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A detailed analytical study on trichlorfon residues in selected vegetables samples has been carried
out, focused on the reliable quantification and confirmation of this compound, and on stability of
residues under storage. As a consequence, a rapid and sensitive LC—ESI-MS/MS method has been
developed for the determination of residues of this insecticide in kaki fruit (flesh and peel) and
cauliflower samples. Extraction was performed with acetonitrile using a high-speed blender. After
4-fold dilution of the extract with water, 20 uL was directly injected in the LC—ESI-MS/MS system
(triple quadrupole), using matrix-matched standards calibration for quantification. Under optimized
MS/MS conditions, limit of detections between 0.006 and 0.013 mg/kg were reached, and a limit of
guantification of 0.05 mg/kg was established, with a runtime of only 15 min. Recoveries from spiked
blank samples at 0.05 and 0.5 mg/kg were in the range 83—101% with relative standard deviations
lower than 10%. The method was applied to treated and untreated samples collected from field
residues trials, using quality control samples analysis for the evaluation of the method. Despite the
acquisition of two MS/MS transitions in selected reaction monitoring mode, the analysis of treated
samples revealed the presence of a chromatographic peak close to the analyte that corresponded to
a trichlorfon isobaric compound that shared the same MS/MS transitions. This unusual situation in
LC—MS/MS-based procedures required the application of an efficient chromatographic separation
to avoid this interference. All experiments have been made in compliance with the principles of Good
Laboratory Practices (GLP) and following the European SANCO guidelines for pesticides residue
analysis (PRA).

KEYWORDS: Trichlorfon; pesticide residues; vegetable samples; liquid chromatography; tandem mass
spectrometry; triple quadrupole

INTRODUCTION allowed for trichlorfon in brassica vegetables and miscellaneous

Kaki fruit (Diospyros kakiL.f.) and cauliflower (Brassica fruits |305mg/kg 2 Analyti_cal methods allowing the reliable
oleracea convar. Botrytit.) are extensively consumed com- determmatlon of concentratlons at least 5-fold lower than MRL
modities and are important products for the economy and export@ré advisable to be confident about the reported data.
trade of several countries particularly in the Mediterranean area  Trichlorfon residues in fruits and vegetables have been
where these crops are well adapted to climatic conditions. determined until now by gas chromatography (GC) with flame
However, to obtain a high-quality and healthy crop at harvest, photometric detection (FPD) (8) and electron capture detection
the use of pesticides is normally required, but always under (ECD) (5). Recently, the use of GC coupled to mass spectrom-
strict regulations. Trichlorfon (dimethyl 2,2,2-trichloro-1-hy- etry (MS) has been considered a suitable approach to improve
droxyethylphosphonate) is widely applied as an insecticide in selectivity and sensitivity § 7). Although GC can be an
these crops. This compound is an inhibitor of cholinesterase adequate technique for the determination of trichlorfon residues,
activity, possibly due to in vivo conversion to dichlorvds).( the trichlorfon instability at high temperature has been reported
In the European Community, the maximum residue limit (MRL) (4, 6—8). The thermal degradation of trichlorfon in the injection
port of the GC to dichlorvos can hinder a correct quantification,

* Author to whom correspondence should be addressed [telephBde due to other amounts of dichlorvos that could come from the
964 728100, faxt 34 964 728066; e-mail hemnandi@exp.uiji.es]. formulation manufacturing and degradation product from tri-
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10.1021/jf052737) CCC: $33.50 © 2006 American Chemical Society
Published on Web 01/26/2006



Analytical Study of Trichlorfon Residues

J. Agric. Food Chem., Vol. 54, No. 4, 2006 1189

raphy (LC) appears as a suitable alternative to GC. Recently,a Discovery Gs column (50x 2.1 mm i.d., sum) (Supelco, Bellefonte,
one method has been reported for trichlorfon in oranges usingPA), at a flow rate of 30@L/min. The mobile phase used was a water

LC—APCI-MS. In this application, the determination of trichlo-

methanol gradient where the percentage of methanol was changed

rfon at 0.12 mg/kg, among other pesticides, is described, afterlinéarly as follows: 0 min, 5%; 7 min, 5%; 12 min, 50%; 13 min,

performing the extraction by matrix solid-phase dispersion,
obtaining recoveries between 68% and 74% (9).

