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Abstract

Supported liquid membrane (SLM) and solid phase extraction (SPE) have been applied as clean-up and/or enrichment techniques for a mixtu
five benzimidazole anthelmintics compounds, namely albendazole, fenbendazole, mebendazole, oxibendazole, and thiabendazole. Two biolc
matrices, mainly urine and milk, and ultra high purity (UHP) water were spiked with a mixture of these five compounds. Wat&rdOxXsis
and International Sorbent Technology (IST) HCX SPE sorbents were used. The liquid membrane used for clean-up and/or enrichment of th
compounds was 5% tri-n-octylphosphine oxide (TOPO) dissolvediindecane/di-n-hexyl ether (1:1). The SLM extraction efficiencies and SPE
percentage recoveries ranged between 60 and 100%. The detection limits (DLs) for different benzimidazole compounds by SPE/LC-ES-MS
thiabendazole, oxibendazole, and albendazole was 0.1 ng/L, for fenbendazole and mebendazole was 1 and 10 ng/L, respectively. Similarly
detection limits of SLM/LC-ES-MS for thiabendazole, oxibendazole, and albendazole was 0.1 ng/L and for fenbendazole and mebendazole
1ng/L. The results of optimization of various parameters of the SLM method are reported.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction nent(s) of interest such that direct analysis may not be possible

[1-3]. Therefore, sample preparation is without doubt a prereg-

Sampling and sample preparation is one of the mostimportantisite step to most analytical procedures.

aspects of the analytical science procedures. About 60-80% of Benzimidazole anthelmintic drugs are commonly used in the
the work activity and operating cost in an analytical chemistryveterinary practices to treat gastro-intestinal infections and also
laboratory is spent in preparing samples for introduction intdfor animal fattening purposé4—6]. However, their use in worm
analytical system or instrument of detectidr-3]. The impor-  treatment in animals, for example, is mostly through multi-
tance of sample preparation in analytical analyses can never lsemponent dosage forms containing combination of well estab-
over estimated. Frequently, it has been observed that, the comp@shed cocktail of anthelmintidgd—6]. Generally, the presence of
nent(s) of interest is/are in many cases presentin trace levels talug residues can be detected in various target organs/tissues, for
low to be detected easily by many analytical systems and instriexample, liver, kidney, fat, skin, milk, eggs, and blood; or in the
ments hence, the need to preconcenfa®. In most cases the metabolic by-products, such as, urine, faeces, bile, and $leat
analytes are present in either biological or environmental matriThe European Union (EU) has regulated the maximum residue
ces that are too complex and often contain interfering elementamits (MRLs) for some of these compounds, ranging from 0.010
which can mask or interfere with the analysis of the compo-to 1.00u.g/L depending onthe compound of interest and the type

of food (type of tissuej6—8].

Solid phase extraction (SPE) is commonly used as a sam-
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E-mail address: Nindimm@mopipi.ub.bw (M.M. Nindi). dures[5—7]. However, the use of supported liquid membrane

0039-9140/$ — see front matter © 2005 Elsevier B.V. All rights reserved.
doi:10.1016/j.talanta.2005.10.002



244 T.A.M. Msagati, M.M. Nindi / Talanta 69 (2006) 243-250

Table 1
The structures and molecular weights of benzimidazole anthelmintics under this study
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(SLM) technigue as clean-up and/or enrichment technique forequires derivatisation of the compounds prior to detection. This
anthelmintic compounds is limited. Recently, we demonstrate@dditional step is time consuming as well as labour intensive.
the potential of SLM as sample preparation techniques for ber-lPLC method, on the other hand, is direct and the analytes can
zimidazole anthelmintic compound8]. Several other sample be analyzed in the same matrix without the need for derivati-
preparation techniques have been reported for the analysis sétion. LC—-MS has the potential to be the most useful multi-
one or more benzimidazole anthelmintic compounds in a variresidue method of analysis for a variety of compounds. When
ety of matriced10-14]. There are several methods of analysis C—MS is combined with the sample preparation and/or clean-
thatincorporated sample preparation and/or clean-up techniqueg technique the sensitivity is extended at least two orders of
that have been reported in the literature. Many of these methodsagnitude.

