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Abstract

In this work, the combined use of solid-phase extraction (SPE) and on-line preconcentration strategies as normal stacking mode (NSM) and
stacking with matrix removal (SWMR) for the ultrasensitive and simultaneous capillary electrophoresis-ultraviolet analysis (CE-UV) of five
triazolopyrimidine sulfonanilide pesticides (i.e., diclosulam, cloransulam-methyl, flumetsulam, metosulam and florasulam) in different types
of water is investigated. An adequate separation electrolyte for the separation and stacking of these pesticides was obtained, considering alsc
its compatibility with MS detection, which consisted of 24 mM formic acid and 16 mM ammonium carbonate at pH 6.4. It was observed that
the use of this running buffer together with the SWMR preconcentration method provided the best results in terms of sensitivity (between
6.54 and 11.9.g/L) and peak efficiency (up to 550 000 theoretical plates per meter, NTP/m). When this on-line preconcentration procedure
was combined with an off-line sample preconcentration step as SPE ugjrogu@idges, the selected herbicides could be detected in the
ng/L range. The optimized SPE-SWMR-CE-UV method was applied to the determination of the selected group of pesticides in spiked and
non-spiked mineral and stagnant waters. Recoveries ranged between 55 and 110% and limits of detection between 131 and 342 ng/L. This
work shows the great possibilities of the combined use of SPE-SWMR-CE-UV to overcome the sensitivity problems usually linked to CE
analysis.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction with the developing crop. However, many of these herbicides
still show residual activity in the soil, and therefore, they can
Pesticides are nowadays among the priority pollutants to control late-germination weeds. These types of herbicides to-
be monitored in a wide variety of matrices because their gether with pre-emergent ones are mostly applied to soils or
residue incorporation into waters, soils and crops may repre-sprayed over crops and, as a result of their large production
sent a serious hazard to human health. Several pesticides caand high stability, they can enter as pollutants into rivers,
be used as herbicides, plaguicides, fungicides, etc. Certainstreams or lakes directly from drainage of agricultural lands.
herbicides are post-emergence products, which are foliage-Less than 0.1% of applied pesticides actually reach the tar-
applied to control weeds that have emerged in competition geted pests, while the rest (99.9%) has the potential to move
into other parts of the environment, including ground and sur-
* Corresponding author. Tel.: +34 922 318046; fax: +34 922 318003.  face waterg1]. Since water is the primary stream in which
E-mail addressmrguez@ull.es (MA. Rodiiguez-Delgado). pesticides are transported, the need for monitoring herbicides

0021-9673/$ — see front matter © 2005 Elsevier B.V. All rights reserved.
doi:10.1016/j.chroma.2005.02.053



