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Application of Micellar Electrokinetic Capillary Chromatography
to the Analysis of Uncharged Pesticides of Environmental
Impact
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A test mixture of five pesticides and metabolites (naphthalene acetamide, carbaryl, 1-naphthol,
thiabendazole, and carbendazime) has been investigated by capillary electrophoresis with an ultraviolet
diode array detector. These compounds were separated in <10 min by micellar electrokinetic capillary
chromatography (MEKC). MEKC was performed in 30 mM ammonium chloride/ammonia buffer (pH
9.0) containing 15 mM sodium dodecyl sulfate. The lowest detection limit was obtained for the
insecticide carbaryl (0.22 ug mL~1%) and the highest for its metabolite 1-naphthol (1.13 xg mL™1). This
method was applied to the analysis of the pesticides in cultivated vegetables such as cucumbers,
which were extracted with a liquid—liquid extraction procedure, obtaining recovery percentages ranging
from 90.1 to 110.2%.
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INTRODUCTION concerns about pollution of the Earth’s hydrology systems, as

In recent years, capillary electrophoresis (CE) has become awell as thz agtrrl]cultural fgglfjs and the f.r ulllts 'and vegﬁtables b_ﬁ']ng

versatile and powerful tool for numerous types of analysis ( grown under these conditions, especially In greennouses. Thus,
_analytical techniques with a high degree of sensitivity and

4), especially for substances that are unstable at higher tem L i .
peratures. CE is a powerful microanalytical technique based Onselectlylty are needed to control the quality of the different types
of environmental and food substances (7).

electrophoretic separation in narrow capillaries. The high speed Gas chromatagraphy (8) and high-performance liquid chro-

of analysis, high resolution, and sensitivity make CE an . .
attractive technique to separate a wide range of compounds.matog_raphy@ have bee_n establl_shed for years as the techniques
Initially, only charged analytes were studied by the capillary of choice f°'F the analy§|s of pesticides. quever, these methgds
zone electrophoresis methodology (CZE5),(but the high are expensive, use high vqu_mes of toxic solvents, have high
separation efficiency of CE became accessible also for the se{)aratul)n t|me?, and mef?mfﬁ need th? de\I/:eIo?r?_went of an
separation of neutral compounds with the introduction of another tehxergpr;]gigaggnmgf%Eg;; tﬁg ar?azlys?s Z?gzrrﬁclﬁghigéls i!ssgr:i?]isr?;
mode of operation called micellar electrokinetic capillary . . - ;
P prrary in popularity. MEKC methodology has been widely used in the

chromatography (MEKC) (6). In MEKC, an ionic surfactant is - .
: ; : determination of neutral substances such as dichlorophet@)s (
added to the background electrolyte in a concentration h'gherherbicides (11-14), and fungicides (15).

than the so-called critical micelle concentration (cmc). The most The aim of thi Kis 1o d trate th licability of
commonly used surfactant, in this mode of operation, is sodium € aim of this work 1S to demonstrate the applicabrity o
MEKC to the analysis of a complex mixture of pesticides of

dodecyl sulfate (SDS), which has a fairly low cmc (8 mmol ; . . o

L1 inypure Wat(er) ;t which level the )c/;onductivityf of the uncharged nature using UV diode array detection. This is the
y ; . first paper describing the simultaneous analysis of the five

electrolyte can be kept low. Charged micelles are formed in pesticides—naphthalene acetamide (NAD), carbaryl (CAR).

the solution that migrate differently from the aqueous phase . )
and thus as a pseudostationary phase. When an electric field isl-naphthol (NAF), thlabenda_zole (TBZ)’ an_d carbendazme
(CAB)—that are used extensively in an agricultural zone in

applied, a separation can be obtained for compounds that th Spain. Al d struct

distribute differently between the micellar and aqueous phases'fr?;rizgtrjninTp;tl)lné 1 common names and structures are sum-
Pesticides are important chemicals for achieving high agri- )

cultural yields, but heavy pesticide application has raised EXPERIMENTAL PROCEDURES
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Table 1. Names and Molecular Structures for the Five Analytes under
Study

Name Estructure

H,CONHz2
Naphthalene acetamide (NAD) @@

QCONHCH;3;

Phosphate/HC1 5
Carbaryl (CAR) @@ 4

OH L 2
1-naphthol (NAF) O@

Thiabendazole (TBZ)

Glycine/NaOH

R
@:%—NHCOOCHg
N 3

Carbonate/HC1

Z 2
z%
Ly
Absorbance (228 nm)

Carbendazime (CAB)

Panreac (Montcada | Reixac, Barcelona, Spain). Sodium dodecyl sulfate
was from Sigma (St. Louis, MO), and sodium hydroxide was from 1 2
Riedel-de-Héen (Seelze, Germany).