involve some form of separation such as gas chromatography A comparative study of SPE and SLM enrichment of a
(GC), and high pressure liquid chromatography (HPLC) using dive anthelmintic compounds mixture in water, urine, and milk
variety of detectors. Mass spectrometry is the most sensitive artllomatrices is presented in this study. LC-ES—MS was used as
selective detectors used for GC and HPLC. However, GC—M&n analytical method.
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2. Experimental Table 2
Procedure for solid phase extraction (SPE) of anthelmintics compounds
2.1. Standards and chemicals Step# Procedure IST HCX (mL) Waters Oasf®
MCX (mL)
The benzimidazole anthelmintics (albendazole, fenbendaz Condition with 15 0.75
zole, mebendazole, oxibendazole, and thiabendazole), tri-n- acetonitrile/acetic
octylphosphine oxide (TOPO)-undecane, and ammonium acid (95:5)
hydroxide used were from Sigma (St. Louis, USA). Bi- 2 Application of sample 6.0 3.0
hexylether (99%) was from Aldrich (Steinheim, Germany), sul- 'r:;r/]"a]:gr“c acidin
phuric acid (99%), sodium hydroxide pellets (98%), sodiumg Acetone wash of the 15 0.75
bicarbonate (98%), and acetic acid were from Saarchem cartridge
(Krugerdorp, South Africa). Formic acid was purchased from# Methanol wash of 3.0 15
N.T. Laboratory Supplies (Johannesburg, South Africa). HPLC cartridge
grade methanol and acetonitrile were from BDH Laboratory5 g‘;ﬁ:&gg"e wash of 3.0 13
(Poole, UK) and ethyl acetate was from LAB-SCAN (Stillorgan, g Elution of analytes 3.0 15
Dublin, Ireland). Ultra high purity (UHP) water was processed with
through a Millipore Quantum Ultrapure lonex Gradient A10 acetonitrile +29.3%
purification system (Millipore, Molsheim, France). The aque- agueous ammonium

ous solvents were filtered through cellulose nitrate membrane
with 0.45um pore size and 47 mm diameter while the organic )
solvents were filtered through 0.4%n organic membrane fil- ©7 SPE clean-up. In all cases, blank samples were prepared in
ter, type HVLP, Millipore (Dublin, Ireland). The structures and €2Ch biomatrix in the same way without spiking.
molecular weights including the CAS numbers of the benzimi-
dazole anthelmintic compounds studied are showfaisie 1. 2-4. Solid phase extraction of benzimidazole anthelmintic
mixtures
2.2. Stock solutions and preparation of working standards
A 12 port model Visiprep solid phase extraction vacuum

Stock solutions for a mixture of all benzimidazole Manifolds from Supelco (Bellefonte, USA) was used for the
anthelmintics were dissolved in methanol/water (1:1) containextraction. This consisted of Visiprep large volume sampler
ing 5% formic acid to make a stock solution of 1000 mg/L. Thetubes, which enabled transfer of samples directly from sam-
working standards were each prepared by diluting with watePle container to the solid extraction tubes and a Visiprep SPE
the 1000 mg/L master standards to the required volume of théacuum manifold. Two types of SPE cartridges were used for
stock solution to make appropriate concentrations. The solutior@Mmple preparation, mainly International Sorbent Technology
mixtures of benzimidazole anthelmintics were prepared by dilut{IST), Isolute HCX 130mg, 6 mL cartridges (Midglamorgan,
ing the 1000 mg/L master standards by UHP water, urine, an¥/K), and Waters OaslsMCX, 60 mg, 3 mL cartridges (Mas-
milk, respectively. The spiked mixtures were stored @ 4intili ~ sachusetts, USA). The cartridges conditioning, application of

needed. analyte, washing and elution are givenTable 2for two types

of SPE. For extraction procedure modification of the method
2.3. Sample preparation of anthelmintics mixtures in water, given by Waters OaslsMCX manufacturers’ extraction prod-
urine, and milk ucts instruction sheet and Rd4€] was used. The analytes were

