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Abstract

In this work, a combined methodology using off-line solid-phase extraction (SPE), on-line field-enhanced sample injection (FESI) and coelec-
troosmotic capillary electrophoresis with UV detection (CE-UV) is developed for the trace analysis of five triazolopyrimidine sulfonanilide
pesticides (i.e., flumetsulam, florasulam, cloransulam-methyl, diclosulam and metosulam). An adequate background electrolyte (BGE) was obtaine
for the separation of these pesticides using hexadimethrine bromide (HDB) as electroosmotic flow (EOF) modifier. This BGE consisted of 0.00042Y%
HDB, 11 mM formic acid, 16 mM ammonium carbonate and 2.5 @M D solution at pH 7.6. The use of this running buffer together with the
FESI preconcentration method provided limits of detection (LODs) in thedg# range (i.e., between 13.0 and 3j.&/L). The optimized
FESI-CE-UV method was combined with off-line SPE using €artridges and applied to the determination of the selected group of pesticides in
soil samples. Recovery percentages ranged between 50 and 84% in these samples with LODs betweent@kand B4 work shows the great
possibilities of the combined use of SPE-FESI-CE-UV to improve CE sensitivity allowing the achievement of LODs similar to other analytical
techniques as GC or HPLC.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction mally between 1 and 10nL) and the short optical path length
employed for on-capillary detection. To overcome this problem,
Analysis of pesticides is a difficult task since frequently different strategies have been develofjéd8]. Among these
they are found in very low concentrations in complex envi-strategies, the use of preconcentration strategies as on-line stack-
ronmental matrices such as soils, sediments, foods, etc. Thisg or sweeping9-11] or off-line procedures as solid-phase
difficulty has brought about the necessity of developing separaextraction[12], solid-phase microextractiofi3], cloud-point
tion methods with high efficiency, unique selectivity and highextraction[14] seem to provide the most promising results for
sensitivity. Capillary electrophoresis (CE) can meet many ofesticide analysis by CE.
these requirements, for this reason during the last decade CE Recently, on line preconcentration methods have gained con-
has been gaining importance in separation science including thederable interest due to the significant sensitivity improve-
environmental field1-5]. However, one of the main limitations ment that they providg9—11]. This is afforded by manipulat-
of CE is its inherent low sensitivity, usually in the mg/L range, ing the composition and ionic strength of the sample matrix
which is related to both the low sample volumes injected (norand BGE. One of these techniques is field-enhanced sam-
ple injection (FESI), first described by Chien and But],
which is an on-line sample preconcentration procedure based
* Corresponding author. Tel.: +34 922 31 80 46; fax: +34 922318003, 0N the electrokinetic injection of a sample with a lower con-
E-mail address: mrguez@ull.es (MA. Rodiiguez-Delgado). ductivity compared with the background electrolyte (BGE). In
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Fig. 1. Structures of the selected pesticides.

this case, only charged analytes or neutral analytes interactirespecially for pesticide analysis. As a result, determination of
with charged micelles can be concentrated. This on-line prepesticides and their degradation products in soils is mainly car-
concentration strategy has also been applied to the analysi®ed out by gas chromatography (GC) or high performance liquid
of pesticides several timg$6—18] providing good sensitivity = chromatography (HPLC), e.g., the recent review by Andreu and
improvements. Pico[32]. Although CE has also been used to determine pesti-

Solid-phase extraction (SPE) has been used for the extracides in soils, there is a very low number of articles concerning
tion of pollutants from different environmental matrig&g,19]. this topic. As an example, sulphonylure@8—35] phenoxy-
Concerning pesticide analysis it has proven to be a very effectivacidg36,37]and quat§38] have been determined in soils by CE.
tool for off-line preconcentration prior to CE. Besides, combi- To our knowledge, there is not any analytical method developed
nation of SPE and CE has even been carried out in the on-linfer the simultaneous determination of this group of triazolopy-
mode[20]. rimidine sulfoanilide pesticides in soil samples.