The pesticides 1-NAF and NAD were purchased from Sigma and
CAB and TBZ from Aldrich (Madrid, Spain), whereas CAR was 3
acquired from Labor Dr. Ehrenstorfer. Tetraborate/HCI 4

Apparatus. Experiments were carried out on a Beckman P/ACE 3
System MDQ capillary electrophoresis instrument. The system consisted 1
of a 0—30 kV high-voltage built-in power supply, equipped with a 2
diode array UV—vis detector and the P/ACE System MDQ software
for system controlling and data handling. The separation capillary was
made from bare fused silica obtained from Beckman Instruments, Inc. 0 5 10
(Fullerton, CA), and had an internal diameter (i.d.) of % and an
external diameter (e.d.) of 3%Bn, with 57 cm of total lengthl(r), 50
cm of effective lengthl(p), and a detector window of 10Q 800um. Figure 1. Electropherograms of the five pesticides (5 «g mL™) in different

Electrophoretic Conditions. The capillary was conditioned prior  buffers. Operating conditions: 29 kV, 25 °C, 10 s injection, and 15 mM
to its first use by flushing with 0.5 M NaOH for 10 min, followed by ~ SDS. Peaks: (1) CAB; (2) TBZ; (3) NAD; (4) NAF; and (5) CAR.

5 min of deionized water, and finally with the background electrolyte

solution for 5 min. It is important to maintain a consistent electro- ya¢ weighed and placed into a centrifuge tube and homogenized with
phoretic flow (EOF) from run-to-run because any variation results in - 30 mi_ of acetone for 30 s using mechanical agitation by Ultra Turrax.

poor migration time precision. To prevent difficulties owing to column Then, 30 mL of dichloromethane and 30 mL of petroleum ether were

wall adsorption and to ensure a consistent EOF, the capillary was aqded to the mixture, and the homogenization was carried out for
regenerated by rinsing with 0.5 M NaOH for 2 min, with ultrapure  another 30 s. The tubes were centrifugated at 2000 rpm for 2 min. The
water for 2 min, and with fresh buffer for 2 min between runs. resulting upper organic layer was brought to dryness in a rotary

Samples were injected by hydrodynamic injection for 10's (0.5 psi). evaporator under reduced pressure and temperature ¢ 4énd the
The electrolyte and operating voltage were varied according to the residue was redissolved in 2 mL of 30 mM ammonium chloride/
experiments. Separations were carried out at a temperature € 25 ammonia and 15 mM SDS solution (pH 9)and filtered through a 0.45
with 29 kV and at a wavelength detection of 228 nm. UV detection ,m filter before the capillary electrophoresis analysis.
was performed at 228 and 200 nm simultaneously. Diode array detection  gyiraction recoveries were determined by fortifying fresh samples
was used over the range of 19600 nm to achieve spectral data. Peak afier peing chopped and homogenized (150 g) with 0.01 mg of each
identification was done by comparing both migration time and spectral analyte, so that 100% recovery would provide a concentrationuaf 5
data obtained from standards. Peak areas at 228 nm were used fof, -1n the final 2 mL of sample. The fortifying samples were left to
quantification of the analytes. rest during 1 h before application of the extraction methodology.

Stock solutions of each analyte were prepared in acetone, except
CAB was prepared itN,N-dimethylformamide (DMF), at a concentra-
tion of 1080;2] mL~%. Working sytandard solu(tions )Were prepared by RESULTS AND DISCUSSION
diluting the residue of the stock standard solutions after evaporation  The separation of the five uncharged pesticides was carried
by nitrogen in 30 mM ammonium chloride/ammonia and 15 mM SDS ;¢ using the MEKC methodology. When MEKC is employed,
solution (pH 9). The background electrolyte M/NHs and the SDS 4 is ecessary to optimize the pH because it is important that

solutions were prepared by dissolving the required amount of the . o4 te are in neutral form. In this case, the pH is also an
substances in Milli-Q water to obtain the final concentrations indicated. . . . . .
important variable because if the pH 89, carbaryl is

Preparation of Samples.Samples of cucumbers were purchased at A 3 .

the local supermarket. A liquieliquid extraction methodology (LLE) ~ hydrolyzed to its major metabolite, 1-naphthol.

(16) was applied to extract the pesticides from the samples. Different bUfferS, namely, tetraborate/HCI, Cal’bonate/HC',
A representative portion of the vegetable samples was chopped andglycine/NaOH, phosphate/HCI, and MEI/NH3z at pH 9, were

homogenized in a food chopper (Ultra Turrax). Then, a 150 g portion tested (sed-igure 1). The optimum buffer was ammonium

Migration time (min)
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Figure 2. Electropherograms of the five pesticides (5 ¢g mL™2) at different
NH,CI/NH; concentrations. Operating conditions: 29 kV, 25 °C, and 10
s injection. Experimental variables: pH 9 and 15 mM SDS. Peak numbers
are as in Figure 1.