eluted with a mixture of acetonitrile and 29.3% aqueous ammo-

A 1.5mL of milk, urine or UHP water was transferred into nium (95:5) into a testtube, 3 mL for HCX and 1.5 mL for MCX.
15 mL centrifuge tubes and then spiked with appropriate volume
to make solutions between 0.01 ng/L anddlL concentration 2.5. Enrichment of benzimidazole anthelmintics by SLM
levels[9,10]. Four milliliters of acetonitrile was added and the
contents shaken for 15min, and then centrifuged for 5min at The membrane solvent was prepared by dissolving 5% TOPO
1800 rpm. The supernatant solution was transferred into anoth@r n-undecane + di-n-hexylether (1:1). When the TOPO was
tubes containing 1.5 mL of-octane, and further ultrasonicated completely dissolved, a Millipore filter, FG type with a pore
for 15 min and then centrifuged for 5min at 1800 rpm. The topsize of 0.2um made of Teflon was immersed into the liquid
layer was discarded and the tubes contents were mixed wittmnembrane. The membrane was immersed for 24 min into mem-
5mL ethyl acetate and centrifuged for 5min at 1800 rpm. Thebrane solvent, turning its side every 12 min. The impregnated
separated upper aqueous layer was removed followed by addirembrane was placed between the two PVDF blocks, with the
tion of 3mL of 0.1 M phosphate (KEHPOy) buffer (~pH 10)  rough side of the membrane facing the donor side and the whole
and the resulting solutions were shaken and then centrifuged faonstruction was clamped together tightly and evenly with six
5 min at 1800 rpm. The bottom organic layer from each tube wascrews. The donor (feed) and the acceptor (receiving/stripping)
transferred into another tube and was evaporated with nitrogechannels of the SLM unit, were separated from each other by
The residue was dissolved in appropriate solvent for either SLM: liquid membrangl15]. After installation of the impregnated
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Table 3 ing of the separation components was made either by ES—-MS
Gradient elution for five benzimidazole anthelmintic compounds or UV—vis at 296 nm.
Time (min) Flow rate (uL/min) A B

0 150 20 80 2.7. LC-ES-SIM-MS

6 150 20 80
10 150 40 60 The compounds were separated on a shgre@ersed-phase
11 130 50 50  microbore column with acetic acid in acetonitrile/water as spec-
;g 128 28 ig ified above and detected with the electrospray ion trap mass

spectrometer. Acetic acid was added into the acetonitrile/water
A=25mM acetic acid in acetonitrilg = 25 mM acetic acid in water. mobile phase to assist the formation of the charged droplets and
hence produce protonated molecular ions.

liquid membrane in the separator, both channels were flashed

with UHP water to remove excess of the organic solvent frord. Results and discussion

the surface of the membrane. Two peristaltic pumps Minipuls 3,

Gilson (Villiers-Le-Bel, France) were used to control the flow 3-1. Extraction from the matrices

rates of the donor and acceptor phases independently. The tubes

used for pumping solutions were acid-resistant (acid-flexible), Benzimidazole anthelmintics are known to possess basic
Elkay Products (Shrewsbury, MA, USA) with an internal diam- hydrophobic character and thereby are soluble in polar organic
eter of 1.2 mm for the donor and 0.60 mm for the acceptor. Th&olvents. This property was exploited during the extraction from

various parts of the flow system were connected with 0.5 mn#irine, milk, and water, where ethyl acetate was used to recover
internal diameter PTFE tubing and Alex screws fittings. Thethese drugs from types of matrici®s10].

sample and buffer in the donor stream were emerging in a PTFE

tee connection and then mixed in a coil (1.0e0.5mm i.d.  3.2. Sample preparation for benzimidazole anthelmintics in

coiled tubing) before entering the donor channel of the membiomatrices

brane device. The donor buffer used was NaOH/Nakl&pH
9.60[9]. 3.2.1. SPE enrichment and/or clean-up

The chemical similarities between benzimidazole anthel-
mintics were exploited during clean-up and/or enrichment using
two types of the solid phase extraction sorbents. These con-
sisted of (i) Waters OastlsMCX sorbent, this type of sorbent

A ThermoQuest HPLC system with DAD detector quater-is classified as a mixed mode, it features two retention mecha-

nary pump system, thermostated column compartment, and 6{}i]sm mainly strong cation exchange and reversed-phase and (ii)
auto-sampler (Finnigan, San Jose, USA), coupled to Thermdsolute HCXis a strong cation exchange. The most attractive fea-

