfadiazine and decanted into a sidearm flask and the pellet was re-extracted
N*-acetylsulfadiazine). Recoveries were >85% for thewith an additional 10 mL ethyl acetate. The ethyl acetate ex-
3 analytes, with relative standard deviations <5%. Limits oftracts were combined and evaporated to 4-5 mL, then trans-
quantification were in the range of 0.012-0.016 mg/L for theferred to a graduated tube, Wia 2 mLethyl acetate wash of
3 analytes. The method is suitable for use in drug distributionhe evaporating flask. The extract was then taken to dryness at
and pharmacokinetic studies, but has not been validated f@0°C under a nitrogen stream and the residue was dissolved in
use on tissues. 0.600 mL methanol. This was washed with 2 mL hexane to

A method for the determination of residues of sulfonamidedefat the extract and the remaining methanol layer was ad-
drugs in eggs using LC-UV, with confirmation by LC/MS has justed to 1 mL by addition of methanol. LC-MS/MS analyses
also been reported (36). In this study, poultry were treatedvere conducted on a reversed-phase (C18) column using a
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gradient elution containing varying proportions of 0.1% aque-had previously been activated by washing with 2 mL metha-
ous formic acid (solvent A) and acetonitrile (solvent B). De-nol, followed by 2 mL water and finally 2 mL 0.050M
tection used positive ion electrospray, with fragmentation ofphosphate buffer (pH 7). After sample loading, cartridges
parentions in the collision cell using argon. The parention anavere rinsed with 2 mL water, followed by 0.5 mL acetonitrile,
2 daughter ions were monitored for each of mebendazole arttien the fluoroquinolones were eluted with 2 mL 4%
its 2 metabolites. Flubendazole was used as an internal stattifluoroacetic acid in water—acetonitrile (25 + 75, v/v), fol-
dard, as it is not licensed for use in sheep. Recoveries welewed by 1 mL acetonitrile. The eluate was evaporated to dry-
>85% for the 3 analytes at the 3 concentrations tested (0.050ess under a stream of nitrogen atG0and the residue was
0.100, and 0.400 mg/kg), with relative standard deviationgaken up in 0.1 mL acetonitrile—water (1 + 1, v/v) for injection
from 5.4-11.9%. Decision limits and detection capabilitiesinto the capillary electrophoresis system. The capillary elec-
were calculated according to the draft EU criteria. trophoresis system used as mobile phase a buffer solution of