172 J. Herrdndez-Borges et al. / J. Chromatogr. A 1070 (2005) 171-177

in natural waters is essential for achieving good water qual-  Due to their polar nature and ionic character, triazolopy-
ity. Moreover, in most European countries and in the USA, rimidine sulfoanilide pesticides are suitable for their de-
groundwater is the major source of drinking we&r. termination by capillary electrophoresis. In this work, we
Triazolopyrimidine sulfonanilide herbicides include propose the simultaneous determination of five triazolopy-
cloransulam-methyl, metosulam, flumetsulam, florasulam rimidine sulfonanilide herbicides (diclosulam, cloransulam-
and diclosulam[3], which are frequently used as pre- methyl, flumetsulam, metosulam and florasulam)—three of
emergence and/or post-emergence herbicides in soybeanghem EPA registered—in water samples using a combination
peanuts, etc. in different countries. Its mode of action of on-line preconcentration strategies and an off-line precon-
is through the inhibition of acetolactate synthase (ALS). centration procedure as solid-phase extraction (SPE). To our
Cloransulam-methyl, for example, is a broadspectrum her- knowledge, this is the first time that this group of pesticides
bicide, applied to the soil surface or incorporated in pre- is simultaneously determined in water by SPE-CE-UV.
emergence and post-emergence in soybeans to control
broadleaf weed$4]. This herbicide, together with diclo-
sulam and flumetsulam, which has been detected in Mid- 2. Experimental
western US river§s,6], is frequently used in US and, there-
fore, registered by the US Environmental Protection Agency 2.1. Chemicals and samples
(EPA)[7]. Cloransulam-methyl is likely of slight persistence
in the surface, but more persistent when leached into the All chemicals were of analytical reagent grade and used
subsurface. Florasulam, however, is also registered by theas received. Ammonium acetate, ammonium carbonate, am-
European Union (EUB], which recommends paying partic- monium hydroxide, acetic acid and formic acid from Merck
ular attention to the potential of groundwater contamination (Darmstadt, Germany) were tested as CE running buffers
when florasulam is applied in regions with vulnerable soils at different concentrations. Acetonitrile (HPLC-grade) was
and/or specific climatic conditions. Metosulam, indeed, is from Merck (Darmstadt, Germany). Distilled water was
registered and used in several countries around the world.deionized by using a Milli-Q gradient system A10 (Milli-
To our knowledge, there is not an EPA-method allow- pore, Bedford, MA, USA).
ing the simultaneous determination of these pesticides in  Cloransulam-methyl (methyl 3-chloro{¢5-ethoxy-7-
waters. fluoro[1,2,4]triazolo[1,5e]pyrimidin-2-yl)sulfonyllaming
The continuous monitoring of pesticides residues in envi- benzoate), diclosulafiN-(2,6-dichlorophenyl)-5-ethoxy-7-
ronmental samples is of great importance and demands highfluoro[1,2,4]triazolo[1,5¢]pyrimidine-2-sulfonamidg, flor-
efficiency, selectivity and sensitivity techniques. In this sense, asulam {N-(2,6-difluorophenyl)-8-fluoro-5-methoxy[1,2,4]
capillary electrophoresis (CE) is increasingly gaining impor- triazolo[1,5€]pyrimidine-2-sulfonamidg, flumetsulam{N-
tance in pesticide analys[8] and represents an attractive (2,6-difluorophenyl)-5-methyl[1,2,4]triazolo[1&pyrimi-
alternative technique for their determinatift®,11] How- dine-2-sulfonamidg and metosulam{N-(2,6-dichloro-3-
ever, it is hindered by the short optical path length defined methylphenyl)-5,7-dimethoxy[1,2,4]triazolo[1dpyrimi-
by the column diameter, which yields in a low detection sen- dine-2-sulfonamidg obtained from Dr. Ehrenstorfer GmbH
sitivity (normally in the mg/L range). To improve these low (CYMIT QUIMICA, Barcelona, Spain) were used without
limits of detection (LODs) several on-line preconcentration further purification.Table 1shows the chemical structures
strategies have been develogéa,13] One of these tech- of these compounds as well as some of their chemical
niques is called normal stacking mode (NSM) and consists and toxicological properties. Standard solutions of each
in the injection of a high amount of sample with lower con- pesticide were prepared in acetonitrile and kept in the
ductivity than that of the separation buffer. Besides, another dark under refrigeration at . Working mixtures of
on-line preconcentration strategy called stacking with matrix pertinent concentrations were prepared daily by appropriate
removal (SWMR) has also proven to be effective. In this case, combination and dilution with acetonitrile.
the capillary is filled with the sample previously dissolved in Mineral water samples purchased from a local supermar-
low conductivity matrix. For the analysis of anionic species, ket and stagnant water rich in organic matter from a local
once the sample is introduced in the capillary, voltage is ap- deposit were spiked at different levels of concentrations (see
plied (inversed polarity) and the matrix is removed from the below) and stored at room temperature for 3 h. Afterwards,
sample by the EOF, concentrating anionic analytes towardssamples were subjected to the SPE procedure as indicated
the anode. When the matrix has been mostly removed (the in-under Sectior2.3.
tensity of the current is approximately 97-99% of that of the
buffer) polarity is inverted and the separation takes place. The2.2. Capillary electrophoresis-UV conditions
use of this method for the analysis of cationic species requires
an anodal EOF that can be achieved by modifying the capil- CE-UV analyses were performed in a PACE/5510 CE ap-
lary wall with a suitable cationic surfactant. This technique paratus (Beckman, Fullerton, CA, USA) equipped with a
has been recently applied for the on-line preconcentration of DAD detector working at 205 nm. System Gold Software was
several pesticidgd 4-16] used for CE instrument control. Bare fused silica capillaries
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Table 1
Chemical and toxicological properties of the selected herbicides
Pesticide Formula K2 My MRLP Application Source

COCH, OCHLH,
Cloransulam-methyl Q NHSO {,J N 4.81 429.8 0.02-0.1  Soybean, foliage, hay or seed EPA regigigred

