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Sum mary

Drugs have been, un til now, an is sue which has had lit tle or
no de vel op ment, in re gards to new meth ods, not be cause there 
is no need for them, but mostly be cause the phar ma ceu ti cal in -
dus try has had poor par tic i pa tion in AOAC ac tiv i ties. Luck ily, 
this has changed re cently. In 2002 at the 116th AOAC  An nual 
Meet ing in Los An geles, a Phar ma ceu ti cal Task Force was
formed as a re sult of a phar ma ceu ti cal panel dis cus sion meet -
ing. It re flected the to tal com mit ment that was achieved from
the U.S. Food and Drug Ad min is tra tion (FDA), AOAC, U.S.
Phar ma co peia (USP), and in dus try. AOAC IN TER NA -
TIONAL was rep re sented by Pres i dent Tom Jensen, Pres i -
dent-Elect Jim Ault, a num ber of rep re sen ta tives from the
Board of Di rec tors, AOAC Drug Meth ods Com mit tee rep re -
sen ta tives, and many AOAC mem bers, while FDA was rep re -
sented by Cen ter of Drug Eval u a tion and Re search (CDER)
and Of fice of Reg u la tory Af fairs (ORA). USP was of fi cially
rep re sented by Valentin Feyns, who in his pre sen ta tion wel -
comed the idea be hind USP, AOAC, FDA, and in dus try form -
ing the task force and con tin u ing its goals. Sumit Sen was ap -
pointed by AOAC as the co-chair of the task force and Ines
Cereijo was named as a mem ber. As Cereijo was asked by this
Com mit tee to pro pose some meth ods (or groups of meth ods)
which should re ceive a high pri or ity dur ing the next few years, 
she felt that this would be a great op por tu nity for the Phar ma -
ceu ti cal Task Force to come for ward and pro pose meth ods.
Dur ing the panel dis cus sion the ma jor area that was high -
lighted by a num ber of speak ers was the task of iden ti fy ing
USP mono graphs of pharmaceuticals that were ei ther out -
dated or needed im prove ment. Feyns men tioned that the task
force should re view USP mono graphs and come up with a list
of those mono graphs that needed to be re placed. Dur ing 2002
and 2003, Sen had dis cus sions with Roger Wil liams, head of
USP, and other se nior of fi cers from USP (Eric Sheinin and Joe 
Valentino), re gard ing AOAC–USP col lab o ra tive pro jects that
the task force had pro posed. He has dis cussed in de tail these
col lab o ra tive ini tia tives with E. James Brad ford, Ex ec u tive
Di rec tor of AOAC, and Di ana Hopkins, Di rec tor of Gov er -
nance and Ex ec u tive Af fairs. They also or ga nized a
USP–AOAC meet ing held on July 30, 2003, at AOAC in
Gaithersburg, MD. This meet ing was at tended by Wil liams,
Sheinin, Valentino, Ron ald Man ning, Feyns (USP), E. James
Brad ford, Di ana Hopkins, and Anita Mishra (AOAC). There,

it was pro posed that AOAC Pharmaceuticals Task Force
could un der take col lab o ra tive pro jects on re plac ing the ex ist -
ing compendial USP mono graphs on OTC drugs with sta bil ity 
in di cat ing meth ods. The AOAC Pharmaceuticals Task Force
could also uti lize the AOAC’s e-CAM pro gram re gard ing this
mat ter.

AOAC Phar ma ceu ti cal Task Force meet ing at the At lanta
AOAC An nual Meet ing was held Mon day, Sep tem ber 15,
2003, from 6:00 p.m.–7:00 p.m. There it was dis cussed that it
would be very in ter est ing to pro gram col lab o ra tive stud ies to
im prove USP meth ods, al though the cost of these stud ies is an
eco nomic chal lenge.

Atenolone in Com bi na tion with Chloralidone

Dis con tinued.

Dexa meth a sone in Tab lets

Dis con tinued.

Re ser pine and Rescinnamin in Rau wol fia serpentina 
Pow ders and Tab lets

Dis con tinued.

De ter mi na tion of At ro pine (l-Hyoscyamine) Sul fate in 
Com mer cial Prod ucts by Liq uid Chro ma tog ra phy
(LC) with De tec tion by UV Absorbance and
Flu o res cence

Multilaboratory study. Study Co or di na tor Ugo R. Cieri,
U.S. Food and Drug Ad min is tra tion, 2nd and Chest nut Sts,
Phil a del phia, PA 19106, E-mail: ucieri@ora.fda.gov.

An LC method with 2 de tec tion sys tems for de ter min ing
at ro pine (l-hyoscyamine) sul fate in com mer cial prod ucts (tab -
lets, oph thal mic so lu tion, ex tended re lease tab lets, and in jec -
tions) was de vel oped. At ro pine (dl-hyoscyamine) and
l-hyoscyamine are the prin ci pal con stit u ents of Atropa bel la -
donna while it may con tain small amounts of sco pol amine.
The same al ka loids and in ap prox i mately the same ra tios are
found in Datura stranomium. Greater amounts of sco pol -
amine are found in Hyoscyamus niger and Scopola carniolica. 
Bel la donna al ka loids are used as anticholinergic,
antimuscarinic, antispasmodic, and mydriatic agents. It is be -
lieved that the ther a peu tic prop er ties of bel la donna al ka loids
de pend pri mar ily on the levo iso mers, l-hyoscyamine or l-sco -
pol amine. That is why l-hyoscyamine, be ing about 100% levo
is twice as po tent as the racemate at ro pine, which is com posed 
of equal amounts of the d and l en an tio mers. It has been
claimed that at ro pine is not pres ent in plants but that
l-hyoscyamine is, which dur ing the ex trac tion pro cess un der -
goes racemization to give at ro pine. Sev eral com mer cial prep -
a ra tions, such as tab lets, in jec tions, so lu tions con tain at ro pine
or l-hyoscyamine as the sul fate salt sol u ble in wa ter at the
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adult dos age of 0.4 mg. Sco pol amine hydro bro mide sol u ble
salt is less com mon in com mer cial prep a ra tions, con tain ing
adult dos age of 0.4 mg.

Oc ca sionally a prod uct is la beled to con tain all 3 al ka loids,
at ro pine sul fate, l-hyoscyamine sul fate, and sco pol amine
hydro bro mide.

Pub lished meth ods for the anal y sis of prod ucts con tain ing
bel la donna al ka loids uti lize gas liq uid chro ma tog ra phy (GLC) 
or LC (1). Gen erally the chromatogram ob tained shows a peak 
for sco pol amine but a sin gle peak for at ro pine and
l-hyoscyamine. The USP has sev eral mono graphs in which
the as say of the al ka loid is done by GLC (2). But for the as say
of at ro pine sul fate in jec tions the USP em ploys LC with a re -
versed-phase C18 col umn and de tec tion by UV absorbance at
254 nm (3). For some prod ucts con tain ing also diphenoxylate
hy dro chlo ride the USP de ter mines at ro pine sul fate by LC with 
a re versed-phase C18 col umn and de tec tion by UV
absorbance at 206 nm (4, 5). Ting (6) pub lished a method for
the si mul ta neous de ter mi na tion of sco pol amine,
l-hyoscyamine, and phenobarbitalin tab lets with a re -
versed-phase C18 col umn and de tec tion by UV absorbance at
220 nm. In an ear lier pub li ca tion (7) for the de ter mi na tion of
at ro pine (l-hyoscyamine) Cieri also em ployed a re -
versed-phase C18 col umn but used flu o res cence de tec tion
with 255 nm ex ci ta tion and 285 nm emis sion. A re cent ex per i -
men tal work per formed in this lab o ra tory showed that a short
nor mal-phase (sil ica) col umn is a valid al ter na tive in the LC
de ter mi na tion of bel la donna al ka loids. The ad van tage of this
col umn over some of those pre vi ously pro posed is that it
reaches equi lib rium very quickly and re mains sta ble for a long 
time. Mo bile phase cho sen has sim i lar i ties with those of pre vi -
ous LC meth ods but re quires smaller quan ti ties of ion-pair re -
agents in the aque ous phase. As the other meth ods re viewed,
at ro pine and l-hyoscyamine are not sep a rated form ing a sin gle 
peak. Sco pol amine elutes ear lier and, if pres ent, is well sep a -
rated from the com bined at ro pine-l-hyoscyamine peak. The
sam ples se lected for this study how ever did not con tain sco -
pol amine.