The pesticides studied in this work, cloransulam-methyl, In this work, we propose the simultaneous and trace deter-
metosulam, flumetsulam, florasulam and diclosuldtig.(1) mination of the five triazolopyrimidine sulfonanilide herbicides
belong to the triazolopyrimidine sulfonanilide family of her- (diclosulam, cloransulam-methyl, flumetsulam, metosulam and
bicides[21]. They are frequently used as pre-emergence and/dtorasulam) in soil samples by developing a new analytical strat-
post-emergence herbicides in soybeans, peanuts, etc. in differeady that combines off-line SPE, on-line FESI and coelectroos-
countries. Cloransulam-methyl, together with diclosulam andnotic CE-UV.
flumetsulam, which has been detected in Midwestern USA
rivers [22,23], are frequently used in USA and registered by2. Experimental
the US Environmental Protection Agency (EPEM4]. Flo-
rasulam, however, is also registered by the European UnioRI. Chemicals and samples
(EV) [25]. Metosulam, indeed, is registered and used in several
countries around the world. In spite of the frequent combi- All chemicals were of analytical reagent grade and used as
nation of these herbicides for weed management, these comeceived. Ammonium carbonate and formic acid from Merck
pounds have mostly been analyzed individually by different{Darmstadt, Germany). Acetonitrile, 2-propanol, 1-propanol,
techniques as metosulam by enzyme-linked inmunosorbemhethanol, acetone and 1-butanol (HPLC-grade) were from
assay (ELISA)[26], cloransulam-methyl by HPL{27], flo- Merck (Darmstadt, Germany). Cetyltrimethylammonium chlo-
rasulam by Mg28], flumetsulam by GC-M$9] and marked ride (CTAC), hexadimethrine bromide (I,5-dimethyl-I,5-diaza-
diclosulam by radio metric procedur¢0]. Our group has undecamethylene polymethobromide, HDBYcyclodextrin
recently demonstrated that CE can be a suitable analyticandp-cyclodextrin were from Sigma—Aldrich (Madrid, Spain).
technique to analyze this type of pesticides in water sampleBistilled water was deionized by using a Milli-Q gradient system
[31]. A10 (Millipore, Bedford, MA, USA).

Concerning environmental analysis, soils constitute nowa- Cloransulam-methyl (methyl 3-chloro{¢(5-ethoxy-7-flu-
days one of the samples of major interest and complexitypro[l,2,4]triazolo[l,5¢]pyrimidin-2-yl)sulfonyl]Jamingbenzo-
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ate), diclosulam {N-(2,6-dichlorophenyl)-5-ethoxy-7-fluoro- The residues were dissolved in 1 mL acetonitrile and200f
[1,2,4]triazolol[l,5-c]pyrimidine-2-sulfonamideflorasulam{N-  a 16 mM ammonium carbonate solution, and directly injected
(2,6-difluorophenyl)-8-fluoro-5-methoxy[1,2,4]triazolo[l,5-c]  into the CE instrument.

pyrimidine-2-sulfonamidg, flumetsulariN-(2,6-difluorophe-

nyl)-5-methyl[l,2,4]triazolo[l,5-a]pyrimidine-2-sulfonamidle 3. Results and discussion

and metosulam{N-(2,6-dichloro-3-methylphenyl)-5,7-dime-

thoxy[l,2,4]triazolo[l,5«]pyrimidine-2-sulfonamidg obtained  3.1. CE separation

from Dr. Ehrenstorfer (Cymit Quimica, Barcelona, Spain) were

used without further purification. Standard solutions of each Since the triazolopirimidine sulfonanilide compounds inves-
pesticide were prepared in acetonitrile and kept in the darkigated have f, values between 4.00 (diclosulam) and 4.81
under refrigeration at 4C. Working mixtures of pertinent (cloransulam-methyl)39] a buffer at pH 6.4 was found in a
concentrations were prepared daily by appropriate combinatioprevious work that allowed their CZE separation as anj8hk

and dilution with acetonitrile. However, under normal polarity conditions used in that work
the stacking technique callgitld-enhanced sample injection
(FESI), which has proven to provide high sensitivity improve-
mentg40-42] could not be tested for these anionic compounds.