2 — P>
N
Cl
| QCH,CH,
Diclosulam NHSO _{/\l A 4.00 406.2  0.02 Soybean seed, peanut nutmeat EPA regifiéred
2 N — /

Cl

Florasulam ;\l NTT 4.54 359.3 0.01-0.1  Cereals, fruits, pulses, oil seeds EU regig&3red
HSO;~ ,J\Kt
N Z
F

F

Flumetsulam NN 4.60 3253 0.05 Corn, field, grain, forage and  EPA registered7]
NHSO, —¢
a2l soybean
N™"N" CH,
F
C'{'a a OCHj;
Metosulam _<'/“ N 4.80 4183 - Cereals Registered in several
NHSO, =l countries

Z
N "N 7 TocH,
cl

@ Obtained fron{3].
b MRL, maximum residue limit (ppm); the authorized MRL values depend on the sample and country.

with 50m i.d. were purchased from Composite Metal Ser- Cig Cartridge) from Waters (Milford, MA, USA) previously
vices (Worcester, UK). The detection length was 50 cm and activated by flushing with 5 mL acetonitrile followed by 2 mL
the total length 57 cm. Unless otherwise indicated (SWMR) of 0.01 M hydrochloric acid. After loading the sample into
injections were made at the anodic end usingpxessure the SPE cartridge, it was dried under vacuum-a00 mmHg

of 0.5psi (1 psi=6894.76 Pa). Number of theoretical plates (1 mmHg=133.322 Pa) for 15 min. The retained herbicides
(NTP) per meter was calculated using the suitability func- were eluted with 10 mL acetonitrile. The organic solvent was
tion of the System Gold Software. Before first use, fused- then evaporated to dryness at’4Dusing a Rotavapor R-200
silica capillary was washed with 0.1 M sodium hydroxide (from Biichi Labortechnik, Flawil, Switzerland). The residue
for 30 min and deionized water for 15 min. Capillary condi- was dissolved in 1 mL acetonitrile and directly injected into
tioning was done every morning rinsing 5 min with running the CE instrument.

buffer. To achieve a good reproducibility between runs, run-

ning buffer was passed through the capillary for 2 min (all

rinses were done usingoNpressure at 20 psi) and running 3. Results and discussion

buffer vials were renewed every five injections. At the end

of the day, water was passed through the capillary for 5 and 3.1. CE separation

2 min more with N. Electrophoretic separation was carried )

out at 25°C and at +23kV, using a 24 mM formic acid and As mentioned before, to our knowledge, there are no

16 mM ammonium carbonate solution (pH 6.4) as separation previous works concerning the determination of triazolopy-
electrolyte. rimidine herbicides by capillary electrophoresis. Therefore, a

preliminary study was carried out using standards dissolved
2.3. Solid-phase extraction procedure in acetonitrile at a concentration of 2 mg/L with UV detection
at 205 nm (from the spectra of these compounds dissolved
Mineral or stagnant water was spiked with the selected in acetonitrile, a maximum of absorbance was observed at
herbicides at several concentrations. SPE procedure was perthis wavelength and further corroborated by the highest sig-
formed using a Vac-Master manifold from IST (IST, Hen- nal/noise ratios obtained by CE-UV at the same wavelength)
goed, South Wales, UK). Fifty milliliters volume of this and hydrodynamic injection at 0.5 psi for 12 s. The selected
spiked solution with 1 mL of 1 M hydrochloric acid was group of compounds havég values between 4 (diclosulam)
slowly passed through a;g SPE cartridge (Sep-Pak Plus and 4.81 (cloransulam-methyl) (séable ). Moreover, two
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of these compounds (namely, cloransulam-methyl and meto-electrolyte (BGE) due to the abrupt change in the local elec-
sulam) have very similarif, values and molecular weights, tric field and, as a consequence, the electrophoretic velocity
as can be seen ifable 1 which is expected to complicate of analytes. In order to obtain a sample matrix with a low
their separation. Therefore, in order to achieve a suitable sep-conductivity able to provide as much sensitivity as possible,
aration, pH higher than 5 should be used. Furthermore, adifferent solutions of each pesticide containing acetonitrile
separation electrolyte with a high pH is suggested in order (0.5mg/L) and separation buffer were tested. Ratios 1:3, 1:1
to achieve a fast separation of the anions. Moreover, an addi-and 3:1 as well as pure acetonitrile or separation buffer alone
tional constraint was imposed during this optimization study, were tested. Among them, pure acetonitrile yielded the high-
i.e., non-volatile salts as phosphate, borate, etc. or EOF mod-est signal to noise ratios and consequently, the lowest LODs.
ifiers as, for instance, CTAC, CTAB, etc. were used in order The use of acetonitrile alone for sample stacking, known as
to obtain a buffer that could be used in the future with a more acetonitrile stacking, has already been used several times
sensitive and selective detector as a mass spectrometer. Thu$l7—19] with good sensitivity improvements. In our work,
ammonia, ammonium acetate, acetic acid, ammonium car-by using acetonitrile alone, the sample could be injected in
bonate and formic acid were tested as separation electrolyteghe capillary up to 60 s at 0.5 psi (ca. 4% of the total volume of
individually (concentrations between 5 and 80 mM) or in dif- the capillary). Higher injection times yielded in peak distor-
ferent combinations, in order to obtain separation electrolytestion and overlap and, at the same time, higher analysis times
with different pH values (from 5 to 11). due to the high amount of solvent injected. The injection of