De tec tion was ac com plished at UV 220 nm, as pre vi ously
done by Ting (6), but also by flu o res cence at 255 nm ex ci ta tion
and 285 nm emis sion, as re ported in the pre vi ous pub li ca tion.

This study went un der re vi sion for its pub li ca tion and it
was de ter mined that the study does not con form to the re quire -
ments of a col lab o ra tive study, which in clude the ap proval of
the study pro to col by the ap pro pri ate com mit tee (in clud ing
sta tis ti cal de sign and safety re views), did not in clude the man -
da tory anal y sis of blind du pli cates, in cluded only a very lim -
ited range of con cen tra tions in the study sam ples, and did not
in clude re quired el e ments of sta tis ti cal as sess ment. Con se -
quently, it has been ac cepted for pub li ca tion in the AOAC
Jour nal as a multilaboratory study.

Interlaboratory Studies

In Ar gen tina, AOAC to gether with the In sti tute for Med i -
cines De part ment of the Min is try of Health or ga nized the first
pro fi ciency test ing round for the phar ma ceu ti cal in dus try. The 
ob jec tive of this study was to eval u ate the per for mance of the

28 par tic i pant lab o ra to ries: 2 gov ern men tal, 2 ac a demic, and
24 pri vate (10 mul ti na tional and 14 na tional).

They had to an a lyze 2 ge neric drugs, mebendazole and so -
dium diclofenac, for quan ti fi ca tion and loss on dry ing. The
data of the anal y ses per formed by the lab o ra to ries were an a -
lyzed and iden ti fied with a code num ber. Loss on dry ing was
per formed by the gravimetric method and quan ti fi ca tion as say 
was car ried out ac cord ing to the meth ods de scribed in USP
XXV Ed. or Eu. Ph., 4th Ed. (8).

It was de cided to uti lize ro bust sta tis tics (3.18. ISO Guide
43-1), in or der to in clude all the re sults. The trend is to em -
ploy, where pos si ble, ro bust pro ce dures that weigh the re sults, 
not af fect ing them by the pres ence of anom a lous data. The ro -
bust tech niques min i mize the in flu ence of ex treme re sults on
the es ti ma tion of the me dian and of the stan dard de vi a tion.
These tech niques do not dis card ex treme val ues from the set
of data, but they do as sign to them less weight.

Finally, z-score val ues were de ter mined. The z-scores are
nor mal ized val ues that give a punc tu a tion to the de ter mi na -
tions car ried out by each lab o ra tory rel a tive to those per -
formed by the other lab o ra to ries on the same sam ple. So, the
per for mance of each lab o ra tory was eval u ated by means of the 
z-scores be tween- and within-lab o ra to ries.

The cri te ria of ac cep tance of the z-score (ISO Guide 43-1;
1997) were the fol low ing: Sat is fac tory, *z*<2; Ques tion able,
2<*z*<3; Nonsatisfactory, *z*>3.

A z-score near 0 in di cates that the de ter mi na tion of the lab -
o ra tory is in ac cord with those of the other lab o ra to ries while
an out lier would be any re sult which has an ab so lute value of
z-score-between lab o ra to ries higher than 3, that is to say a
nonsatisfactory re sult.

Of the 27 par tic i pant lab o ra to ries, only 4 (14.8%) re ported
one or more nonsatisfactory re sults. Of the 212 re ported anal -
y ses, a to tal of 7 (3.3%) were iden ti fied as nonsatisfactory and
13 (6.1%) had a high vari abil ity be tween the 2 rep li cates of
their anal y ses (z-score within-laboratories nonsatisfactory).

The lab o ra to ries that used the LC and the CE meth ods had
sat is fac tory z-score val ues. This fact showed that the method
used for the de ter mi na tion of the quan ti fi ca tion did not in flu -
ence the re sults.

As a con se quence, 2 Cer ti fied Ref er ence Ma te ri als (CRM)
were ob tained. The con sen sus val ues and their cor re spond ing
un cer tain ties were es ti mated with the me di ans of all the de ter -
mi na tions and their con fi dence in ter vals (CI) of 95%.

The re sults were the fol low ing: Con sen sus value for quan -
ti fi ca tion of so dium diclofenac: 99.78 ± 0.2, CI 95%: (99.65;
99.90); con sen sus value for loss on dry ing of so dium
diclofenac: 0.25 ± 0.02, CI 95%: (0.23; 0.28); con sen sus value 
for quan ti fi ca tion of mebendazole: 99.89 ± 0.16, CI 95%:
(99.72; 100.05); con sen sus value for loss on dry ing of
mebendazole: 0.27 ± 0.04, CI 95%: (0.23; 0.30).

Be sides the rest of the de ter mi na tions spec i fied in the phar -
ma co poe ias for each drug were car ried out by 2 ref er ence lab -
o ra to ries and were in cluded in the cer tif i cate as un cer ti fied
val ues. It would be in ter est ing to point out that these CRM’s
are the first of their kind car ried out world wide in the phar ma -
ceu ti cal lab o ra to ries.

260 GENERAL REFEREE REPORTS: JOURNAL OF AOAC INTERNATIONAL VOL. 87, NO. 1, 2004



A sec ond round has taken place with an other 2 drugs:
enalapril maleate and midazolam hy dro chlo ride. This time
33 laboratories par tic i pated, and the re sults are be ing eval u -
ated at the pres ent mo ment. As soon as they are handed out, a
third round will be or ga nized with the fol low ing drugs:
amidarone hy dro chlo ride, amlodipine besilate, sal buta mol,
ciprofloxacin hydrochloride, neomycin sul fate, and
polymixin B sul fate. In this last round lab o ra to ries from other
coun tries of Latin Amer ica will be in vited to par tic i pate.

Col lab o ra tive Study

As a re sult of the sec ond round of the Pro fi ciency Test ing, a 
col lab o ra tive study has arisen, in or der to im prove the quan ti -
fi ca tion method, and is go ing to be or ga nized. The topic to
con sider will be De ter mi na tion of Enalapril Maleate by
HPLC, Study Di rec tor Clyde Carducci, Junin 956, Facultad
De Farmacia y Bioquímica, Universidad de Bue nos Ai res,
Bue nos Ai res, Ar gen tina, E-mail: ccardu@ffyb.uba.ar. This
drug is cur rently an a lyzed ac cord ing to the Eu ro pean Phar -
ma co poeia (8) by a titrimetric method. Al though ab so lute
meth ods don’t need Stan dard Ref er ence Ma te rial, some times,
ac cord ing to the na ture of the drug it is nec es sary to have com -
ple men tary chro mato graphic meth ods where all the im pu ri ties 
can be sep a rated.

Rec om men da tions

(1) De ter mi na tion of At ro pine (l-Hyoscyamine) Sul fate in
Com mer cial Prod ucts by Liq uid Chro ma tog ra phy with De tec -
tion by UV Absorbance and Flu o res cence: Study Co or di na tor
Ugo R. Cieri, U.S. Food and Drug Ad min is tra tion, 2nd and
Chest nut Sts, Phil a del phia, PA 19106, E-mail:
ucieri@ora.fda.gov. Dis con tinue study.

(2) De ter mi na tion of Enalapril Maleate by HPLC: Study
Di rec tor Clyde Carducci, Universidad de Bue nos Ai res, Junin
956, Facultad de Farmacia y Bioquimica, Bue nos Ai res, Ar -
gen tina, E-mail: ccardu@ffyb.uba.ar. Eval u ate re sults of
precollaborative study and rec om mend for col lab o ra tive
study. Con tinue study.
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Sum mary

The AOAC Re search In sti tute (AOAC-RI) con tin ued to
eval u ate and val i date rapid meth ods for the de tec tion of
antimicrobial res i dues in foods. This year, it cer ti fied the New
SNAP Beta-Lactam test kit (#030302) for screen ing raw,
com min gled whole bo vine milk for 6 b-lactam an ti bi otic drug
res i dues: amoxicillin, ampicillin, ceftiofur, cephapirin, and
pen i cil lin G. It also cer ti fied an other test kit de vel oped by
Charm Sci ences, the Charm SL-6 b-lactam test kit (#040301),
for screen ing com min gled bo vine milk for res i dues of
amoxicillin, ampicillin, cephapirin, ceftiofur, cloxacillin, and
pen i cil lin G. This brings to 9 the to tal num ber of com mer cially 
avail able an ti bi otic test kits that have been cer ti fied by the
AOAC-RI for screen ing vet er i nary drug res i dues in raw com -
min gled bo vine milk since the test kit eval u a tion and cer tif i ca -
tion pro gram be gan in the early 1990s.