CE-UV analyses were performed in a P/ACE system 55ld_og|cally, FE.SI COUIQ be applied for these nggatlvely charged
compounds if CE with reverse electroosmotic flow was used

CE apparatus (Beckman, Fullerton, CA, USA) equipped with g

. roviding simultaneous short migration times (reverse EOF and
DAD detector_ working at 205nm. System GOId. S oftwar_e W.asgolutes would move in the same direction towards the anode).
used for CE instrument control. Bare fused silica capillarie

For this purpose, CTAB, CTAC and HDB have been tested in

with 50wm i.d. were purchased from Composite Metal Ser-,, . : o
. . this work since they are well-known as EOF modifipt2,43]
vices (Worcester, UK). The detection length was 60 cm and tth the present wor)li the use of CTAC (0.1-0.8 mM) add]ed to

total length 67 cm. Injections were made at the cathodic end b%ﬁe bH 6.4 buffer containing 24 mM formic acid and 16 mM

e'IectroklneUcaIIy. |'nject|ng the sample'for 85§8 V. Before' ammonium carbonate did not provide suitable separations for
first use, fused-silica capillary was activated with the following . . .
i : . ; S the compounds even when different concentration of formic
protocol: 0.1 M hydrochloric acid for 2min, deionized water _ . :
: . . . - acid and ammonium carbonate were tested. CTAB gave the
for 2min, 0.1 M sodium hydroxide for 5min, deionized water : . . . . .
same separation profile with higher background noise. A dif-

fe‘:/ref mn']”of‘nr}g BEEHLOS"If ”grr‘nIgi‘vﬁt"k'f‘rg/nf]‘l’:dg‘j&‘gﬂ"giﬁgﬁ ferent modifier as HDB was tested (0.0001-0.003%) together
y 9oy 9 9 : ith different pH values for the BGE. The best combination of

a good reproducibility between runs, running buffer was passe DB, formic acid and ammonium carbonate in terms of CE res-

through the cap|||_ary for 2m_|n (all finses were done using N olution of the pesticides was 0.00042% HDB, 11 mM formic
pressure at 20 psi) and running buffer vials were renewed eve;%

2.2. Capillary electrophoresis-UV conditions

five injections. At the end of the day, water was passed throug cid, 16 mM ammonium carbonate a_t PH 7.6 (§eg. 2A). .
. X . . _2Although the proposed method provided a good separation,
the capillary for 3 min. Electrophoretic separation was carrie

out at 21°C and at—20KV, using a 0.00042% HDB, 11 mM cloransulam-methyl and diclosulam could not be completely

formic acid, 16 mM ammonium carbonate and 2.5 mMCD resolved (see peaks 3 and 4I-Tlg: 2A). In Ordef to improve
. . the CE resolution, addition of different organic modifiers as
solution at pH 7.6 as separation electrolyte.