A method for the determination of residues of oxolinic acid 0-025M diethylmalonic acid adjusted to pH 8.22 with 3M
and flumequine in freeze-dried salmon muscle with attache®laOH and a capillary column (50 cmin length, 0.075 mmid)
skin was reported as part of a project to develop a referenc@aintained at a temperature of’Z5 The separation potential
material (38). Freeze-dried tissue (0.5 g) was put into a 15 miwas 20 kilovolts and the analytes were detected at 275 nm. A
centrifuge tube, to which 2.0 mL 0.1 mol/L HCI was added, linear response was obtained for both compounds from
then 4 mL ethyl acetate. Test portions were homogenized fd?-050-0.300 mg/kg, with detection limits of 0.010 mg/kg for
about 10 min using an agitator, then centrifuged for 5 min alifloxacin and 0.025 mg/kg for sarafloxacin. The related com-
10 000g. The supernate was transferred to a second 15 mpound marbofloxacin is used as an internal standard.
centrifuge tube and the extraction was repeated with 2 vol- Liquid chromatography with electrospray mass spectro-
umes of ethyl acetate (4 mL, followed by 2 mL), after which metric detection was applied to the determination of the
4 mL 1 mol/L sodium hydroxide was added to the combinedfluoroquinolone norfloxacin in poultry muscle (4@ 1 g test
supernates, again with 10 min homogenization with the agitaportion of muscle is homogenized with 2 mL methanol-acetic
tor, followed by centrifugation at 10 00§ for 5 min. The  acid (98 + 2, v/v). After centrifugation at 13@for 10 min,
supernate was transferred to another 15 mL centrifuge tub&e supernate is transferred to a second tube and the liquid is
and the extraction was repeated with 4 mL 1 mol/L sodiumevaporated. The dried residue is taken up in 1 mL metha-
hydroxide, followed by 1 mL 85%rtho-phosphoric acid so- nol-acetic acid (98 +2, v/v), to which is added 2 mL
lution, then 3.5 mL chloroform. The homogenization andacetonitrile—saturated hexane. After mixing on a Vortex mixer
centrifugation steps were repeated and the chloroform extra@ind centrifugation at 130§for 10 min, the upper layer is dis-
was transferred to a 10 mL glass tube. The extraction was resarded and the lower layer is evaporated to dryness. The dried
peated with a second 3.5 mL chloroform, the combined ex+esidue is taken up in 1 mL methanol-acetic acid (98 + 2, v/v)
tracts were taken to dryness under a nitrogen stream°@ 40 and analyzed by reversed-phase liquid chromatography using
and the residue was taken up in mobile phase. Analysis was & gradient mixture of 2 components, water-acetic acid
liquid chromatography under isocratic conditions on a re{98 + 2, v/v) and acetonitrile, at a flow rate of 0.4 mL/min.
versed-phase column using a mobile phase consisting dforfloxacin is detected by monitoring for the [M+Hipon at
0.02 mol/L aqueousorthophosphoric acid—acetonitrile m/z320. Recoveries were >80% in tissues fortified at 0.010
(67 + 33, vlv), with detection by fluorescence (excitationand 1.0 mg/kg, with relative standard deviations 9-12%. The
325 nm, emission 365 nm). Limits of detection and estimated limit of quantitation was 0.005 mg/kg.
quantitation for the freeze-dried tissue were 10 ng/g for An alternative approach to the rapid detection of the
oxolinic acid and 50 ng/g for flumequine (3 and 16 ng/g, re-fluorogquinolone enrofloxacin was the use of an ELISA assay,
spectively, on a wet weight basis). including the development of an immunochromatography-based

Solid-phase extraction followed by capillary electrophore-rapid test (41). The ELISA had a detection limit of
sis with UV detection was applied to the determination of the0.001 mg/kg for enrofloxacin residues in milk and 0.010 mg/kg
fluoroquinolone antibiotics difloxacin and sarafloxacin in for residues in chicken liver and muscle. Recoveries from the
chicken muscle (39 5 gtest portion was homogenized with tissues were 72-96%, while recoveries from milk were
5 mL 0.05 mol/L phosphate buffer adjusted to pH 7.0 with 3N84-99%. Detection limits using the immunochromatographic
NaOH, then extracted with 2 volumes (20 mL, then 10 mL) di-test kit were 10-fold higher. Analytical results obtained with the
chloromethane. After 20 min shaking with a rotary shaker andELISA had a high correlation (>0.98) with analytical results ob-
centrifugation at 1467 for 5 min, the organic extract was tained using a liquid chromatographic assay for residues in
transferred to a 40 mL centrifuge tube and washed wittehicken liver and muscle, and for milk.