The Parallux Test kit, cer ti fied in 2000 by AOAC-RI for
screen ing 6 b-lactam drug res i dues in bulk tank bo vine milk,
was adapted for screen ing the fol low ing an ti bi otic drug res i -
dues in bo vine and por cine kid neys: tet ra cy cline, oxy tet ra cy -
cline, chlortetracycline, doxycycline, ceftiofur, cefquinome,
cephapirin, pen i cil lin G, ampicillin, and amoxicillin (1). All
the tetracyclines were de tected at 300 ppb, be low the Co dex
rec om mended max i mum res i due limit (MRL) for kid ney of
1200 ppb; ceftiofur was de tected at 1000 ppb in kid ney mus -
cle (MRL is 4000 ppb) and cefquinome at 200 ppb; cephapirin 
was de tected at 100 ppb; pen i cil lin G, ampicillin, and
amoxicillin were all de tected at the rec om mended Co dex
MRL of 50 ppb. In its cur rent for mat, this test kit is un able to
de tect other com monly used antimicrobials such as the sul -
fona mides, fluoroquinolones, and macrolides.

The Delvotest SP, also cer ti fied by the AOAC-RI in 1993
for bulk tank bo vine milk, was suc cess fully used in a study to
screen antimicrobials in ewe milk with the aid of a pho to met -
ric de tec tor (2). In an other study, test re sults ob tained with the
Delvotest were shown to com pare with re sults ob tained with
the Disk Dif fu sion Method when both tests were used to mon -
i tor for antimicrobials in milk (3). 

The ap pli ca tion of sur face plasmon res o nance (SPR) tech -
nique, pi o neered by the Swed ish com pany Biacore for vet er i -
nary drug res i due mon i tor ing and sur veil lance pro grams, is
be com ing in creas ingly pop u lar. This year alone, at least 6
stud ies in which the Biacore sen sor was used for screen ing
vet er i nary drug res i dues in foods have been re ported. In one
study, the tech nique was used to de tect mul ti ple b-ag o nist res -
i dues (4) in bo vine liv ers and it was dem on strated that
malbuterol, clenbuterol, and sal buta mol res i dues in bo vine
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liv ers can be de tected at con cen tra tions down to 0.02, 0.11,
and 0.19 mg/kg, re spec tively, while sev eral other b-agonists
can also be de tected at con cen tra tions be low 1.5 mg/kg. In
another study, the tech nique was used to de tect mul ti ple sul fona -
mides (sulfamethazine, sulfisoxazole, sulfachlorpyridazine,
sulfachlorpyrazine, sulfamerazine, sulfadiazine, sulfatroxazole,
and sulfathiazole) with de tec tion lim its be tween 7 and 20 mg/L in
di luted chicken se rum (5). The technique has been used to de -
tect nicarbazin, a feed ad di tive used glob ally to pre vent out -
breaks of coccidiosis in broiler chick ens, poul try liver, and
eggs with de tec tion lim its of 17 and 19 mg/kg, re spec tively (6). 
It has also been used to de tect res i dues of the
5 aminoglycosides (gentamicin, neomycin, kanamycin, strep -
to my cin, and dihydrostreptomycin) in skimmed milk pow der
with de tec tion lim its be tween 15 and 60 mg/L; con cen tra tions
which are well be low the Eu ro pean Un ion (EU) MRLs de -
fined for these drugs that range from 100 to 500 mg/L (7). An -
other in ter est ing ap pli ca tion of the tech nique was re ported for
the de tec tion of levamisole in liver and milk (8) with de tec tion 
lim its of 6.8 mg/kg and 0.5 mg/L, re spec tively. Levamisole is
used widely for the con trol of gas tro in tes ti nal par a sites in
many an i mal spe cies. While an MRL of 100 mg/kg has been
de fined by the EU for levamisole res i dues in liver, there is no
MRL de fined for milk. Thus, this method pro vides reg u la tors
with a tech nique for mon i tor ing any ex tra-la bel use and/or
mis use of this drug in dairy an i mals. Fi nally, one study re -
ported that test re sults ob tained us ing the Biacore sen sor for
the de ter mi na tion of ractopamine in cat tle and sheep urine
were slightly higher than with those ob tained by LC and en -
zyme-linked immunosorbent assay (ELISA; 9). It was dem on -
strated in this study that, un like the LC method which re -
sponded only to the par ent ractopamine, the Biacore sen sor
re sponds to both par ent ractopamine and its glucuronides. The 
most at trac tive char ac ter is tic of this SPR tech nique is the sim -
plic ity in volved in sam ple prep a ra tion and the speed with
which sam ple anal y sis is ac com plished, which is typ i cally 6–8 
min per sam ple.

An a lyt i cal meth ods have, for the past sev eral years, been
characterized by pa ram e ters such as se lec tiv ity, spec i fic ity, ac cu -
racy, pre ci sion, re peat abil ity, an a lyt i cal range, and de tec tion sen -
si tiv i ties de scribed by the lim its of de tec tion (LOD) and
quantitation (LOQ). As a re sult of dis cus sions that have re cently
taken place within the EU, 2 new pa ram e ters, de tec tion ca pa bil -
ity (CCb) and de ci sion limit (CCa), have been in tro duced as an -
a lyt i cal pa ram e ters that must be de fined to pro vide a better char -
ac ter iza tion of the LOD and LOQ for a val i dated an a lyt i cal
method in tended for reg u la tory use within the EU. The de ci sion
limit is de fined as the limit at and above which it can be con -
cluded with an er ror prob a bil ity a (1 or 5%) that a sam ple is
noncompliant, while the de tec tion ca pa bil ity is the small est con -
tent of the sub stance that may be de tected, iden ti fied, and/or
quan ti fied in a sam ple with an er ror prob a bil ity of b (5%). As a
re sult of the in tro duc tion of these 2 new pa ram e ters, meth ods re -
ported in this re view will show cal cu la tions for ei ther LODs and
LOQs, or CCa and CCb.

Sev eral new meth ods were re ported for the de ter mi na tion
of chloramphenicol (CAP) res i dues in meat and sea food prod -

ucts. One method de scribed the use of iso tope di lu tion
electrospray neg a tive ion iza tion mass spec trom e try (MS)
com bined with liq uid chromatography (LC; 10) for the de ter -
mi na tion of CAP in meat (chicken, tur key, beef, and pork) and
sea food (dab, shrimp, and fish in dry pow dered form). The
method uses liq uid–liquid ex trac tion fol lowed by sil ica
solid-phase ex trac tion (SPE) cleanup and mass spec tral anal y -
sis us ing mul ti ple re ac tion mon i tor ing of 2 di ag nos tic tran si -
tion re ac tions for CAP m/z 321®257 and m/z 321®152 to -
gether with the tran si tion re ac tions from the 35Cl/37Cl ra tio
m/z 323®257 and m/z 323®152. The method was val i dated
and a de ci sion limit and de tec tion ca pa bil ity of 0.01 and
0.02 mg/kg, re spec tively, were cal cu lated. An other method
was de vel oped for the de ter mi na tion of CAP in bo vine, por -
cine, and chicken mus cle tis sue (11) by ma trix solid-phase
dis per sion (MSPD) ex trac tion tech nique fol lowed by high
res o lu tion gas chro mato graphic (GC) anal y sis of the
disilylated trimethyl–CAP and de tect ing the derivatized CAP
with an elec tron cap ture de tec tor (ECD). The LOD and LOQ
for this method were 1.6 and 4 mg/kg, re spec tively. An other
method was re ported for the de tec tion and con fir ma tion of
CAP in equine, por cine, and bo vine mus cle and urine (12).
This method in volved ex tract ing CAP with ethyl ac e tate, a
2-step C18 SPE car tridge cleanup fol lowed by neg a tive ion at -
mo spheric pres sure chem i cal ion iza tion mass spec trom e try
(APCI-MS) anal y sis. The au thors dem on strated that with the
sim ple cleanup pro ce dure de scribed, a LOD of 0.02 mg/kg
was achiev able for CAP in urine by LC/MS/MS com pared to
only 2 mg/kg by elec tron im pact GC/MS.