2-propanol, 1-propanol, 1-butanol, acetone, etc. was tested in
all cases at concentrations between 1 and 10%. As examples,
2.3. Solid-phase extraction procedure Fig. 2B and C shows the effect of the addition of different per-
centages of 2-propanol to the separation electrolyte. As it can
Soil samples were collected in a rural area of the city ofbe seen, no improvement in the resolution of peaks 3 and 4
La Laguna, in Tenerife. Two grams of soil were weighted andwvas achieved; in fact the resolution was lost increasing the per-
spiked at different levels with the selected herbicides. Aftercentage of organic modifier. Furthermore, all the modifiers used
2h, they were extracted with 75mL of water and 3Q0of provided similar results, that is, an increase in separation time
0.1 M NaOH in an ultrasonic bath for 20 min. Afterwards, the with no improvement in resolution. In fact, higher percentages
samples were centrifuged at 4000 rpm for 10 min. The supermf modifier provided a decrease in the resolution of nearly all
natant was then separated, 1 mL of HC1 1 M was added angesticides. Therefore, other compounds like CDs were tested
they were centrifuged again at 4000 rpm for 5 min. Then, 50 mL(namely, «-CD and B-CD) at concentrations between 1 and
of the supernatant was passed throughig SPE cartridge 8 mM in order to improve the separation. Although CDs are nor-
(Sep-Pak Plus {g Cartridge) from Waters (Milford, MA, USA) mally used as chiral selectors in CE, they have also been used
previously activated by flushing with 5mL of acetonitrile fol- as buffer additives to improve non-chiral separatipié,45]
lowed by 2mL 0.01 M hydrochloric acid. After loading the since they can modify the polarity of the BGE. In our case,
sample into the SPE cartridge, it was dried under vacuum athe use of3-CD did not improve the separation while the use
—10mmHg (1 mmHg=133.322 Pa) for 15min. The retainedof o-CD at a concentration of 2.5mM allowed the separation
herbicides were eluted with 10 mL of acetonitrile. The organicof the five pesticides (see below). Under these last conditions,
solvent was then evaporated to dryness in a nitrogen strearthe temperature effect was also studied between 15 ah@,25
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Fig. 3. Influence of percentage of 16 mM ammonium carbonate solution (pH
9.04) on the field-enhanced sample injection (FESI) of the selected analytes.
Injection 6 at—8kV. Sample 33@.g/L of each pesticide.() Flumetsulam;

(m) florasulam; &) cloransulam-methyl;X) diclosulam and @) metosulam.
Each sample was injected three times.

Absorbance(205 nm)

A the optimum conductivity of the sample was selected, the injec-
tion voltage and injection time were optimized. Injection time
4.0 45 50 55 6.0 was varied between 1 and 40s and injection voltage between
Time (min) —1 and—10KkV, being the optimum values 8s ar@ kV. No

Fig. 2. Influence of organic modifier (2-propanol) in the separation of thedlﬁerence wa; _Observed k?e_twe_en t_he use_LSkV ?”d h|gher_
selected pesticides. Running buffer: 0.00042% HDB, 11 mM formic acid, 16 mmvalues. In addition, higher injection times yielded in bro_ademng
ammonium carbonate at pH 7.6 and (A) 0% (v/v) 2-propanol; (B) 1% (viv) 2-Of the peaks and, as a consequence, loss of resolugign4
propanol and (C) 2.5% (v/v) 2-propanol. (1) Flumetsulam; (2) florasulam; (3)shows the separation of the five triazolopyrimidine sulfoanilide
cloransulam-methyl; (4) diclosulam and (5) metosulam. Separa#@dkV, — herpicides under optimum injection and separation conditions.
25°C. Injection 5s at-10kV. Sample 42Q.g/L of each pesticide in acetoni- Obti iniecti d fi diti ided limits of
trile:separation buffer 5:1. ptimum injection and separation conditions provided limits o
detection (LODs)-calculated as three times the signal-to-noise

o ) o ratio in thepg/L range, between 13,0g/L for metosulam and
providing 21°C the best results in terms of peak efficiency andzs 5,,q/1_ for cloransulam-methyl.

resolution.

3.3. Method validation
3.2. Field-enhanced sample injection
Under optimum FESI conditions, the performance of the

As previously indicated, sample preconcentration takes placeiethod was examined by carrying out a reproducibility study at
in the FESI mode, which is accomplished by electrokinetically
injecting a sample band with lower conductivity than the BGE.
Since pesticides under study havé;walues between 4.00 and
4.81, the sample matrix should provide both low conductivity
and simultaneous ionization of the solutes in order to achieve
an appropriate electrokinetic injection. For this purpose, several
mixtures of acetonitrile and a solution of 16 mM ammonium
carbonate (pH 9.04) or acetonitrile and separation buffer were
tested. The use of the ammonium carbonate solution provided
the best results in terms of sensitiviiig. 3shows the influence