None of the mentioned compounds when used alone pro-such a long sample plug yielded in LODs between 188.
vided a suitable CE resolution of the selected pesticides. for flumetsulam and 19ag/L for cloransulam-methyl with
In general, when working at pH values higher than 6.5, peak efficiencies between 230000 and 285000 theoretical
overlap of certain compounds, especially metosulam and plates per meter (NTP/m) (s@able 3. The LODs obtained
cloransulam-methyl, occurred. At the same time, electrolytes for the pesticides using NSM correspond to an improvement
with a high ionic strength provided very low EOF and there- between 8 and 11 times relative to non-stacking procedure.
fore high analysis time. The best separation was achieved
with 24 mM formic acid and 16 mM ammonium carbonate, , . ,

3.2.2. Stacking with matrix removal

which gave a pH of 6.4 and provided an analysis time of The SWMR technique was also tested with samples con-

9 min at 23 kV. Concentration of formic acid and ammonium __. . o : . o
. : . . taining 0.5 mg/L of each pesticide dissolved in acetonitrile or
carbonate above the previous ones provided higher analysis

: . ) o separation buffer alone or combinations 3:1, 1:1, and 1:3 of
time without noticeable resolution improvement. Concentra- ) .

: . . them. The best results were achieved once more using ace-
tions below, however, yielded in peak overlap. The use of

. L o : = tonitrile alone. Samples could be injected up to 18 s at 20 psi.
acetic acid instead of formic acid, although it gave very simi- . S ! ) i .
: T : Higher injection times yielded in peak distortion and overlap
lar pH, capillary current, peak efficiency and resolution, also

provided higher analysis time and also in higher reversal times (the time needed to elimi-
' nate the matrix of the sample). LODs obtained (calculated as
) three times the signal to noise ratio) were between @ditt
3.2. Stacking procedures for flumetsulam and 11,8g/L for florasulam, which are in
. ~ the lowpg/L level (se€Table 9. These low LODs represent
Once the separation electrolyte was selected, two on-line an increase of sensitivity up to 20-fold, with respect to NSM
stacking procedures were evaluated in order to improve thejpjection, and up to 214-fold with respect to non-stacking

sensitivity, namely, NSM and SWMR. CE analysis; therefore, this on-line preconcentration strategy
was selected for further experiments. Also, in SWMR peak
3.2.1. Normal stacking mode efficiencies are higher than in NSM (between 390000 and

In NSM, focusing happens at the interface between the 555 000 NTP/m)Fig. 1shows the comparison between both
low conductivity matrix and the more conductive background preconcentration procedures, NSM and SWMR, for a sample

Table 2
Figures of merit of the CE-UV analysis of the five pesticides under study using NSM and SWMR as preconcentration procedures
Peak Herbicide NSM (60s, at 0.5 psi) SWMR (18 s at 20 psi)

LOD? (pg/L) NTP/mP Fold® LOD? (pg/L) NTP/mP Fold®
1 Metosulam 143 285000 8 0 480000 117
2 Cloransulam-methyl 195 250000 11 .89 555000 214
3 Diclosulam 191 230000 8 1® 390000 143
4 Florasulam 185 265000 10 n 440000 148
5 Flumetsulam 133 245000 8 % 452000 174