Quest LCQ Quadrupole ion trap mass spectrometry (Finm'gures of the Waters Oa$isMICX are its hydrophilic-lipophilic-

gan, San Jose, USA) were used for the detection of all Se‘Fp_alanced composition that is responsible for both strong

arated benzimidazole anthelmintic compounds. Separation (5§aversed—phase retention and water-wetability. In addition, these
the anthelmintic compounds was by gradient elution. Thesorbents are stable from pH 1 to 14 due to the use of pH wash

components of the mixture were all separated within 20 mirpYStems, Which glso allows optimization of th(_a mgthod as well
using the given conditions (Table 3). A shorter elution time®S high selectivity for the analyte. Hence, minimize the need

could be achieved by increasing the organic component of t:g adjust the pH to limited pH ranges. On the other hand,

mobile phase (Table 4), i.e. less than 10 min. The mobile phasg® Isolute HCX car'gridges are IST st_yrene—diviny_lbenzene
composition wasA = 75% acetonitrile + 25% of 25 mM acetic based on strong cation exchange resins that retain charged

acid in water:B = 75% of 25mM acetic acid in water + 25% ©F potentially charged compounds from a primarily aqueous
acetonitrile (Table 4). Waters XTeffaCg microbore column matrix and which contains sulfonic acid cation exchanger
50mmx 2.1 mm and patrticle size of 3gm, at a flow rate of in the _hydrogen _fqrm. This property appeare_d to hz_:lve_: been
150pL/min was used for all separations. Ten microliters of theessent|al for retaining the basic and amphoteric benzimidazole

anthelmintics was injected into the analytical column. Monitor_com.pounds. ) !
Figs. 1 and Zhow a comparative study of the recovery effi-

ciencies of benzimidazole anthelmintics between the two types
of SPE cartridges from water and milk. The dat&ig. 1shows
that both Isolute HCX and Waters Od3iMCX reached their

2.6. HPLC separation of benzimidazole anthelmintic
compounds

Table 4
Gradient elution for five benzimidazole anthelmintic compounds

Time (min) Flow rate (p.L/min) A B breakthrough volumes at about 1000 mL. At lower volume, i.e.
0.00 150 0 100 from 25 to 500 mL, the Isolute HCX cartridges displayed higher
5.00 150 100 0 percentage recovery, but for a volume greater than 500 mL,

12.00 150 100 0 higher recoveries were obtained with Waters GA$iKCX car-

A =75% acetonitrile + 25% acetic acid in watBr= 75% of 25 mM acetic acid  tridges. It should be noted that the mass of the sorbent material
in water + 25% acetonitrile. for Isolute HCX (130 mg, 6 mL) is more than twice as much as
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Fig. 1. Mean% recoveries for 1.0ng/L concentration of benzimidazole
anthelmintic mixture in water, with variation of percolated sample volume in
the sorbents; =5.

that of Waters OasfSMCX (60 mg, 3 mL) cartridges. Therefore,

itis expected that the recovery should increase when IST HCX is

used in comparison with Waters O&SBICX cartridges, espe- Fig. 3. Optimization of enrichment time using di-n-hexyletherundecane
C|a||y when smaller Samp|e volume is perco]ated_ However, thél:1)+5% TOPO membrane in SLM extraction of benzimidazole with

Waters Oasf8 MCX sorbents displayed greater capacity espe-C/UV-Vis detection.

cially when larger volume were percolated probably dug to th‘?:mdecane/di—n—hexylether (1:1). The first four membranes were
fapt that, the sorb_ent material is made up of smaller particle SizGnsuccessful with regard to efficient recovering of investi-
with larger pore diameters which enableq hlghersampleloadmgated compounds from biological matrix. Membrane (i) and
speed. Waters Oa8isdCX sorbent used in this work has parti (i) only successfully recovered thiabendazole, membrane (iii)

cle sizes O.f 3(um in comparison V\./ith 5pm observ_e_d for IST only oxibendazole and membrane (iv) thiabendazole and to
HCX cartridges. The Waters Oa8i81CX had specific surface lesser extent albendazole Membrane (v), 5% TOPO in (1:1)

are;ja of 8101f/g indc.omparisofn;svc\gth o221 F'(’;g fo&r_‘);iS'l'f ﬂ(c:;)(( undecane/di-n-hexylether was found to be the best membrane
and average pore diameter o ompared to 0 as all the compounds of interest were successfully recovered

sorbents. It should be, noted also that, the percolation time Wag, high extraction efficiencies in comparison to other mem-
not the same for the different volumes percolated. The Iargerthsranes. The presence of lone pairs of electrons on the oxygen

volume the longer it took tq elute the sa_mple. S|m||a|_2|3g. 2_ atom in TOPO has been proposed to be responsible for the
shows the trend observedFg. 1‘Th9 optimum extraction effi- high efficiencies due to chelation formed with the molecules
clency was observe_d at conqentrgﬂon_of O.QQL for all the of the analyteg16]. Both acceptor and donor channels of the
compounds from milk and urine biological matrices. SLM were optimized to achieve optimal efficienci8$ Fig. 3
shows the optimization of enrichment time using optimal pH