of the percentage of 16 MM ammonium carbonate solution in 0.000-
the sample on the stacking of the analytes. As it can be seen, the
highest peak areas were obtained with 17% of 16 mM ammo- r"ﬂ
-0.002 : ‘
.5 4.5 5.5

nium carbonate in the sample matrix. Samples with percentages ] o e
lower than 17% yielded in lower peak areas and also in very ' '
irreproducible injections. Moreover, high percentages of the
ammonium carbonate solution as, for instance, 50% or 10099 4. Electropherogram of the FESI-CE-UV separation of the selected pesti-
yielded in very low and irreproducible peak areas. Besides, thgdes. Buffer: 0.00042% HDB, 11 mM formic acid, 16 mM ammonium carbon-

introducti f lwat lua bef the electrokinetic ini ate, 2.5 mMx-CD at pH 7.6. Sample: 200g/L of each pesticide in acetonitrile
Introduction ofa smalfwater piug berore the electrokine ICIn]ec'with 17% of 16 mM ammonium carbonate solution. Injection: 8 s-8tkV.

tion as suggested by other authfirS,46]to deeper concentrate separation:-20kV, 21°C. (1) Flumetsulam: (2) florasulam; (3) cloransulam-
the ions in the capillary, was tested without any success. Onaeethyl; (4) diclosulam and (5) metosulam.
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Table 1
Repeatability, day-to-day precision (both expressed as RSD percentage) and figures of merit obtained with the optimized separation buffezeshBERtim
procedure

Peak Pesticide Intra-day Day-to-day Calibration curve R Syix LOD LOQ
precision precision (n=5) (pg/l) (pg/l)
(RSD%Y (n=3) (RSD%} (n=15)
tm Area tm Area
1 Flumetsulam 0.21 4.04 1.29 8.33 y=0.552% — 0.0073 0.9973 0.0080 14.9 49.7
2 Florasulam 0.21 4.33 121 8.55 y=0.3518& — 0.0050 0.9969 0.0054 26.0 86.7
3 Cloransulam-methyl 0.20 3.74 1.28 9.33 y=0286% — 0.0034 0.9948 0.0057 315 105
4 Diclosulam 0.19 6.71 1.24 7.60 y=0.454% — 0.0062 0.9962 0.0077 20.2 67.3
5 Metosulam 0.20 5.54 1.29 9.60 y=0.6688& — 0.0129 0.9965 0.0109 13.0 433

@ Data given for 12g/L.

three concentration levels (125, 250 and 4@@L) with three  carried out. This new supernatantwas filtrated through a5
consecutive injections during the same day 8) and three dif-  filter and submitted to the already optimized SPE protocol,
ferent days =9). Table 1shows the result of the validation which was not changedig. 5A, shows the CE-UV electro-
procedure for a concentration of 1g2§/L. As it can be seen in  pherogram of a spiked soil sample containing gagkg of each
Table 1 relative standard deviation values (RSDs) were lowelpesticide after the SPE and the FESI procedeig. 5B shows
than 0.21% for migration times and lower than 6.71% for peakhe electropherogram of the same non-spiked soil sample after
areas within the same day (i.e., repeatability), while day-to-daysPE-FESI-CE-UV. It can be seen that the selected pesticides
precision RSD values were lower than 1.29% for migration timesre not present in the soil samples and also that no interfering
and lower than 9.60% for peak areas, showing that the FESieaks appear in the electropherogram. The SPE procedure was
procedure can be considered as reproducible. Once the repnepeated three times with spiked soil samples at two levels of
ducibility study was carried out, calibration curves (based on theoncentrations (200 and 5p@/kg). As it can be seen ifable 2