2-5 mL volumes of 0.5N NaOH, then centrifuged again at The use of tetracylines in aquaculture continues to be of in-
14679 for 5 min to separate the organic and aqueous layergerest. Methodology was described for the determination of
The aqueous phase was transferred to a clean tube, neutralizedytetracyline (OTC) residues in various matrixes, including
by addition of 15 mL 0.002 mol/L phosphoric acid, then trout muscle, biofilter sand, sediment and tank water from a
defatted by addition of 10 mL hexane. The solution was agaimecirculating aquaculture system (42). Various approaches to
centrifuged at 1467 g for 5 min, after which the agueous phasextraction and cleanup were used, depending on the sample
was loaded onto a C18 solid-phase extraction cartridge whichatrix and the detection limit required. Water (0.5-1.0 mL)
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was diluted with an equal volume of Mcllvaine—EDTA buffer acid solution (85 + 15, v/v) at 1 mL/min flow rate, with UV
and filtered into an autosampler vial for liquid chromato- detection at 355 nm. No interfering peaks were observed from
graphic analysis. Sand (1 g) was shaken vigorously wittother tetracyclines. Recoveries were 70—-96% fepdOTC
25 mL 0.1IN hydrochloric acid for 30-45 min, then centri- and 71-89% for OTC from all 3 tissues at the concentrations
fuged at 350@ for 10 min. An aliquot of the supernate was fil- tested (0.0125-0.300 mg/kg for eptOTC;
tered into an autosampler vial for analysis. Sediment (2 g) wa8.050-1.200 mg/kg for OTC). Validation was conducted at
extracted by homogenizing with 25 mL Mcllvaine—EDTA concentrations bracketing maximum residue limits estab-
buffer, then shakig 2 h on gplatform shaker. The mixture was lished as sum of the parent compound and epimer by the Euro-
then centrifuged at 3509 for 10 min and an aliquot of the pean Union (0.100 mg/kg for muscle; 0.300 mg/kg for liver;
supernate was filtered into an autosampler vial for samples €X3.600 mg/kg for kidney). Tissues from turkeys which received
pected to contain <100 mg/kg of OTC, while aliquots of sam-OTC via drinking water for 3 days at 400 mg/L collected and
ples expected to contain >100 mg/kg OTC were dilutedanalyzed after 1, 3, and 5 days withdrawal demonstrated that
100-fold prior to analysis. For trout muscle, extraction wasresidues were below the MRLs after 3 days withdrawal. The
based on that used in the AOAC Official Method for mamma-4-ep-OTC residues were <15% of the total residues in all
lian tissue (Metho®95.09, which includes extraction with samples and were not detectable in muscle samples at 3 and
Mcllvaine—EDTA buffer, followed by cleanup on C18 5 days withdrawal, or in liver samples at 5 days withdrawal.
solid-phase extraction cartridges (43). Liquid chromato- The determination of residues of the macrolide antibiotics
graphic analyses for extracts from the various sample matrixesrythromycin and oleandomycin in meat, fish, milk, and eggs
were conducted using a polymeric column (PLRP-S,ysing liquid chromatography with fluorescence detection after
5 micron) held at 48C, with a 0.1% aqueous trifluoroacetic formation of 9-fluoromethylchloroformate (FMOC) deriva-
acid—acetonitrile gradient. Limits of detection were 0.04 mg/kgtives has been reported (45) Meat, fish, and eggs (10 g) are
for trout muscle, 0.03 mg/kg for sand, 1 mg/kg for sediment anthomogenized in a centrifuge with 20 mL acetonitrile, centri-
0.003 mg/L for water. This study is illustrative of the growing fuged at 148@y and the acetonitrile liquid phase is removed
concerns shifting the focus of analytical methods from drug resand evaporated. The residue is taken up in 20 mL 0.1 mol/L ci-
idues as potential contaminants in animal-derived foods to parate buffer (pH 6.0) and defatted with 20 mL hexane. After