@ Calculated as three times the S/N ratio.
b Number of theoretical plates per meter of column.
¢ Fold respect to the non-stacking procedure dissolving the pesticides into running buffer.
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Fig. 1. Electropherogram of the separation of the selected pesticides carried out under NSM: sample in acetonitrile injected 60 s at 0.5 psi; BWMR: sam
acetonitrile injected 18 s at 20 psi, applied potentidB kV (sample matrix removal), +23 kV (electrophoretic separation); Carrier electrolyte: 24 mM formic
acid and 16 MM ammonium carbonate; Total length: 57 cm (50 cm effective length). (1) Metosulam; (2) cloransulam-methyl; (3) diclosulam; (4pflorasula
and (5) flumetsulam. Sample: 0.22 mg/L metosulam, 0.2 mg/L cloransulam-methyl, 0.24 mg/L diclosulam, 0.2 mg/L florasulam, 0.18 mg/L flumetsulam.

containing approximately 200g/L of each pesticide. As it  ried out, calibration curves (based on the peak areas) were
can be seen in the figure, the increase in sensitivity providedobtained at a working range of 40-2QQ/L by injecting

by SWMR is clearly higher. In the literature, there are several each standard five time3able 3also shows the calibra-
papers that have also applied SWMR to the determination oftion parameters as, for instance, calibration equation, corre-
other pesticides with very similar LO0J$4-16] As an ex- lation coefficients R), Syx (standard deviation of residuals)
ample, in Refs[14,15]the LODs for the SWMR procedure  and limits of quantifications (LOQs) calculated as 10 times
of quats standards in Milli-Q water were between 10 and the signal to noise ratio. As it can be seen, a good linear-
15ug/L, which are slightly above the ones obtained in this ity, with correlation coefficientsR) higher than 0.9962 was
work (between 6.5 and 1148y/L). observed.

3.3. Method validation 3.4. Solid-phase extraction of water samples

Under optimum SWMR conditions, the performance of In order to increase the sensitivity of our analytical proto-
the method was examined by carrying out a reproducibility col for its future application to real samples, an off-line SPE
study at three levels of concentration (50, 100 andi2§M) preconcentration procedure was developed prior to SWMR-
with five consecutive injections during the same day 5) CE-UV analysis using ¢ cartridges. These cartridges have
and three different daysnE15). Samples of higher con-  been selected, according to previous experiments concerning
centration values yielded in peak overldfable 3 shows the individual extraction of cloransulam-methyl and diclo-
the result of the validation procedure for a concentration of sulam from water$20,21] Moreover, no method has been
200pg/L. As it can be seen iable 3 relative standard de-  proposed for the extraction of the other three pesticides from
viation values (RSDs) were lower than 2.17% for migration waters. Therefore, a new SPE extraction method was opti-
times and lower than 6.31% for peak areas within the samemized using @g cartridges. Spiked Milli-Q water samples
day (i.e., repeatability), while day-to-day precision RSD val- were initially used to optimize the extraction procedure. For
ues were lower than 2.62% for migration times and lower this purpose, the volume of solvent used to condition the car-
than 8.83% for peak areas, showing that the SWMR proce- tridge, the amount of sample extracted and also the volume of
dure is reproducible. Once the reproducibility study was car- solvent used to elute the analytes were optimized. Optimum

Table 3
Repeatability, day-to-day precision (both expressed as RSD percentage) and figures of merit obtained with the optimized separation buffé&eahd optim

SWMR procedure

Pesticide Repeatability Day-to-day precision  Calibration curverf=5) R Six LOD (ng/L) LOQ (ng/L)
(RSD %} (n=5) (RSD %} (n=15)
tr Area R Area
Metosulam 191 631 225 853 y=1.59%+0.0041 0.9965  0.0067 o} 337
Cloransulam-methyl 1.68 4.95 2.06 8.83 y=1.40x—0.0013 0.9969 0.0036 .83 32.8
Diclosulam 217 334 245 7.68 y=2.858— 0.0062 0.9977 0.0093 1® 35.3
Florasulam 1.83 2.08 262 6.47 y=2.066<— 0.0027 0.9962 0.0068 19 39.7
Flumetsulam 164 6.18 235 832 y=2.28%—0.0021 0.9972  0.0051 B4 21.8