peak areas) were obtained at a working range of 100800  recovery percentages £ 3) range between 50 and 84%, and the
by injecting each standard three tim&able lalso shows the LOD range between 48g/kg for flumetsulam and 34g/kg for
calibration parameters as, for instance, calibration equation, cocloransulam-methyl. These LODs values are similar to those
relation coefficientsK), Sy, (standard deviation of residuals) reported in the literature for other pesticides and in some cases
and limits of quantifications (LOQSs) calculated as 10 times theeven lower than what were obtained by GC or LC methods as
signal to noise ratio. As it can be seen, a good linearity, withwas reported in the review article previously mentiof@]. At
correlation coefficientsR) higher than 0.9948 was observed in this point, it should also be stated, that although the proposed
all cases. method is useful for the determination of these pesticides in soils,
more work needs to be done in order to improve the recoveries
and also to demonstrate its application to other different types
of soils.

As mentioned previously, to our knowledge there is nota SPE _Itshould also be indicated, thatthe CE-UV LODs obtained in
protocol for the simultaneous extraction of these five pesticideliS Work using FESI are slightly higher than the ones obtained
from soil samples. As a first step, we have tested the SPE prd? 0ur previous work31] (6.5-11.9.g/L) for the analysis of the

cedure developed by our group for water samf3d$. For this

purpose, several spiked soil samples (500 ng/g) from an agri-

cultural area of La Laguna, which contained a high amount of ~ 9-008 4
organic matter, were ultrasonicated with 75 mL of Milli-Q water
for several minutes and later centrifuged. One millilitre of HCI
0.1 Mwas added to the supernatant, filtered and submitted to the
SPE protocol. With this protocol, pesticides could be extracted
from the soil but with very low recovery values, around 15%.
After several attempts to optimize the extraction, it was found
that all the pesticides could be extracted at higher levels by using § 0.000
75 mL of Milli-Q water at which 30Q.L of 0.1 M NaOH were
added. Since these pesticides hakg yalues between 4.00 and i}

4.81, at basic pH the pesticides are ionized and they can easily 35 45 55 65

be extracted with deionized water. Optimum extraction time was Time (min)

found to be 20 min. Afterwards, samples were Centr_lfUQed' angig. 5. Electropherogram of (A) a spiked soil sample containing2fRg after
1mL of0.1 MHClwas added to the supernatant. In this step, prespe-Fes| procedure; (B) a non spiked soil sample after SPE-FESI procedure.
cipitation took place (fulvic acids), and centrifugation was againAll the conditions as irFig. 4.

3.4. SPE procedure of soil samples

0.0044

0.002-

sorbance(AU)




J. Herndndez-Borges et al. / J. Chromatogr. A 1100 (2005) 236-242 241

Table 2 Acknowledgements
Mean recoveryr{=3), RSD (%) values and LODs of the selected pesticides in

spiked soil samples after SPE-FESI-CE-UV J.H.B. wishes to thank the Ministerio de Educaciy Cien-

Pesticide Soil sample cia de Espaa for the FPU grant. This work has been supported
500p.g/kg 200ug/kg LOD by Consejeia de Educadin, Cultura y Deportes, Gobierno
(pglkg) Autdnomo de Canarias (Project 2002/074).

Recovery RSD Recovery RSD

(%) %) (%) (%)
Flumetsulam 70 2 76 13 18 References
Florasulam 77 6 80 8 30
Cloransulam-methyl 82 10 84 3 34 [1] Y. Picd, R. Rodfguez, J. Maes, Trends Anal. Chem. 22 (2003) 133.
Diclosulam 57 8 65 15 30 [2] H. Berrada, G. Font, J.C. Mdt Crit. Rev. Anal. Chem. 33 (2003)
Metosulam 57 15 50 10 22 19.