A method for the si mul ta neous de ter mi na tion of res i dues of
CAP, thiamphenicol, florfenicol, and florfenicol amine by LC/MS
was de scribed in which the phenicols were ex tracted from salmon, 
rain bow trout, and shrimp with wa ter and ac e tone (13). The
phenicols were back-ex tracted into di chloro methane (DCM), and
the DCM layer evap o rated to near dry ness. Af ter the re sid ual ex -
tract was dis solved in 0.1% ace tic acid so lu tion (1 mL), it was
washed with hex ane, cen tri fuged at 137 ´ g, and the lower aque -
ous por tion fil tered and an a lyzed by re versed-phase LC/MS. 
LODs of 0.1, 0.3, and 1.0 ng/g were es ti mated for florfenicol and
CAP, thiamphenicol, and florfenicol amine, re spec tively. In an -
other method, florfenicol in 2.0 g chan nel cat fish mus cle tis sue
was acid hy dro lyzed for 3 h at 100°C fol lowed by ethyl ac e tate ex -
trac tion (14). Af ter centrifugation at 1303 ´ g for 5 min, the ethyl
ac e tate layer was as pi rated to waste and the pH of the hydrolysate
ad justed to >12.5 with 30% (w/w) NaOH. The sam ple was then
cleaned up on a Varian Chem Elut SPE col umn, dried, dis solved in 
2 mL fi nal ex tract so lu tion, fil tered, and an a lyzed on a re -
versed-phase Zorbax C8 LC col umn (250 ́  4.6 mm) with UV de -
tec tion at 220 nm. LOD of 0.044 mg/g and a LOQ of 0.075 mg/g
were cal cu lated for this method.

A method for the de ter mi na tion and con fir ma tion of CAP
in bo vine milk by LC/MS/MS was re cently re ported (15). In
this method, 10 mL defatted milk was heated to 380°–40°C
and cleaned up on a C18 SPE car tridge. The eluate was fur ther 
cleaned up on a neu tral alu mina SPE car tridge, dis solved in
25% acetonitrile, fil tered, and an a lyzed by LC-APCI-MS.
Con fir ma tion was based on se lected re ac tion mon i tor ing of the
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ion tran si tions m/z 321®152 (100%), m/z 321®194 (35%), and
m/z 321®257 (65%). With re cov er ies of 90% for CAP us ing this 
sim pli fied sam ple prep a ra tion pro ce dure, the au thors were able
to con firm CAP res i dues in milk at a con cen tra tion of 0.1 mg/kg.
An other method was re ported for the de ter mi na tion of CAP
together with 6 sul fona mides (sulfamethazine, sulfa-
thiazole, sulfamerazine, sulfachlorpyridazine, sulfamethoxazole,
and sulfamonomethoxine) and 3 nitrofuran res i dues
(nitrofurazone, furazolidone, and furaltadone) in pas teur ized
milk (16). In this method, 10 mL pas teur ized bo vine milk for -
ti fied with the 10 com pounds were ex tracted with ac e -
tone–chlo ro form and the or ganic phase was evap o rated. The
re sid ual ex tract was dis solved in a 0.02M aque ous so dium ac -
e tate buffer (pH 4.8) and washed with hex ane. Af ter aspirating 
the hex ane layer to waste, the aque ous layer was fil tered and
an a lyzed as fol lows by re versed-phase LC with UV de tec tion:
CAP and the sul fona mides were sep a rated us ing gra di ent
anal y sis and de tected at 275 nm; the nitrofurans were sep a -
rated isocratically and de tected at 375 nm with min i mum de -
tec tion lim its >10 ng/mL for all the sul fona mides and CAP.
The EU MRL for to tal sul fona mides in milk is 100 mg/L.
Thus, with min i mum de tec tion lim its >10 mg/L for all the sul -
fona mides and CAP, this method would be suit able for reg u la -
tory screen ing for these sulfonamide drug res i dues in milk, but 
not for CAP (a banned sub stance).

To ad dress reg u la tory de mands by the Eu ro pean Com mis -
sion for en hanced res i due test ing for CAP drug res i dues in cer -
tain fish ery and aquaculture prod ucts from South East Asia into 
the Eu ro pean Com mu nity, an an a lyt i cal method was de vel oped
that was based on ELISA for screen ing and GC/MS/MS and/or
LC/MS/MS for con fir ma tion (17). In this method, ELISA was
car ried out di rectly on an aque ous ex tract of shrimp, or af ter ex -
trac tion with ethyl ac e tate. Con fir ma tion of sus pect sam ples
was per formed af ter ex trac tion with ethyl ac e tate fol lowed by
defatting with n-hex ane. Af ter a C18 SPE cleanup, the ex tract
was derivatized with N-methyl-N-trimethylsilyltrifluoroacetamide
(MSTFA) and analyZed by neg a tive ion GC/MS/MS. Any pre -
sump tive pos i tive (sus pect) shrimp sam ple could be con firmed
at the 0.1 mg/kg level.

Meth ods con tin ued to be de vel oped for res i dues of the
sulfonamide group of antimicrobial drugs in milk. In one
method, a sim ple, one-step ultrafiltration pro ce dure cou pled
with LC/MS/MS anal y sis was de vel oped and val i dated for the 
de ter mi na tion of 5 ap proved sulfonamides (sulfadiazine,
sulfamethazine, sulfamethoxazole, sulfadoxine, and sulfa-
dimethoxine), and one (dapsone) that is un ap proved for use in
food-pro duc ing an i mals (18). The val i dated method, with
LOQs of 5 mg/L for all the com pounds, was shown to be suit -
able for the de ter mi na tion of both ap proved and banned sul -
fona mides. The one-step ultrafiltration pro ce dure, with slight
mod i fi ca tions, was dem on strated also to be use ful for the
quantitation of an other class of vet er i nary drugs, the
benzimidazoles and their me tab o lites, namely, albendazole,
albendazole sulfoxide, fenbendazole, oxfenbendazole, and
oxfenbendazole sulphane, at con cen tra tions ³2 mg/L. An other
sim ple, but sen si tive method that used a graphitized car bon black 
sorbent SPE was de vel oped for the de ter mi na tion of 14 sul fona -

mides (sulfamethazine, sulfamethoxazole, sulfaguanidine, sul fa nil -
amide, sulfathiazole, sulfapyridine, sulfamerazine, sulfameter,
sulfamethizole, sulfamethoxypyridazine, sulfachlorpyridazine,
sulfamonomethoxine, sulfaquinoxaline, and sulfadimethoxine)
drug res i dues in milk and eggs (19). Es ti mated LOQs of the
method were 1–6 mg/L in whole milk, and 5–13 mg/kg in eggs. 
A rapid, quan ti ta tive and con fir ma tory method for
12 sulfonamide drug res i dues in milk and eggs with LOQs of
1–3 mg/L for milk and 2–6 mg/kg in eggs (20) was re ported. In
this pro ce dure, 4 mL milk were de pos ited on sand
(crystobalite) and packed into an ex trac tion cell. The sul fona -
mides were ex tracted by flow ing 4 mL wa ter through the cell
heated at 75°C. Af ter the pH of the ex tract was ad justed,
500 mL of the fi nal ex tract was in jected into the LC and an a -
lyzed by electrospray pos i tive ion mass spec trom e try
(ESI/MS). In an other study, a poly meric SPE car tridge was
used for the cleanup of a milk ex tract for ti fied with
6 sulfonamide drug res i dues at 8.2 mg/L prior to anal y sis by
LC-APCI-MS. The method was dem on strated to be suit able
for mon i tor ing sulfonamide drug res i dues at con cen tra tions
be low the MRL of 10 mg/L de fined for sulfonamide res i dues
in Ko rea (21). In this pro ce dure, the pH of 20 mL milk for ti -
fied with 6 sul fona mides (sulfamethazine, sulfadimethoxine,
sulfathiazole, sulfadiazine, sulfamethizole, and sulfapyridine)
was ad justed to 4.5 and ex tracted with 20 mL acetonitrile. Af -
ter centrifugation at 1990 ´ g for 5 min, the up per acetonitrile
layer was trans ferred to a 100 mL round bot tom flask and the
vol ume of ex tract re duced to 5 mL by ro tary evap o ra tion at
40°C. Then, 100 mL wa ter was added to the sam ple, loaded
onto a con di tioned ethylvinyl-divinyl ben zene co pol y mer car -
tridge, washed with 2 mL wa ter, and eluted with 10 mL
acetonitrile. The eluate was evap o rated to about 0.5 mL us ing
the TurboVap evap o ra tor, 0.5 mL wa ter was added, and the so -
lu tion was fil tered and an a lyzed by re versed-phase LC on an
ODS-2 col umn with de tec tion by APCI-MS.