10

chloride/ammonia because its electropherogram has a good

baseline and migration times of the analytes are short.

The ionic strength was also an important parameter for the
efficiency and resolution of the separation system. There are
many publications concerning the influence of the buffer
concentration on both electroosmotic and electrophoretic mobil-
ity in CE (17—19).

The effect of the buffer solution concentration from 10 to 50
mM on the migration time and resolution of the pesticides is
shown inFigure 2. As can be seen, although the resolution
improved with increasing buffer concentration, the operation
time became longer. Higher electrical currents would result in

high concentrations, and these should be avoided to suppress

Joule heat generation (2@1). Hence, a NKCI/NH3 buffer
concentration of 30 mM was adopted for the measurements.
The five pesticides used in this study are uncharged at pH
9.0. Therefore, it was not possible to separate them by
employing CZE. MEKC using SDS as micelles was investigated
for separating the five pesticides. The effect of the SDS
concentration from 0 to 30 mM on the migration time and
resolution of the pesticides is shown in thigure 3. When a
30 mM NH,CI/NH3 buffer with 15 mM SDS (pH 9) was used,
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Figure 3. Electropherograms of the five pesticides (5 xg mL™?) at different
SDS concentrations. Operating conditions: 29 kV, 25 °C, and 10 s
injection. Experimental variables: pH 9 and 30 mM NH,CI/NH3. Peak
numbers are as in Figure 1.
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Figure 4. Electropherograms of the five pesticides (5 g mL™) at different
voltages. Operating conditions: 25 °C and 10 s injection. Experimental
variables: pH 9, 30 mM NH,4CI/NH3, and 15 mM SDS. Peak numbers
are as in Figure 1.

expected, when the voltage was increased from 20 to 29 kV, in

general, the migration time of all the analytes decreased as well
as the resolution between the peaks. However, the highest value
used, 29 kV, provided a very good analysis time and reasonable

baseline separation of the uncharged pesticides was optimizedresolution between peaks of the analytes under study. Therefore,

The electric field applied across the capillary had to be chosen
carefully to minimize band broadening effects. The electric field
is defined as the applied voltage divided by the total capillary
length. Both the electrophoretic migration velocity and elec-
troosmotic flow velocity are directly proportional to the electric
field. Highest field strengths would bring about the shortest
analysis times, but Joule heat production could limit the
application of high field strengths. The influence of the applied
voltage on the separation is summarized Figure 4. As

this value that corresponds to a current value ofu@6was
employed in all of these studies.

Calibration graphs were obtained using liquid standards
containing 2—10ug mL™! of the pesticides, to check the
reliability of the method. Each point of the calibration graph
corresponds to the mean value obtained from three independent
area measurements. These calibration graphs showed a good
correlation between peak areas and pesticide concentrations, with
regression coefficients of 0.99 in all cases.
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Table 2. Analytical Parameters of the Proposed Method Table 3. Recovery Values (R) and Relative Standard Deviations
(RSD) of Pesticides in Cucumber Samples

CAB TBZ NAD NAF CAR

linear range (ug mL~Y) 24-10 07-10 27-10 38-10 0.7-10 pesticide R (%) RSD (%)
detection limit (ug mL~1) 0.7 0.2 0.8 11 0.2 CAB 110.2 6.7
quantification limit (ug mL™Y) 2.4 0.7 27 3.8 0.7 TBZ 91.7 7.0
RSD (%) NAD 98.9 6.3
2ugmL—t 112 33 118 15.1 35 NAF 90.1 9.5
4ugmL—t 47 1.6 6.0 8.1 16 CAR 103.0 6.5
6ugmLt 3.4 1.0 3.8 55 1.0
8ugmLt 2.6 0.8 3.0 4.2 0.8
10 g mLt 22 0.7 26 35 07

adding 10uL of a solution of 1000 mg L* of each pesticide
over 150 g of cucumber, and the extraction procedure was

The limits of detection (LOD) and quantitation (LOQ) were 2aPplied. One hundred percent recovery would result in a
calculated from the experiments carried out by Cuadros et al. concentration of fg mL™* in the final 2 mL of prepared
(22) and were below 1.1 and 38 mL", respectively, for the ~ Sample.
different analytes under study. Linear ranges of the calibration ~ An electropherogram of a fortified cucumber sample is shown
curves were studied by a series of injections of standard mixturesin Figure 5. An electropherogram of the cucumber sample
containing different concentrations of pesticides. The different before fortification was recorded, but no peaks were obtained.
performance parameters for the five pesticides under study areThe recovery values obtained for seven samples can be observed
summarized irfrable 2. in Table 3.
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