3.3. SLM clean-up and enrichment of acceptor and donor conditions. The trend observed is due to

o ] the increasing enrichment factor with respect to time. However,
~Several membrane liquids were tested in an attempt tghe increase reaches an optimal at about 60 min before it starts
identify the best trapping supported liquid membrane, mainly;, jecrease. The reason for this behaviour is not clear, but we
(i) hexylamine; (i) n-undecane; (iii) di-n-hexylether; (iv) pelieve that the decrease might be due to the equilibrium that is
n-undecane/di-n-hexylether (1:1); and (v) 5% TOPO#N  ggiaplished after the saturation of the stagnant aqueous acceptor
solution. This may bring about back extraction into the donor
side of the membrane.

I
S

3.4. Comparison of SPE and SLM enrichment and/or
clean-up

o ® o
2 & 8
’ ! ;
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Fig. 4, shows a comparison between the two types of SPE
cartridges and SLM in the extraction of the five benzimida-
zole anthelmintics compounds from water. The results show that
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00001 0001 001 | 0.1 | 1 100 1000 there is no significant difference between these two techniques,
Concentration (ug/L) except that different individual compounds performed differ-

e X e D bendsole X ently when applied in these two techniques. Mebendazole, for

=F MCX mn e (CX example, extraction by the two SPE was noticeably lowest than

Fig. 2. Comparison of MCX and HCX sorbents in the extraction of anthelminticsthe other five compounds. While as in SLM these compounds
mixture spiked in milkn=5. extracted as well as the other compounds.
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Fig. 4. Comparison of SLM with MCX and HCX sorbents in the extraction
efficiency of anthelmintics mixture spiked in water samples5.

3.5. LC-ES-SIM-MS

The compounds were separated on a shgre@ersed-phase

separation method using a shorter column was also developed
using a gradient given iable 4, the compounds were eluted
within 17 min using this method. The last four compounds
were not as well resolved from each other as was observed in
Fig. 5. Separation of the 0.01 ng/L concentration of benzimida-
zole anthelmintics mixture from milk that had been processed
through SLM (results not shown). Similarly, the same concentra-
tion was processed by SPE and the results were not significantly
different (Figure not shown).

3.6. Linearity and linear range in the extraction of
benzimidazole anthelmintics

Linearity was determined for membrane solvent (v) at differ-
ent concentration levels between 0.1 ng/L and 1 mg/L mixture
of benzimidazoles at constant enrichment time of 1h. Lin-
earity was determined for each membrane at different con-
centration level in five replicates. Similarly, for SPE each
concentration level was processed with a different (new) car-
tridge. Correlation coefficients of the order 0.99 and 0.94-0.99
were achieved for SLM and SPE, respectively. Linear range

microbore column and detected with the electrospray ion trapf the order of 1 ng/L-0.0fg/L for thiabendazole, oxiben-

mass spectrometdfig. 5shows a typical separation of a mix-
ture of benzimidazole anthelmintics with g Terra® column.

dazole, and albendazole; 0.1ng/L—1mg/L for fenbendazole
and 1p.g/L—-1 mg/L for mebendazole were achieved for Waters

The five compounds in the mixture were well resolved fromOasi€ MCX sorbents. On the other hand, SLM linear relation-
each other and the separation was achieved within 21 min. Ahip of 0.03ug/L—1 mg/L for oxibendazole, albendazole, and

Fig. 5. SLM-LC-ES-SIM-MS for a 1 mg/L mixture of benzimidazole anthelmintics spiked in urine matrix and separated accdralie 3o column = XTerf&

150 mmx 2.1 mmx 3.5pum.
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(Tei‘)t)llr?trs)a-day method validation for samples spiked at{i@@.2 and (b) inter-day method validation for samples spiked ati§0°
Series from same day Thiabendazole S.D. Oxibendazole S.D. Mebendazole S.D. Albendazole S.D. Fenbendazole S.
Megn% recoveries