A rapid method with a LOQ of 10 mg/kg was used to mon i -
tor the per sis tence or ab sence of sulfathiazole res i dues in
French hon eys by LC with flu o res cence de tec tion (22). It was
re ported that of the 148 honey sam ples col lected in 2001 as
part of the French Na tional Res i due test ing pro gram, 19 sam -
ples were found to be con tam i nated with sulfathiazole res i -
dues at con cen tra tions rang ing from 10–6127 mg/kg.

The tet ra cy cline fam ily of an ti bi ot ics con tinue to be used
ex ten sively for food an i mal and aquacultured fish pro duc tion.
In the Eu ro pean Com mu nity (EC), MRLs of 100, 300, and
600 mg/kg in mus cle, liver, and kid ney, re spec tively, have
been de fined for to tal oxy tet ra cy cline (OTC) (OTC +
4-epi-OTC) drug res i dues in or der to pro tect hu mans from ex -
po sure to OTC in ed ible tis sues of an i mal or i gin. It has al ways
been hy poth e sized that the 4-epimer of OTC (4-epi-OTC) was 
formed in vivo af ter OTC ad min is tra tion to an i mals rather
than through ar ti fact for ma tion as a re sult of sam ple ma nip u la -
tion prior to chem i cal anal y sis. To sys tem at i cally in ves ti gate
the hy poth e sis, an LC method that per mit ted the sep a ra tion of
OTC and 4-epi-OTC on a PLRP-S poly meric re versed-phase
col umn was first de vel oped and val i dated (23); the sep a rated
OTCs were de tected on a Finnigan LCQ ion trap mass spec -
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trom e ter equipped with an ESI source op er ated in the pos i tive
ion mode. The pro ce dure was used in a tis sue de ple tion study
in which the re sid ual con cen tra tions of OTC and 4-epi-OTC
in mus cle, kid ney, and liver tis sues were mea sured af ter 16
calves were ad min is tered 2 in tra mus cu lar in jec tions of a com -
mer cial prep a ra tion of OTC at a dose of 20 mg/kg body
weight. The an i mals were slaugh tered in groups of 4 at 4, 14,
21, and 35 days fol low ing drug ad min is tra tion. While res i dues 
of OTC and 4-epi-OTC were de tected in all the dif fer ent tis -
sues an a lyzed, the au thors claimed that the con cen tra tion of
4-epi-OTC was al ways lower than that of OTC and be low the
rec om mended MRL in all tis sues. To an swer the ques tion
whether 4-epi-OTC de tected in the de ple tion study was
formed by in vivo epimerization of OTC rather than as a
by-prod uct of sam ple prep a ra tion steps, the au thors con ducted 
the fol low ing 4 ex per i ments: (1) They for ti fied con trol tis sue
sam ples with only OTC and an a lyzed the ex tracts for OTC
and 4-epi-OTC. No 4-epi-OTC was de tected in any of the tis -
sue ex tracts. (2) They for ti fied con trol tis sues with OTC and
4-epi-OTC at the MRL, stored the sam ples at –20°C, and an a -
lyzed them over a 5 week pe riod. The con cen tra tions of OTC
or 4-epi-OTC did not change sig nif i cantly un der frozen stor -
age con di tions over this pe riod which was lon ger than the
stor age pe riod for the de ple tion study. (3) They in cu bated a
highly con cen trated so lu tion of OTC at 40°C (the ap prox i -
mate body tem per a ture for a calf) for 20 h. While OTC was
sig nif i cantly de graded (about 50%) over this in cu ba tion pe -
riod, no 4-epi-OTC was de tected. (4) They stored OTC and
4-epi-OTC stan dard work ing so lu tions at 4°C and found them
to be sta ble for 6 months. In light of these re sults, the au thors
con cluded that any 4-epi-OTC de tected in the tis sue de ple tion
study was not formed as a by-prod uct of the sam ple prep a ra -
tion pro ce dures, but by in vivo epimerization of OTC. We can
un der stand why some of the ex per i ments were con ducted, but
we can not see how these ex per i ments un equiv o cally ex plain
the in situ for ma tion of 4-epi-OTC.

Sur vey re sults from 292 an i mals (94 cat tle and 198 pigs) of 
re sid ual tetracyclines and sul fona mides in kid neys of dis eased 
an i mals in the Aichi Pre fec ture, Ja pan, over the pe riod
1995–1999 were re ported (24). Drug res i dues found in these
an i mals in cluded chlortetracycline (CTC; 20.2%), OTC
(16.1%), sulfamonomethoxine (SMMX; 12.0%),
sulfadimethoxine (SDMX; 0.7%), sulfamethoxazole
(SMX; 0.7%), sulfamerazine (SMR; 0.3%) and sulfisoxazole
(SIX; 0.3%). Con cen tra tions of OTC found in 22 cat tle kid -
neys ranged from 0.05–6.86 and 0.05–3.35 mg/kg in 25 pig
kid neys; for CTC this ranged from 0.10–8.93 mg/kg in cat tle
kid ney and 0.10–2.67 mg/kg in pig kid neys. The Jap a nese
MRL of 1.2 mg/kg is de fined for to tal OTC, chlortetracycline
(CTC), and tet ra cy cline (TTC), in di cat ing that some of those
sam ples were violative.  SMMX res i dues de tected in 7 cat tle
kid neys ranged from 0.05–0.90 and 0.05–4.84 mg/kg in
28 pigs. SDMX res i dues found in 2 cat tle were 0.69 and
1.70 mg/kg; SMX res i dues found in 2 pigs were 0.11 and
0.66 mg/kg; SMR and SIX res i dues were found in one pig at
0.58 and 0.14 mg/kg, re spec tively. With the ex cep tion of
sulfadimidine (SDD) for which an MRL of 0.10 mg/kg has

been set, the tol er ance for all other sul fona mides is 0 in Ja pan.
All the pos i tive sulfonamide find ings are, there fore, con sid -
ered violative.

Enrofloxacin has been shown to pro vide high ther a peu tic ef fi -
cacy in the treat ment of se vere sys temic in fec tions af fect ing farm
an i mals and farmed fish, and is cur rently ap proved for use in
broiler chick ens in the United States. In creas ing con cern for its
im pact on hu man health con tinue to dic tate that re li able and sen -
si tive an a lyt i cal meth ods be made avail able for mon i tor ing the
per sis tence of enrofloxacin res i dues in foods of an i mal or i gin. In
this re gard, a one-step pro ce dure is de scribed (25) in which
enrofloxacin is ex tracted from 2.0 g chicken breast with 6 mL 1% 
acidic acetonitrile and then an a lyzed with out any fur ther sam ple
cleanup by LC sep a ra tion on a phenyl col umn with flu o res cence
de tec tion (ex ci ta tion at 324 nm, emis sion at 442 nm). The
method was ap plied to screen 18 in curred chicken breast sam ples 
to de ter mine whether the sam ples con tained enrofloxacin res i -
dues at con cen tra tions at, be low, or above the FDA tol er ance
level of 300 mg/kg. A method for the de ter mi na tion of 8
fluoroquinolone an ti bi ot ics (desethylene ciprofloxacin,
norfloxacin, ciprofloxacin, danofloxacin, enrofloxacin,
orbifloxacin, sarafloxacin, and difloxacin) in eggs (al bu min and
yolk) at con cen tra tions rang ing from 10–100 mg/kg by LC with
flu o res cence de tec tion and con fir ma tion by ion trap MS (26) was 
de scribed. An other pa per de scribed the use of LC with ion trap
MS de tec tion to screen and con firm ciprofloxacin, enrofloxacin,
sarafloxacin, and difloxacin res i dues in salmon mus cle tis -
sue (27). Res i dues of these 4 drugs, at con cen tra tions rang ing
from 10–40 mg/kg, were con firmed in ex tracts from in curred
salmon tis sue. A sim ple multiresidue method for the de ter mi na -
tion of 13 quinolones (pipemidic acid, rufloxacin, enoxacin,
ofloxacin, norfloxacin, ciprofloxacin, danofloxacin,
enrofloxacin, difloxacin, cinoxacin, oxolinic acid, nalidixic acid,
and flumequine) in feed was de vel oped and val i dated (28) at 5,
10, and 25 mg/kg feed. In this pro ce dure, feed is ex tracted with a
mix ture of orthophosphoric acid–acetonitrile (pH 2.6), cleaned
up on an Oasis HLB SPE car tridge, and an a lyzed by LC on a C5

an a lyt i cal col umn (150 ´ 4.6 mm id) with flu o res cence and/or
UV de tec tion.