tential environmental contaminants, with a resulting need fObentrifuga{ion to break up any emulsion formation, a 10 mL
method validations for “nontraditional” matrixes. aliquot is collected for further cleanup. Milk (100 mL) is
Methodology for the determination of OTC and its defatted by centrifugation at 53@0at 5°C for 30 min, then a
4'-epimer (4epiOTC) in turkey muscle, liver, and kidney us- 25 mL aliqout of the defatted milk is mixed with 25 mL
ing an isocratic reversed-phase liquid chromatographic sep&-.1 mol/L citrate buffer and 25 mL hexane. After 15 min shak-
ration was also reported (44)A 1 g test portion of ing on a mechanical shaker, the mixture is centrifuged at
prehomogenized tissue was stirred with 7.5 mL Mcllvaine1480g for 5 min and a 25 mL aliquot of the aqueous phase is
buffer (pH 4) for 10 min in a centrifuge tube, then 7.5 mL removed for further cleanup. A common cleanup is used for
methanol was added and, after mixing on a Vortex mixer, thell extracts, which are loaded onto cation exchange cartridges
contents were centrifuged at 10 0O§for 10 min at £4C. The  previously conditioned with 5 mL 0.1 mol/L citrate buffer.
supernatant was transferred to a second tultkaa® mL  Samples are loaded at a flow rate of approximately 1 drop/s,
aliquot was loaded onto a previously prepared extraction cathen the cartridges are washed with 2 mL water, followed by
tridge. A cleanup procedure similar to that used for milk in Of- 1 mL methanol. After the cartridge has dried for 5 min, 3 mL
ficial Method995.05was used (43). Cartridges were prepared0.1 mol/L phosphate buffer (pH 9.3) are added, then the
by slowly adding chelating Sepharose Fast Flow Gel to aiqmacrolides are eluted with 3 mL methanol. The methanol
empty reservoir containing a frit to a bed height of 1 cm, theneluate is collected, dried and the residue taken up in 2 mL of
placing a second frit on top of the bed. The bed was washethe 0.1 mol/L phosphate buffer. The macrolides are then ex-
with 3x 0.5 mL water, followed by 0.5 mL 0.010M cupric sul- tracted into dichloromethane €2 mL) and dried under nitro-
fate solution, then a further 0.5 mL water. At this point, theregen. The residue is taken up in 0.1 mL acetonitrile, to which
should be a uniform blue layer in the upper third of the resin0.1 mL 0.4 mg/mL FMOC solution (in acetonitrile) and
bed. Load the 6 mL aliquot of sample extract (corresponding.1 mL 0.1 mol/L phosphate buffer (pH 7.5) were added. After
to 0.4 g tissue), then wash the cartridge sequentially wittheating at 4%C for 60 min, 0.2 mL 0.03 mol/L phosphate
0.5 mL water, 0.5 mL methanol, 0.5 mL water, then 0.1 mLbuffer (pH 7.0)-acetonitrile (1 + 1, v/v) was added and
Mcllvaine—EDTA elution buffer (pH 4, prepared by mixing derivatized extracts were kept in amber vials until analyzed.
614.5 mL 0.1 mol/L aqueous citric acid solution with 380 mL Gradient analysis was performed on a reversed-phase liquid
0.2 mol/L aqueous N&PQ, solution and 37.2 g EDTA di- chromatography column using a mixture of acetonitrile and
sodium salt). Elute analytes with 0.8 mL Mcllvaine—EDTA 0.03 mol/L phosphate buffer (pH 7.0)-acetonitrile
buffer into graduated 10 mL glass tube. Dilute liver and kid- (36 + 64, v/v) at a flow rate of 1 mL/min. Derivatives are de-
ney extracts to 1 mL with buffer. Inject 0.100 mL aliquot of tected using an excitation wavelength of 260 nm and emission
extract into liquid chromatograph with C18 reversed-phasavavelength of 305 nm. To correct for recoveries which are in
column (15 cnx 4.6 mm id, 5 micron packing) with mobile the 50% range, roxithromycin was used as an internal stan-
phase consisting of acetonitrile—0.01 mol/L aqueous oxalicard. Limits of quantitation were 0.1 mg/kg for erythromycin
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in meat (muscle, liver, kidney), fish, and egg and 0.05 mg/kgoxithromycin, which is derived from erythromycin. Results