[3] T. Tegeler, Z. El Rassi, Electrophoresis 22 (2001) 4281.
[4] J. Herrandez-Borges, S. Fs-Garea, A. Cifuentes, M.A. Rodguez-
Delgado, J. Sep. Sci. 27 (2004) 947.
[5] J. Herrandez-Borges, M.A. Rotjuez-Delgado, F.J. GdezMontelongo,
same group of pesticides by using stacking with matrix removal _ A. Cifuentes, Electrophoresis, in press.
SWMR-CE-UV. However, if31] in which a SPE-SWMR-CE- [6] B.M. Simonet, A. Ros, M. Valdrcel, Trends Anal. Chem. 22 (2003)
UV method was used for the determination of these pesticides irm G. HempeL Electrophoresis 21 (2000) 691.
mineral and stagnantwaters, itwas observed thatwhen analyzing) e. Dabek-zlotorzunska, R. Aranda-Régiiez, K. Keppel-Jones, Elec-
stagnant waters, which had a very high content in organic mat- trophoresis 22 (2001) 4262.
ter, the electropherograms were not as clean as when analyzin§l R--L. Chien, Electrophoresis 24 (2003) 486.
mineral waters. In fact, a baseline displacement was observ 1} j‘i Ql:‘i'r::”‘; ST'erT:tgzb? “;':hin;o“;"’l‘:ﬂ dA :r?; (580(2)03;)9'1625
but still the pesticides could be analyzed. In the case of soil sa 72] H éabik: R Jeann’ot" B. Ro.ndeau, 1. Chr'omatogr_ A 885 (2000)
ples, the amount of organic matter is really high, much higher ~ 217
thanin stagnant waters, and the use of SPE-SWMR-CE-UV wd$3] R.P. Belardi, J. Pawliszyn, Water Pollut. Res. J. 24 (1989) 179.
not found suitable for the analysis of these soil samples. In factl4] R. Carabias-Mafez, E. Rodguez-Gonzalo, B. Moreno-Cordero, J.L.
it can be observed in this work that the recovery of the ana- ggrzezzgg;"zg'lea“a":'“to’ E. Ferandez-Laespada, J. Chromatogr. A
lytes are slightly lower than if81], which can be attributed to [15] R.L. Chien, D.S. Burgi, J. Chromatogr. 559 (1991) 141.
the high organic matter content of the soil samples. Apart fronpe] E. Turiel, P. Ferandez, C. Brez-Conde, C. &nara, Analyst 125 (2000)
that, electrokinetic injection, is more selective than the SWMR ~ 1725.
procedure developed [81] and it is simpler and less time con- Hg $ ¢tur|<li, C-Z DEISiF‘:e”Q' 33 APOO':g“I)' ngo(n;ggoggfalzzig 54 (2001) 489.
H H H H : . legeler, £. assl, J. nt. .
:gmg]gt;gaenaﬁc\ilv:\: ZOIrrT:;’V:;(El:]ep;\::ng)Iser}zg:?ufn(eer?glﬁgzego?t l’1_9] M.C. Bruzzonrti, C. Sarzanini, E. Mentasti, J. Chromatogr. A 902 (2000)
' ' 289.
ity switching must be carried out manually. In addition, as it canoj J. cai, E. Rassi, J. Lig. Chromatogr. 15 (1992) 1179.
be seen irFig. 5A and B, the electropherograms obtained by[21] British Crop Protection Council, The e-Pesticide Manual, Wise &
the FESI procedure are very clean and no baseline displacement LoveysInformation Services, Herts, 2001. _
was observed as when analyzing stagnant watéBiinThere- (22 \évrlll\‘;\i.ro?\at;%“r(]éoil()T). 1F2“3”°”g' M.R. Burkhardt, C.J. Peter, Sci. Total
fore, although the SWMR-CE-UV procedure provided S“ghtly[ZS] E.T. Furlong, M.R. Burkhardt, P.M. Gates, S.L. Werner, W.A. Battaglin,
lower LODs, the FESI-CE-UV method is more suitable for the s, Total Environ. 248 (2000) 135.
analysis of soil samples (concerning their high organic mattee4] http://www.epa.goyJuly 2005.
content of the samples) and its combination with SPE, provide@5] EU Commission Directive 20Q3/60/EC, European Union, Brussels, 2003.
LODs (18-34.g/kg) very similar and even lower than for other [26] J:S. Parnell, J.C. Hall, J. Agric. Food Chem. 46 (1998) 152,

e : o 27] M.S. Krieger, J.L. , R.N. Yoder, J. Chromatogr. A 897 (2000
groups of pesticides by GC or LC techniques, whichiis notusua[. ] fleger wynn oaer romatogr (2000)