A method de scrib ing the de ter mi na tion and con fir ma tion
of halofuginone, a coccidiostat, in chicken liver and eggs was
re ported (29). An MRL of 10 and 30 mg/kg for halofuginone
in bo vine mus cle and liver, re spec tively, has been es tab lished
in the EU. There is, how ever, no MRL es tab lished for
halofuginone res i dues in poul try. Since halofuginone is not li -
censed for use in com mer cial egg-layers, it is ex pected that
eggs for hu man con sump tion must be free from halofuginone
res i due con tam i na tion. This method, with a de ci sion limit of
35.4 mg/kg and a de tec tion ca pa bil ity of 43.6 mg/kg, was de -
vel oped and val i dated for use in a reg u la tory mon i tor ing pro -
gram for chicken liver and eggs in the United King dom. A rel -
a tively fast, sim ple, and se lec tive LC/MS/MS method for the
de tec tion of 5 coccidiostats (diclazuril, dimetridazole,
halofuginone, nicarbazin, and robenidine) in eggs (30) was
de vel oped and val i dated. The de ci sion limit for the method
ranged from 0.75 to 6.0 mg/kg, while the de tec tion ca pa bil ity
ranged from 0.9 to 8.3 mg/kg.
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A method for the de ter mi na tion of  8 anthelmintic drug res -
i dues [levamisole (LE), thiabendazole (TB), oxfendazole
(OF), oxibendazole (OB), albendazole (AB), fenbendazole
(FB), febantel (FE), and triclabendazole (TC)] in milk by
LC/MS/MS (31) was re ported. MRLs for milk have been es -
tab lished by the Eu ro pean Agency for the Eval u a tion of Me -
dic i nal Products (EMEA) for 6 of the 8 anthelmintics: TB
(100 mg/L), OF (10 mg/L), OB (50 mg/L), AB (100 mg/L), FB
(10 mg/L), and FE (10 mg/L). Since LE and TC are not au tho -
rized for use in lac tat ing dairy cows, the au thors used the con -
cept of the max i mum per mit ted res i due limit (MPRL) of
1 mg/L as a guide line for the min i mum de tec tion sen si tiv ity of
the method that was de vel oped for those 2 analytes. In that
method, the pH of a 5 mL sam ple of milk is ad justed with
100 mL 10M NaOH so lu tion, and then ex tracted with 15 mL
ethyl ac e tate. Af ter centrifugation and evap o ra tion of or ganic
phase to dry ness with ni tro gen at 50°C, the 8 anthelmintics in
the re con sti tuted ex tract were sep a rated by gra di ent anal y sis
on a C18 col umn and de tected by pos i tive ion ESI-MS/MS.

A multiresidue method which used super criti cal fluid for
the ex trac tion of 10 benzimidazole anthelmintics in ovine,
por cine, avian, and bo vine liver fol lowed by LC anal y sis with
UV de tec tion (32) was de vel oped and val i dated with ovine
liver for ti fied at 50, 100, 250, and 500 mg/kg. A liver tis sue
sam ple is oven dried first and packed into an ex trac tion ves sel, 
rehydrated with wa ter, and ex tracted at 80°C with 60 L super -
criti cal CO2 (690 bar). Res i dues are trapped onto neu tral alu -
mina and eluted with 18 mL meth a nol–wa ter (60 + 40, v/v).
The ex tract is acid i fied and cleaned up on a strong cat ion ex -
change SPE and the dried ex tract is dis solved in 400 mL (1 + 1) 
meth a nol–wa ter and an a lyzed by LC-UV. The method can
quan tify all the 10 benzimidazole anthelmintics at con cen tra -
tions ³50 mg/kg. A method for the de ter mi na tion of
mebendazole, the hy dro lyzed me tab o lite, and the re duced me -
tab o lite in sheep tis sue was de vel oped, val i dated, and used in a 
de ple tion study to mon i tor mebendazole (MB) and its de rived
res i dues from ed ible tis sues of sheep af ter a sin gle oral ad min -
is tra tion of the com mer cial for mu la tion Ovitelminâ (33).
Sam ples for anal y sis were made al ka line and then ex tracted
with ethyl ac e tate. MB and the me tab o lites in the tis sue ex tract 
were sep a rated by gra di ent elu tion on a re versed-phase col -
umn and de tected by pos i tive ESI-MS/MS. Cal cu lated de ci -
sion lim its for MB, its hydroxy me tab o lite, and the re duced
me tab o lite were 11, 12, and 13 mg/kg, re spec tively; the de tec -
tion ca pa bil ity for the 3 analytes were 13, 15, and 16 mg/kg, re -
spec tively. It was found that MB ad min is tra tion left re sid ual
con cen tra tions of MB and its 2 me tab o lites in kid ney, liver,
and mus cle tis sues at con cen tra tions that ranged from 21 to
7630 mg/kg with the high est res i dues found in liver. Both
the re duced and the hy dro lyzed me tab o lites were still de -
tect able in the liver, and kid ney 14 days af ter drug ad min is -
tra tion. An LC method with flu o res cence de tec tion was de -
vel oped and val i dated for the de ter mi na tion of albendazole
(ABZ) and its ma jor me tab o lites, albendazole sulfoxide
(ABZ-SO), albendazole sulfone (ABZ-SO2), and
albendazole-2-aminosulfone (ABZ-2NH2SO2) in mus cle tis -
sues of rain bow trout, At lan tic salmon, and tilapia (34). The

method, with LOQs of 20, 1.5, 0.5, and 5 mg/kg for ABZ,
ABZ-SO, ABZ-SO2, ABZ-2NH2SO2, re spec tively, was
then suc cess fully ap plied to the de ter mi na tion of these
res i dues in 3 fish spe cies ob tained af ter oral dos ing with 
albendazole.

A method with a LOQ of 5 mg/kg was de vel oped for
the si mul ta neous de ter mi na tion of 6 macrocyclic lactone
drug res i dues (abamectin, doramectin, eprinomectin,
ivermectin, milbemectin, and moxidectin) in bo vine
mus cle and liver tis sues by LC with flu o res cence de tec -
tion (35). In this method, res i dues of macrocyclic lac -
tones in mus cle and liver tis sue sam ples are ex tracted
with acetonitrile. The ex tract is par ti tioned into n-hex -
ane, evap o rated to dry ness, and cleaned up on an amino
SPE car tridge. The cleaned up ex tract is derivatized with
N,N-dimethyformamide-ace tic an hy dride-1-methylimidazole,
and an a lyzed by LC with flu o res cence de tec tion. In a dis -
po si tion study (36) to eval u ate whether the prac tice of
ex tra-la bel use of this macrocyclic lactone to con trol
ecto- and endoparasitic dis eases in sheep would re sult in
the per sis tence of milk res i dues, 5 fe male Pampinata
dairy sheep with an av er age weight of 92 kg were given a
sin gle dose ad min is tra tion of a com mer cially avail able
doramectin for mu la tion by sub cu ta ne ous in jec tion in the
shoul der at 200 mg/kg body weight. Blood and milk sam -
ples were col lected at de fined time points and an a lyzed
for doramectin us ing a val i dated LC method with flu o -
res cence de tec tion. The dis po si tion data showed that sig -
nif i cant con cen tra tions of doramectin res i dues were still
pres ent in plasma (0.48 mg/L) and milk (1.03 mg/L)
30 days af ter drug ad min is tra tion.