in milk, while the comparable results for oleandomycin resi-of this screening test were confirmed by LC/MS/MS.

dues were 0.1 mg/kg for meat (muscle), fish, egg, and milk, An LC/MS/MS method was applied to identify and con-
and 0.20 mg/kg in liver and kidney. Repeatability varied fromfirm residues of3-lactam antibiotics detected in bulk raw milk

3.6 to 12.9% for the 2 compounds across the range of matrixgganker) using several test kits, based on receptor and micro-
tested and a linear response was observed for concentratiobml growth inhibition detection principles (48). Of 18 suspect

of 0.1 to 1.0 mg/kg of the residues and a single chromatosamples tested, 16 contained detectable residues using the
graphic peak was observed for each target drug followind C/MS/MS assay, with residues of 2 drugs found in 4 samples
derivatization. and 3 drugs detected in one sample. Penicillin G was detected

Residues of the macrolide antibiotic tylosin were deter-in 8 samples, with 2 of these exceeding the MRL of
mined in muscle, liver, kidney, and fat (with adhering skin) of 0-004 mg/kg; cloxacillin residues were found in 7 samples,
calves, pigs, and poultry using liquid chromatography withYVith one exceeding the MRL of0.0;%O mg/kg; amoxicillin res-
UV detection at 280 nm (46). Test portions of muscle (5 g)idues were found in 4 samples, with one above the MRL of
were homogenized with 10 mL chloroform and 1 mL 0-004 mg/kg; ampicillin residues were detected in 3 samples,
0.07 mol/mL phosphate buffer (pH 8.5), shaken for 20 min,"oNe above the MRL of 0.004 mg/kg. In the LC/MS/MS

then centrifuged at 193¢ for 20 min. The chloroform layer Method,  g-penicilin - (potassium  benzyl-gephenyl)
was removed, dried and the residue dissolved in 4 miPenicillate) is added as an internal standard to a 20 mL test

acetonitrile—water (8 + 2, v/v). Following partitioning with portion of milk which is mixed on a Vortex mixer, then centri-

10 mL dichloromethane, the mixture was shaken, centrifuged9ed at 13 80@ for 30 (rjnin at 4\? (49).A 12 rTf1L aliquet of )
and the dichloromethane layer removed. The repartitionin 2e stlg())e{natelll_s E“Xeh ctmt? ﬁorteﬁ gﬂ;(erthor 1 2m|r|1_ \k/‘wt
was repeated with 5 mL dichloromethane and the combine ML 5.1 MOVL phosphate butier (pH 9. .)’ en e ML hex-
extract was dried, then taken up in 0.2 mL mobile phase fo ne is added and shaken 10 min. The mlxture' Is then centri-
analysis. A similar procedure was used for liver and kidney, uged at 279@ for 10minat10Canda15 m.L aliquot of the .

- . aqueous phase is loaded onto a C18 solid-phase extraction
substituting 7N NaOH and 50% NaOH, respectively, for the

. L - : cartridge which has been previously conditioned with 10 mL

phosphate buffer during the initial extraction. Poultry fat (5 g) .

h ized with 0.1 mL 7N NaOH and 10 mL ethvi methanol, 10 mL water, and 5 mL 2% aqueous sodium chlo-
was homogenizedwith .- m nadran ML EY1aC4e solution. Wash the cartridge after loading with 2 mL
etate, centrifuged at 19gor 20 min, then the organic phase 2% aqueous sodium chloride solution, followed by 2 mL wa-
was removed and evaporated. The oily residue was dissolv g '

in 4 mL methanol trifuged and th thanol r, then elute the analytes with 15 mL
in 4 mL methanal, centrituged and the methanol was removeq . o ijle—0.050 mol/L phosphate buffer, pH 8 (1 + 1, v/v).

and evaporated to dryness. The residue was dissolved e eluate is evaporated to <0.75 mL, then 0.070 mL 1% for-