405.
[28] R. Jackson, D. Ghosh, G. Paterson, Pest Manag. Sci. 56 (2000)
1065.
4. Conclusions [29] J. Rouchaud, O. Neus, H. Eelen, R. Bulcke, Environ. Contam. Tox. 69
(2002) 785.

In this work, a combination of off-line SPE and on-line [30] J.M. Zabik, 1.J. van Wesenbeeck, A.L. Peacock, L.M. Kennard, D.W.
sample stacking as FESI have been used together with coelec- ROPerts, J. Agric. Food Chem. 49 (2001) 3284.
troosmotic CE-UV for the trace and simultaneous determinatioansl] J. Herndez-Borges, A. Cifuentes, F.J. Giardlontelongo, M.A.

) -7 - o Rodfiguez-Delgado, J. Chromatogr. A 1070 (2005) 171.

of triazolopyrimidine sulfoanilide pesticides (flumetsulam, flo-[32] v. Andreu, Y. Pico, Trends Anal. Chem. 23 (2004) 772.
rasulam, cloransulam-methyl, diclosulam, metosulam) in soil33] H.J. Menne, K. Janowitz, B.M. Berger, J. AOAC Int. 82 (1999) 1534.
samples. The LODs achieved are in thgrkg level with recov- [34] G. Dinelli, A. Vicari, V. Brandolini, J. Chromatogr. A 700 (1995) 201.
ery percentages between 50 and 84%. This work shows t 3%2} i% ng:‘:izf:' E'Zchi;?ti" i' ii?t?uj ghg’:r‘g;?gtrc')"*r 7266(;59(1252)5'
usefulness of the combination SPE-FESI-CE-UV to achieve lo 317, T T P gt
LODs, in some cases even lower than the obtained by GC or L@7] c. pesiderio, C.M. Polcaro, P. Padglioni, S. Fanali, J. Chromatogr. A

for other pesticides. 781 (1997) 503.


http://www.epa.gov/

242 J. Herndndez-Borges et al. / J. Chromatogr. A 1100 (2005) 236-242

[38] Z. Stransyky, J. Chromatogr. 32 (1985) 219. [43] K. Fukushi, S. Takeda, K. Chayama, S.l. Wakida, J. Chromatogr. A 834
[39] The e-pesticide manual, British Crop Protection Council, Wiseo%dys (1999) 349.

Information Services Ltd., Herts, 2001. [44] S. Qi, S. Cui, X. Chen, Z. Hu, J. Chromatogr. A 1059 (2004)
[40] C.-X. Zhang, W. Thormann, Anal. Chem. 68 (1996) 2523. 191.
[41] A.B. Wey, C.X. Zhang, W. Thormann, J. Chromatogr. A 853 (1999) 95.[45] C.A. Groom, A. Halasz, L. Paquet, S. Thiboutot, G. Ampleman, J.
[42] J. Herrandez Borges, A. Cifuentes, F.J. Gardlontelongo, M.A. Hawari, J. Chromatogr. A 1072 (2005) 73.

Rodiiguez-Delgado, Electrophoresis 26 (2005) 980. [46] A. Vinther, H. Soeeberg, J. Chromatogr. 559 (1991) 3.



	Analysis of triazolopyrimidine herbicides in soils using field-enhanced sample injection-coelectroosmotic capillary electrophoresis combined with solid-phase extraction
	Introduction
	Experimental
	Chemicals and samples
	Capillary electrophoresis-UV conditions
	Solid-phase extraction procedure

	Results and discussion
	CE separation
	Field-enhanced sample injection
	Method validation
	SPE procedure of soil samples

	Conclusions
	Acknowledgements
	References