Flunixin, a nonsteroidal anti-in flam ma tory drug
(NSAID) is ap proved for use in cat tle in the United
States. A method was de vel oped for the de ter mi na tion
and con fir ma tion of its hydroxy me tab o lite,
5-hydroxyflunixin, in raw bo vine milk us ing
LC/MS/MS (37). With a LOD of 0.2 mg/L and a LOQ of
1 mg/L, the method was suc cess fully used to con firm the 
pres ence of 5-hydroxyflunixin in in curred milk de ter -
mined to con tain 3.2 and 6.8 mg/L of the marker res i due.
An other method was de vel oped for the de ter mi na tion of 
flunixin, 5-hydroxyflunixin, and ketoprofen in raw
milk by LC/MS/MS (38). The method was used in a de -
ple tion study in which Hol stein-Friesian cows were
given ei ther Ketoprofenâ or Flunixin meglumine
(Finadyneâ) via an in tra ve nous in jec tion at the max i -
mum la bel dose. Cows were milked twice a day and the
milk sam ples an a lyzed. Since the high est con cen tra -
tions found for ketoprofen, flunixin, and
5-hydroxyflunixin were 2.5, 6.7, and 590 mg/L, re spec -
tively, and the con cen tra tion of 5-hydroxyflunixin de -
clined rap idly within a few hours af ter drug ad min is tra -
tion to con cen tra tions be low the EU MRL of 40 mg/mL,
it was con cluded that the 12 h with drawal pe riod was ap -
pro pri ate for the in tended use.

b-agonists con tin ued to at tract at ten tion. An in ter est -
ing case was de scribed in which GC/MS was used to di -
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ag nose the cause of an al leged food poi son ing in 2 pa -
tients ad mit ted to a hos pi tal in Por tu gal with symp toms
of food poi son ing to be due to eat ing clenbuterol-con -
tam i nated liver (39). Plasma sam ples taken from the pa -
tients within 3 h af ter in gest ing the im pli cated liver
sam ple were found to con tain 60 mg/L clenbuterol while
the liver sam ple it self was found to be con tam i nated with
clenbuterol at a con cen tra tion of 1.42 mg/kg by GC/MS. A
sen si tive LC method us ing flu o res cence de tec tion and
MS/MS for the rou tine de ter mi na tion and con fir ma tion of
ractopamine res i dues in an i mal tis sues was de vel oped (40).
Bo vine and por cine mus cle tis sue are ex tracted with meth a nol
and hy dro lyzed with b-glucuronidase, fol lowed by liq uid ex -
trac tion and SPE cleanup. Ractopamine was quan ti fied by LC
with flu o res cence de tec tion us ing ritodrine as in ter nal stan -
dard and con firmed by MS/MS. The method pro vided re cov -
er ies of ³80% for ractopamine added to mus cle tis sue at con -
cen tra tions of 1–4 mg/kg dem on strat ing that it is use ful for
screen ing this drug for which a U.S. tol er ance of 0.05 and
0.15 mg/kg, re spec tively, have been de fined for ed ible swine
mus cle tis sue and liver.

Cat tle des tined for ex port to the EU from Can ada are re -
quired to be cer ti fied to have been grown to mar ket weight
with out the use of hor monal growth promotants (HGPs) such
as trenbolone (TB), nortestosterone (NT), di eth yl stil bes trol
(DES), dienestrol (DIEN), hexestrol (HEX), and zeranol
(ZER), whose use for food an i mal pro duc tion has been
banned in the EU. To pro vide this cer tif i ca tion, a screen ing
method for res i dues of TB, epi-trenbolone, NT, and
epi-nortestosterone (41) in bo vine urine us ing com mer cially
avail able immunoaffinity car tridges for sam ple ex trac tion and
cleanup fol lowed by LC-UV anal y sis was de vel oped and val i -
dated at ³2.0 mg/L, the min i mum re quired per for mance limit
(MRPL) de fined by the EU for such meth ods. An an a lyt i cal
method for reg u la tory con trol of banned sub stances is con sid -
ered fit for this pur pose by the EU if it is able to mea sure the
con cen tra tion of the banned sub stance at ³MPRL. The same
au thors com bined the immunoaffinity chro ma tog ra phy
cleanup pro ce dure with GC/MS to de velop and val i date a
method to screen for DES, DIEN, HEX, and ZER in urine
sam ples at the MPRL (42). A novel pro ce dure for the de ter mi -
na tion of 17 b-estradiol in bo vine plasma in which the drug
was derivatized with a mix ture of pentafluorobenzyl bro mide
and trimethylsilyltrifluoro-acetamide and an a lyzed by GC
with ion trap MS/MS us ing meth ane neg a tive chem i cal ion -
iza tion (43) was de scribed. With a method LOD and LOQ of
5 and 20 ng/L, re spec tively, it was dem on strated that the re -
sults ob tained with this pro ce dure com pared quite well with
re sults ob tained on the same sam ples an a lyzed by stan dard -
ized ra dioimmunoassay tech niques. 17 b-Estradiol, ap proved
for use in the United States, Can ada, Ar gen tina, Aus tra lia, and 
New Zea land, can be used alone or in com bi na tion with other
nat u ral or syn thetic ste roid hor mones to im prove weight gain
and feed ef fi ciency in breed ing cat tle. It is pro hib ited for use
within the EU. Cur rently, it is nearly im pos si ble to dif fer en ti -
ate an i mals treated with an a bo lic ste roids from nontreated an i -
mals. A pro ce dure is de scribed in which high res o lu tion gas

chro ma tog ra phy (HRGC) cou pled with high res o lu tion mass
spec trom e try (HRMS) is used to an a lyze 17 b-estradiol and
17 a-estradiol, their cor re spond ing hy dro philic phase II me -
tab o lites (glucurono-, glycosido-, and di-conjugate forms),
and lipoidal fatty acid es ters in mus cle, kid ney, liver, and fat
sam ples ob tained from con trol steers and steers ad min is tered
sin gle or mul ti ple im plants of RevalorÒ (44). A
multidimensional sta tis ti cal anal y sis of the data gen er ated in -
di cated that it is pos si ble to dif fer en ti ate un treated and im -
planted steers on the ba sis of their met a bolic pro files us ing the
anal y sis of 17 b-estradiol in fat (free and fatty acid forms),
kid ney (glucuronide form), and 17 a-estradiol in liver (free
form). A method that re ports a faster anal y sis for screen ing
and con fir ma tion of estrogens, gestagens, and an dro gens in
kid ney fat by us ing only 5 g sam ple size (45) was re ported. In
this pro ce dure, 5 g kid ney fat were ex tracted with acetonitrile.
The ex tract was washed with hex ane, saponified, and cleaned
up on an SPE car tridge. The ste roids were derivatized and an -
a lyzed as their trimethylsilyl ether de riv a tives by GC with de -
tec tion by MS/MS.

A val i dated method was de scribed for the de ter mi na tion and
con fir ma tion of 5 glucocorticoid ste roids (dexa meth a sone,
betamethasone, flumethasone, fluorometholone, beclomethasone,
and tri am cin o lone acetonide) in bo vine urine (46). The method
in volves an ini tial en zy matic hy dro ly sis of the urine sam ple fol -
lowed by SPE cleanup and anal y sis by pos i tive
APCI/LC/MS/MS. A de ci sion limit of 2 mg/L and a de tec tion
ca pa bil ity of 2–3 mg/L were cal cu lated for the method. Three
calves be ing treated for re spi ra tory con di tions were in jected
intra mus cu larly with a com mer cial for mu la tion of dexa meth a -
sone es ters (DEX) and slaugh tered 72 h af ter treat ment. An -
other 3 calves be ing treated for sim i lar re spi ra tory con di tions
were in jected intra mus cu larly with an aque ous flumethasone
(FLU) prep a ra tion and slaugh tered 24 h post-drug ad min is tra -
tion. An im mu no chemi cal method that had been de vel oped for
screen ing the syn thetic glucocorticoids, dexa meth a sone, and
flumethasone in an i mal tis sues (47) was used to an a lyze res i -
dues of DEX and FLU in mus cle, kid ney, urine, and liver tis -
sues ob tained from the dis eased calves. The re sults ob tained
with the screen ing test in di cated that it was a suit able tech nique
for screen ing the 2 drugs in tis sues and urine sam ples ob tained
from slaugh ter an i mals. A method was de vel oped for the si mul -
ta neous de ter mi na tion and con fir ma tion of betamethasone and
dexa meth a sone res i due lev els in bo vine liver by
LC/MS/MS (48). Con trol liver tis sue for ti fied with the 2 drugs
was ex tracted with acetonitrile and cleaned up on a C18 SPE
car tridge. The tis sue ex tract was an a lyzed on a Hypercarb col -
umn and de tected by MS/MS. The method was val i dated and
shown to have a LOD of 0.2 mg/kg for betamethasone and
dexa meth a sone and a LOQ of 0.4 mg/kg for dexa meth a sone
and 0.3 mg/kg for betamethasone.