0.2 mL mobile phase. For calf fat, the volume of ethyl acetate, ;. 4¢id is added and the volume is adjusted to 1 mL by addi-
used was increased to 15 mL. For pig fat, 2 mL 0.07 mol/mLy;q, of water. After filtration through a 10 000 Da cut-off de-

phosphate buffer (pH 8.5) was substituted for the 7N NaOH, ;e at 7000 g, a 0.010-0.015 mL aliquot is analyzed by
Albendazole was used as an internal standard for the analysig/\is/ms using electrospray ionization, positive ion mode.
of muscle, liver, and kidney, but not for fat. Extracts were anaygenification is based on a parent ion plus 2 or 3 transition
lyzed by reversed-phase liquid chromatography using a mMOpns for each target analyte. Confirmation limits are as fol-
bile phase consisting of acetonitrile-aqueous 0.04AMPR  |ows: penicillin G, 0.00053 mg/kg; ampicillin,
(1+2, vN) at a flow rate of 1.5 mL/min. A limit of 000052 mg/kg; amoxicillin, 0.00042 mg/kg; cloxacillin,
quantitation of 0.05 mg/kg was achieved, with a linear rangey 0011 mg/kg; oxacillin, 0.00040 mg/kg.
0f 0.050-0.50 mg/kg for muscle and kidney, 0.05-0.30 mg/kg - Residues of thg-blocker drug carazolol in porcine muscle
for liver and pig fat,.and O.Q5—0.4O mg/kg for poultry fat. The \were determined using a radioreceptor assay in which
method was applied to incurred samples obtained fromyaraz0l0l residues competed for receptor sites with
8 calves administered with tylosin at 20/mg/kg body [34)-dihydroalprenolol (50). Residues are extracted under ba-
weight/day for 5 days, then slaughtered at 7 and 14 days afic conditions into ether for analysis. Limits of detection were
withdrawal. Tylosin residues were stable in spiked kidney tis'approximately 0.001 mg/kg in pig muscle and 0.0015 mg/kg
sues stored at —8Q for 400 days, and in other tissues storedin pig kidney. In a study to determine if carazolol residues per-
80-120 days prior to re-analysis. sist for up to 30 h post-injection at the recommended dose of
Residues of the macrolide antibiotics tylosin and0.010 mg/kg body weight, highest residues were found at 1 h
erythromycin were also determined in bovine muscle using ai0.011 mg/kg in kidney, 0.004 mg/kg in muscle), but these
indirect assay based on ELISA with electrochemical detecwere below the MRLs established for this compound by the
tion (47). Monoclonal antibodies were used as BSA conju-European Union (0.005 mg/kg in muscle, 0.025 mg/kg in kid-
gates to compete with free analyte, after which the activity ohey). The method was considered to be suitable for use as a
the horseradish peroxidase-labelled antiglobulins was detescreening method.
mined electrochemically. Limits of detection were  Atime-resolved fluorescence immunoassay (TR-FIA) was
0.0004 mg/L for erythromycin and 0.004 mg/L for tylosin. reported for the determination of zeranol in bovine urine, us-
Other macrolides did not interfere in the assay, except fomg immunoaffinity chromatography for sample cleanup and
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specificity-enhanced  zeranol antibody to reducewas eluted with 3 mL 0.1 mol/L sodium hydroxide—methanol
cross-reactivity with relatefusariumspp. toxins (51). The (70 + 30, v/v) into a 10 mL glass tube. After addition of
dry-well chemistry approach with the reagents present in th@.300 mL concentrated hydrochloric acid and 2 mL ethyl ace-
reaction well in dry form resulted in a simple assay, requiringtate and mixed on a Vortex mixer for 15 s, the tubes were cen-
only the addition of the sample extracttba 1 hreaction time trifuged at 200@y for 10 min at £C and the upper (ethyl ace-
before results were read. A limit of detection of 0.0013 mg/Ltate) layer was then transferred into a glass centrifuge tube.
was calculated from analysis of 20 blank urine samples Atrhe extraction was repeated twice and the ethyl acetate ex-
0.002 mg/L zeranol, recoveries of 99% were obtained, with §acts were combined and taken to dryness under nitrogen at
relative standard deviation (within assay) of 4.5-9%. 60°C. The residue was dissolved in methanol—water
Interest in the determination of other hormonal substance@lo +90, v/v) and mixed on a Vortex mixer for 15 s, then