2w % e 2 w0 3w 2

1:2:: i 8875.3 L2 66257 16 52211.7 1.0 626.(?.9 1.8 Gzégg 11

mee o ES e BT B3 a2 e 82

Series from 6 days Thiabendazole S.D. Oxibendazole S.D. Mebendazole S.D. Albendazole S.D. Fenbendazole S.L

Mean% recoveries

Day 1 87.2 64.1 58.1 63.5 65.8
Day 2 85.1 15 674 23 556 18 402 23 g2 25
Day 3 89.2 63.8 53.4 62.9 64.6
Day 4 86.6 18 412 18 573 28 597 23 613 23
Day 5 84.2 65.7 54.1 64.2 63.7
Day 6 87.4 23 635 16 576 25 608 24 614 1.6

2 The blank samples were analyzed each time and were found negative throughout. S.D. = standard deviation = repeatability.
b The blank samples were analyzed each day and were found negative throughout. NB: S.D. = standard deviation = reproducibility.

thiabendazole; 0.Lg/L—1 mg/L for fenbendazole and meben- 4.1. Detection limits (DLs)
dazole were also achieved.
Detection limits, were calculated as the analyte concentra-
4. Method validation tion giving a signal equal to the blank signakfyplus three
standard deviations (far=5) of the blank (), that is,yg + 3sg

To validate the method developed, bovine liver tissue wa$l7]. When SPE was used to enrich these compounds the DL
spiked with a mixture of benzimidazole anthelmintic standard$btained for urine spiked samples were 0.1 ng/L for thiaben-
of known concentrations ranging from l’]lg/kg to ]_mg/kg dazole, oxibendazole and albendazole, 1ng/L for fenbenda-
to verify the absence of benzimidazole anthelmintic residueszole and 10ng/L for mebendazole. For milk spiked samples,
Batches of spiked samples together with the blank control santihe detection limits were-2 ng/L for thiabendazole, oxibenda-
p|es were ana|yzed and checked for repea’[abi“ty (intra-da?O'G, and albendazole, 4 ng/L for fenbendazole and 18 ng/L for
variation) and reproducibility (inter-day variation) for six sep- mebendazole. Whereas for SLM the DL obtained from urine
arate days_ Four sets of samp|es and one blank were prepar@@iked samples was 0.1 ng/L for oxibendazole, thiabendazole,
and from each five replicates were extracted by both SLM an@nd albendazole and 1ng/L for fenbendazole and mebenda-
SPE and determined using LC—-ES-MS. The results for interzole. For kidney and liver tissues the DL values were 1 ng/kg
and intra_assay recoveries and precision are showalite 5a for oxibendazole, thiabendazole, and albendazole, 2 ng/kg for
and b. The values of standard deviations (S.D.) obtained folenbendazole and 7 ng/kg for mebendazole. The DL values for
within intra-day recoveries ranged between 1.0 and 1.8. Th&ilk spiked samples were 2ng/L for thiabendazole, oxibenda-
standard deviation values for within same day measuremen&$le, and albendazole; 3 ng/L for fenbendazole and 17 ng/L for
gives the measure of repeatability of the results obtained. On tH&€bendazole. In both cases LC-ES-MS was used as a detection
other hand, the standard deviation values for inter-day recoveri¢gethod.
ranged between 1.5 and 2.5. This refers to the reproducibility of The detection limits obtained in this work are far below
the results obtained. In all cases, the results show good repeatfe maximum residual limits as stipulated by the European
bility and reproducibility and that blank samples tested negativéJnion (Table 6)[18]. DL values reported by other researchers

throughout. [19-23] range between 0.05 and A@/L whereas in this
Table 6

Maximum residual limits (MRLsy.g/kg) for benzimidazole anthelmintics as stipulated by the European Jt@)n

Marker residue, pharmacol. active subst. and animal sp. Milk Muscle Liver Kidney Fat
Oxibendazole (cattle, swine, chicken) 100 100 100 100
Mebendazole (cattle, chicken) 50

Albendazole (cattle, chicken) 100 100 1000 500 100
Thiabendazole (cattle, chicken) 100 100 100 100 100

Fenbendazole 10 10 10 10 10
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work the DL values are of one order of magnitude lowerAppendix A. Supplementary data
as compared to the previous reported values. This demon-
strates that the method developed can be a better alternative Supplementary data associated with this article can be found,
for routine monitoring of these compounds in the matricesn the online version, aloi:10.1016/j.talanta.2005.10.002.
studied.
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