The re sults of 3 multilaboratory stud ies were pub lished. In
the first study, 4 lab o ra to ries lo cated in the United States and
Can ada eval u ated the use ful ness of an an a lyt i cal method de -
vel oped for the de ter mi na tion of ceftiofur drug res i dues in bo -
vine milk, kid ney, and mus cle tis sues, and por cine kid ney and
mus cle tis sues for reg u la tory con trol of the use of ceftiofur in
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food an i mal pro duc tion prac tices (49). The study in volved in -
cu bat ing 5 mL milk with dithioerythritol (DTE) so lu tion in
am mo nium ac e tate buffer pH 8.9 for 15 min at 50°C to gen er -
ate desfuroylceftiofur (DFC), an un sta ble in ter me di ate. The
free DFC is ex tracted and cleaned up on a C18 SPE where it is
re acted in situ with iodoacetamide to form the sta ble
desfuroylceftiofur acetamide (DCA). Af ter fur ther cleanup on 
a strong cat ion ex change SPE col umn, DCA is sep a rated from
tis sue and en dog e nous com po nents by re versed-phase gra di -
ent LC with UV de tec tion at 266 nm. For tis sue sam ples, a 1 g
tis sue sam ple is for ti fied at the ap pro pri ate con cen tra tion with
ceftiofur stan dard so lu tion and in cu bated with 0.4% DTE in
0.05M pH 9 bo rate buffer so lu tion for 30 min at 50°C. The re -
sult ing DFC is re acted with iodoacetamide at room tem per a -
ture for 30 min to form DCA which is cleaned up fur ther as de -
scribed for the milk sam ples. Res i due re sults from all
4 par tic i pat ing lab o ra to ries ob tained on blank, blank-fortified, 
and in curred milk and/or tis sue sam ples in di cated that the
method was ca pa ble of dis crim i nat ing un con tam i nated milk
and tis sue sam ples from con tam i nated ones as well as dif fer -
en ti at ing violative (con tam i nated sam ples at con cen tra -
tions ³ rec om mended tol er ance) sam ples from nonviolative
(con tam i nated sam ples at con cen tra tions < rec om mended tol -
er ance) sam ples.

In the sec ond multilaboratory study, 14 lab o ra to ries lo -
cated in Eu rope eval u ated the suit abil ity of a multiresidue
method de vel oped for the de ter mi na tion of 8 peni cil lins
[benzylpenicillin (PenG), phenoxymethylpenicillin (PenV),
ampicillin (AMP), amoxicillin (AMOX), nafcillin (NAF),
oxacillin (OXA), cloxacillin (CLOX), and dicloxacillin
(DCLOX)] for the anal y sis of a set of con trol (drug-free) por -
cine sam ples, a set of con trol por cine sam ples for ti fied with
the peni cil lins, and por cine sam ples con tain ing in curred
ampicillin res i dues at 2 con cen tra tion lev els of 63.5 ± 9.8 and
358.1 ± 53.4 mg/kg (50). Ad di tionally, the 14 par tic i pat ing
lab o ra to ries were also in structed dur ing the study to use the
same meth od ol ogy to mea sure the con cen tra tions of PenG,
PenV, AMP, and AMOX in con trol por cine mus cle tis sues for -
ti fied with these 4 peni cil lins at con cen tra tions rang ing from
50 to 300 mg/kg. Since only a small num ber of the par tic i pat -
ing lab o ra to ries re ported re sults on for ti fied tis sues, it was dif -
fi cult to com pletely as sess the suit abil ity of the method for the
other 3 peni cil lins.

In the third multilaboratory study (51), 18 lab o ra to ries lo -
cated in North and South Amer ica, Eu rope, and Asia eval u -
ated the suit abil ity of an LC method de vel oped for the de ter -
mi na tion of clopidol res i dues in chicken mus cle tis sues by LC
with UV de tec tion at 270 nm for reg u la tory con trol (52, 53). A 
to tal of 306 sam ples were an a lyzed that in cluded
36 clopidol-free mus cle tis sue sam ples, 54 clopidol-incurred
mus cle tis sue sam ples, and 216 clopidol-free mus cle tis sue
sam ples for ti fied with clopidol at con cen tra tions rang ing from 
0.10–5.00 mg/kg. The re sults of the study in di cated that the
method pro vides an a lyt i cal re cov er ies of 82–85% clopidol
added to con trol chicken mus cle tis sues at con cen tra tions in
the 0.01–5.00 mg/kg range with ac cept able reproducibility.

The method was, there fore, rec om mended and adopted as Of -
fi cial First Ac tion in April 2003.

Rec om men da tions

(1) De ter mi na tion of clopidol res i dues in chicken tis sues:
Study Di rec tor Guo-Fang Pang, Qinhuangdao En try-Exit In -
spec tion and Quar an tine Bu reau of P.R. China, 39 Haibin Rd,
Qinhuangdao 066002, Peo ple’s Re pub lic of China, Tel/fax:
+86 335-340-7608; E-mail: panggfciq@pang.com.cn. Study
com pleted and rec om mended for Of fi cial First Ac tion. Method
adopted as Of fi cial First Ac tion in April 2003 by AOAC IN -
TER NA TIONAL and manu script has been pub lished (51).

(2) De ter mi na tion of strep to my cin res i dues in honey by
liq uid chro ma tog ra phy: Study Di rec tor Guo-Fang Pang. Any
sci en tist or or ga ni za tion in ter ested in par tic i pat ing in this
study is re quested to con tact the Gen eral Ref eree or AOAC
IN TER NA TIONAL.

(3) De ter mi na tion of oxy tet ra cy cline, tet ra cy cline,
chlortetracycline, and doxycycline res i due in honey by liq uid
chro ma tog ra phy: Study Di rec tor Guo-Fang Pang. Any sci en -
tist or or ga ni za tion in ter ested in par tic i pat ing in this study is
re quested to con tact the Gen eral Ref eree or AOAC IN TER -
NA TIONAL.

(4) Aminoglycosides in ed ible tis sues, LC/MS/MS con fir -
ma tion method: Topic Ad vi sor Mary Car son, FDA Cen ter for
Vet er i nary Medicine, 8401 Muirkirk Rd, Lau rel, MD 20708,
Tel: +1-301-827-8169, E-mail: mcarson@cvm.fda.gov. The
method de vel oped in the TA’s lab o ra tory has been peer-val i -
dated by the USDA/FSIS, re viewed, and a manu script is in
prep a ra tion.

(5) Oxy tet ra cy cline in shrimp, LC method: Topic Ad vi sor
Phil Kijak, FDA Cen ter for Vet er i nary Medicine, 8401
Muirkirk Rd, Lau rel, MD 20708, Tel: +1-301-827-8166,
E-mail: pkijak@cvm.fda.gov. This topic is be ing trans ferred
from Methods Com mit tee F. A multilaboratory val i da tion
study has al ready been con ducted. Kijak is re view ing data and 
writ ing the re port.

(6) Chloramphenicol in foods, LC/MS/MS con fir ma tion
meth ods: Topic Ad vi sor Jo anne M. Cook, Florida Dept. of
Ag ri cul ture & Con sumer Ser vices, 3125 Conner Blvd, Lab
#3, Tal la has see, FL 32399, E-mail: cookj@doacs.state.fl.us
There has been a lot of ac tiv ity in this topic area this past year.
A num ber of sin gle lab o ra tory val i da tions have been re ported
in the lit er a ture. A method for sea food has been val i dated in 3
lab o ra to ries, and the manu script has been ac cepted for pub li -
ca tion by J. AOAC Int. A method for honey has also been
peer-val i dated and the manu script is in prep a ra tion.

(7) Ap pli ca tion of op ti cal immunobiosensor tech nol ogy to 
screen ing/de ter mi na tion of vet er i nary drug res i dues in an i mal 
tis sues and bi o log i cal flu ids: Es tab lish ment of new topic and
ap point ment of a Topic Ad vi sor is rec om mended. Any sci en -
tist or or ga ni za tion in ter ested in par tic i pat ing in this study is
re quested to con tact the Gen eral Ref eree or AOAC IN TER -
NA TIONAL.

(8) Eval u a tion of rapid tests for screen ing drug res i dues in 
an i mal tis sues and bi o log i cal flu ids: Es tab lish ment of new
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topic and ap point ment of a Topic Ad vi sor is rec om mended.
Any sci en tist or or ga ni za tion in ter ested in par tic i pat ing in this
study is re quested to con tact the Gen eral Ref eree or AOAC
IN TER NA TIONAL.

(9) Nitrofurans in foods: Es tab lish ment of new topic and
ap point ment of a Topic Ad vi sor is rec om mended. Any sci en -
tist or or ga ni za tion in ter ested in par tic i pat ing in this study is
re quested to con tact the Gen eral Ref eree or AOAC IN TER -
NA TIONAL.

(10) Mal a chite green in fish: Es tab lish ment of new topic
and ap point ment of a Topic Ad vi sor is rec om mended. Any
sci en tist or or ga ni za tion in ter ested in par tic i pat ing in this
study is re quested to con tact the Gen eral Ref eree or AOAC
IN TER NA TIONAL.
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