in bovine urine continued, with publication of a method for transferred to microvials for analysis using a reversed-phase
some of the more difficult analytes, includingd-frenbolone,  chromatographic column with a mobile phase of metha-
B-boldenone, 1§-OH-stanazolol, and 4-chloroandrost-4-ene o|_yyater—glacial acetic acid (40 + 59.6 + 0.4, v/v/v) at a flow
-3,17-dion, based on LC/MS/MS (52). A 20 mL test portion Of 16 of 1 mL/min, split so that about 0.20 mL/min was directed

urine is pH adjusted to 4.6 by addition of 3 mol/L acetatey, yo mass spectrometer. An injection volume of 0.030 mL

bUer.a (pHTAHB)’ thte.g loaded on i%lS_;o;d—Ehaste eﬁractlogvas used. The first stage of the mass spectrometer was set to
cariridge. The cartridge was wasned witkami. Water, tnen ., nomit the pseudo-molecular ions of QCA and the internal

thg analytes were eluted with 2 mL methanol. The_ eluate WaStandard ([M+H] m/z175, 179), while the second quadrupole
dried under nitrogen and the residue was dissolved in

0.100 mL methanol, to which 5 mL 0.2 mol/L acetate buﬁertransmitted the product iOMZlZQ, 102, and 75 for QCA and
(pH 4.6) and 0.050 mlHelix pomatiadigestive juice were 106 for _d"QCA‘ C_O ncentrations of QCA were cglculated by
added. After incubation at 8Q for 2 h, the extracts were cen- comparmg the ratio of the 175/129 response_ with that of the
trifuged at 110@ for 10 min, the supernatant was loaded on al79/106 ions for gQCA. The method was validated accord-

C18 solid-phase extraction cartridge and washed with 2 N9 to the draft EU criteria_ o_ver_ the concentration range
5 mL water. An NH cartridge was then attached to the outlet 0-003-0.300 mg/kg. The decision limit @@vas calculated to
of the C18 cartridge and the analytes were eluted with 2 m(Pe 0.00016 mg/kg, while the detection capability E@as
ethyl acetate. The eluate was evaporated to dryness under a 800027 mg/kg.
trogen stream, then dissolved in 0.150 mL mobile phase A major conference on veterinary drug issues with a focus
(methanol-water—formic acid, 64.7 +34.7 + 0.6, v/v/v). A on analytical methods, the 4th International Symposium on
precursor ion and 3 product ions were selected for each targeéformone and Veterinary Drug Residue Analysis, was held in
analyte and validation was conducted according to the draf\ntwerp from June 4—7, 2002. Over 30% of the over 200 oral
EU criteria. ~ Specificity was established by analysis ofpresentations and posters reported on LC/MS and LC/MS/MS
20 blank urine samples, then analysis of the blank urine fortiapplications, indicating the dominant role these techniques are
fied with a number of other hormonal substances |mp||Cated irassuming in drug residue laboratories today_ A selection of pa-
unauthorized usage. No fglse negative results were obtain?%rS presented at this symposium are scheduled for publica-
from 20 blank samples spiked at 0.001 mg/L. tion in a special issue @nalytica Chimica Acta

An improved method using LC/MS/MS with electrospray  piscussion of requirements for validation of analytical
was reported for residues of the carbadox marker residugnethods to support maximum residue limits under consider-
gunioxaline-2-carboxylic acid, in pig liver (53). The use of ation by the Codex Committee on Residues of Veterinary
carbadox as a feed additive has been prohibited in a number E)frugs in Foods continued at the 13th Session of the Commit-

countries, resulting in a requirement to develop methods Wmfee held in Charleston, NC, December 37, 2001. Develop-
lower detection limits than those used to monitor compliance o ' '

with a maximum residue limit of 0,030 mg/kg which was pre- Mments in approaches to single laboratory validation and the

viously in effect A 5 g test portion of homogenized liver was performance-criteria approach to method recognition were

weighed into a 35 mL tube and internal standard was added t%'SCUSSEd and continue to be monitored, with a drafting party

each sample (@QCA). After 10 min equilibration, 10 mL preparing further material on the subject of method validation