2 Data given for 10Qug/L.
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Table 4
Mean recoveryr{=3), RSD (%) values and LODs of the selected pesticides in spiked mineral and stagnant water samples after SPE-SWMR-CE
Pesticide Mineral water Stagnant water
1000 ng/L 600 ng/L LOD (ng/L) 1000 ng/L 600 ng/L LOD (ng/L)
Recovery RSD Recovery RSD Recovery RSD Recovery RSD
(%) (%) (%) (%) (%) (%) (%) (%)
Metosulam 59 7 64 11 328 63 5 55 8 342
Cloransulam-methyl 110 10 92 7 195 104 14 92 16 201
Diclosulam 105 9 100 1 207 108 11 85 9 220
Florasulam 92 5 101 5 247 97 2 91 7 253
Flumetsulam 102 15 98 5 131 104 7 99 10 129

extraction conditions were as follows: 5 mL of acetonitrile, der NSM conditionsKig. 2B) did not provide an appropriate
2mL of 0.01 M HCI for conditioning, 50 mL of spiked wa-  sensitivity, as indicated previouslyig. 2C shows the result

ter samples containing 2 mL of 1 M HCI, vacuum for 15 min of the direct injection of the sample (without previous SPE)
and 10 mL elution with acetonitrile as described in Section using the SWMR procedure, demonstrating the necessity of
2. After evaporation of the acetonitrile in a rotary evaporator

at40°C, 1 mL of acetonitrile was added and the solution was g

injected into the CE system for 0.3 min using SWMR con- 0.003 - 3 |
ditions. Performance of the SPE was studied by comparing | 2
the electropherograms of the spiked samples with standards. A 1 \'| }\ I |
Once the SPE procedure was optimized, it was applied to omez4 | i | Il
the extraction of spiked and non-spiked mineral and stagnant
water at two levels of concentrations (1000 and 600 ng/L).
Each sample was extracted three times 8) and injected in

0.001 -

\ (B)

AU (205 nm)

the CE system three times following the optimized SWMR [ [ A A A N g
method. The injection of non-spiked water samples showed 00007 ‘ ‘

that the selected pesticides were not present in the samples. ] ‘ f

Table 4shows the mean recoveries and RSD values of the 0.001 oy , WWWMWWWWVMES)
extraction procedure. As it can be seefable 4 for spiked ] L

mineral water samples, mean recovery values ) were 0002 J ' , ,
around 100% for all pesticides except for metosulam, which 4 6 8 10

had a recovery between 59 and 64% for mineral water and be- Time (min)

tween 55 and 63% for stagnant water. RSD percentage values
ranged between 1 and 16%. As expected, the electrophero¥ig. 2. (A) SPE-SWMR-CE-UV of a mineral water sample containing
grams showed that stagnant water samples were not as cleapP0ng/L; (B) SPE-NSM-CE-UV of a mineral water sample containing

as mineral water (see below). Stagnant water was obtained®>C"9/L; (C) directinjection using SWMR of a mineral water sample con-
taining 350 ng/L of each pesticide. NSM injection of the same sample gave

from a non-potable so_urce (a local depos't) and due to thethe same electropherogram. Note that EOF has been modified in order to
great amount of organic matter that it has, the electrophero-clarify the figure.

grams were not as fine as for mineral water samples. However,

the recoveries were very similar for both types of waters. Ac- 0.006 1
cording to these recovery values, LODs of the SPE-SWMR-

CE-UV method (sedable 4 range between 131 ng/L for 0.004 - 2]
flumetsulam and 328 ng/L for metosulam in mineral water

samples and between 129 ng/L for flumetsulam and 342 ng/L
for metosulam in stagnant water. It is interesting to mention

that these ultrasensitive LODs are similar to the best values
reported in literature for pesticides using CE and stacking 0.000 4 -, Pvm“’

AU (205 nm)

0.002 (.f'
%
_ Vs i

procedure$l4,22,23]
In order to show the usefulness of the SPE-SWMR-CE- - . [ . . . . .

UV procedure, it was applied to the analysis of trace amounts 4 P g 10

of these pesticides in mineral and stagnant water spiked at Time (min)

350 ng/L.Fig. 2A shows the electropherogram of the spiked

mineral water. As it can be seen, all the pesticides could berig. 3. Electropherogram of a spiked stagnant water sample containing

detected at this low level. The injection of the same sample un- 350 ng/L after SPE-SWMR procedure.
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