3 mol/L sodium hydroxide was added to the tube, which Wagor consideration at the 14th Session of the Committee. Regu-
transferred to a water bath to incubate for 30 min af@0@f-  1atory analysts engaged in import-export testing of foods
ter cooling to room temperature, 4 mL concentrated hydro_should be aware of this discussion and can find relevant infor-
chloric acid was added and the contents were mixed for 30 gnation on harmonized guidelines for single laboratory valida-
then 6 mL ethyl aceate were added. The tubes were invertdiPn of analytical methods recently published by the Interna-
for 1 min, then centrifuged at 20@pfor 10 min at 2C. The  tional Union of Pure and Applied Chemistry (54). Guidance
aqueous layer was transferred to a 10 mL glass tube contai@ the application of these guidelines to residue methods for
ing 1 mL concentrated hydrochloric acid and loaded onto &eéterinary drugs is contained in a consultation report available
solid-phase extraction cartridge containing a nonendcappeat the Web site of the International Atomic Energy Agency
benzenesulfonic acid as the chromatographic medium. Aftefraining Centre (55) or published in a recent symposium pro-
washing with 5 mL 0.1 mol/L hydrochloric acid, the analyte ceeding (56).
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Recommendations (8)

(1) Residues of Triclabendazole in Liver, LC Method (9)
Study Director Herbert Koch, Swiss Federal Veterinary Of-
fice, Schwarzenburgstrasse 161, Liebefeld 3097-CH, Switzer-
land, Tel: +41-31-323-8522, Fax: +41-31-323-8522, E-mail:
Herbert.Koch@bvet.admin.ch. Discontinue topic.

(2) Improved Analysis Of Tetracycline Residues in Swinélo)
Tissues Using Polymer-Based Extraction Cartridggtudy
Director Jan Smudzki, National Veterinary Research Institute,(,1 &)
Al Partyzantow 57, Pulawy 24100, Poland, Tel: 12)
+48-81-866-3051, Fax:  +48-81-866-2595, E-mail:
zmudzki@piwet.pulawy.pl. Continue study. The Generahs)
Referee considers that the method as published, involving a
study by 5 laboratories, will fit in the proposed e-CAMata- (14)
base in the category of “multilaboratory validated methods.’
No further work is planned. Discontinue topic. (15)

(3) Determination of Clopidol in Chicken Tissuedtudy
Director Guo-Fang Pang, Qinhuangdao Entry-Exit Inspection&e,)
and Quarantine Bureau of P.R. China, No. 39 Haibin Rd,
Qinhuangdao 06600-2, People’s Republic of China, TeI/Fa>(:17)
+86-335-340-7608, E-mailpanggfciq@pang.com.cn. The

report is under review by the Committee and the method will ~ (18)
be considered for Official First Action upon completion of the (1)
review. Continue study.

(4) B-Lactam Antibiotics in Milk, LC MethadVacant. (20)

Continue study. Seeking new Study Director. Any scientist or
organization interested in participating in this topic is asked tp1)
contact the General Referee or AOAC INTERNATIONAL.

(5) Determination of lvermectin in Animal Tissuégéa-  (22)
cant. Continue study. Seeking new Study Director. Any scien23)
tist or organization interested in participating in this topic is
asked to contact the General Referee or AOAC INTERNA{24)
TIONAL.

(6) Application of Optical Immunobiosensor Technology(25)
to the Determination of Veterinary Drug Residues in Foods
Establishment of a new topic and appointment of a Topic Ad¢26)
visor is recommended. Any scientist or organization inter-
ested in participating in this topic is asked to contact the Gen-

eral Referee or AOAC INTERNATIONAL. (27)
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