50%; 15 min, 5%. Drying gas as well as nebulizing gas was nitrogen
generated from pressurized air in a high-purity nitrogen generator
NM30OLA 230Vac Gas Station from Peak Scientific (Inchinnan,

An increased number of papers have been published in thegcgtiand). The desolvation gas flow and cone gas flow were selected

last 5 years dealing with the use of E®IS/MS in pesticide

as 600 and 60 L/h, respectively. Infusion experiments were performed

residue analysis, demonstrating the great potential of this using the built-in syringe pump directly connected to the interface.

technique in this field. The excellent sensitivity of EGIS/

For operation in MS/MS mode, the collision gas was argon 99.995%

MS allows in many cases one to reduce the sample pretreatment(Carburos Metdlicos, Valencia, Spain) with a pressure of 302

even facilitating the direct injection of the extractt0(12).
However, one of the main drawbacks of LC—MS/MS methods
is the matrix effect in the ionization source, producing an
inhibition or enhancement of the MS sign&B(15). Different
possibilities to compensate for this undesirable effect have bee
proposed as: (i) the use of labeled internal standb®jl lfeing

mbar in the collision cell. Capillary voltages of 3.5 kV were used in
positive ionization mode. The interface temperature was set t63@50
and the source temperature was set to2Mwell times of 0.5 s/scan
were chosen for each transition. A solvent delay of 7.5 min was selected
to give an additional cleanup using the built-in divert valve controlled

nby the Masslynx NT v.4.0 software. The quantificatio®)(and

confirmation (q) transitions are 257109 and 259—109, respectively,

the most easy and convenient way although with the limitations poth optimized at a cone voltage of 30 V and a collision energy of 15

of the commercially availability, price, and/or purity of reference
standard,; (ii) the simple dilution of the extract to give a signal
comparable to standard solutior7}, with the drawback of
the unavoidable loss in sensitivity; and (iii) the quantification
with matrix-matched standard calibratiori8-20), which
compensates the matrix effect, with the drawback of finding a

real representative blank sample and of assuming that all sample
present similar matrix effects. In some cases, a combination of

two of these approaches is applied, for example, dilution of
sample extract and matrix-matched standard calibra@dn-(
23).

Although LC—MS/MS presents high specificity, it is still
possible to report false positive findings. The European Union

eV. The application manager QuanLynx was used to process the
quantitative data obtained from calibration standards and from crop
samples.

Sample Preparation. Three types of samples were analyzed:
cauliflower and peel and flesh of the kaki fruit. The samples were cut
into small pieces without any pretreatment and were triturated with a

é;hopper K55E (Dito Sama, Aubusson, France). An aliquot of homog-

enized sample (20 g for cauliflower and kaki flesh, and 10 g for kaki
peel) was accurately weighted (precision 0.1 mg) and mixed with 60
mL of acetonitrile. After extraction for 2 min with a high-speed blender
Ultra-Turrax T25 (Janke & Kunkel GmbH & Co., Staufen, Germany)
at 8000 rpm, the entire extract was filtered through a28um filter
paper (Filtros ANOIA S. A., Barcelona, Spain) using a vacuum pump,
washed with 10 mL of acetonitrile, and the volume was adjusted to

(24) has estabhshed Conﬁrma“on Crltena US|ng mass Spectrom_loo mL with acetonitrile. Fina”y, the extract was 4-fold diluted, taklng

etry based on the collection of identification point (IPs), where
a minimum of 4 IPs is required for confirmation of banned

compounds and 3 IPs for authorized compounds. Using triple
guadrupole analyses (QgQ) in selected reaction monitoring mode

(SRM), a minimum of 4 IPs is reached acquiring two MS/MS
transitions. Although this European decision is related to

an aliquot of 2.5 mL and diluting with LC-grade water up to 10 mL.
To remove solid particles, an aliquot of diluted extract was passed
through a 0.45%m Nylon syringe filter (Scharlab, Barcelona, Spain).
Next, 20uL of extract was directly injected in the LEMS/MS system.
Fortification of samples was performed delivering 1 mL (0.5 mL
for kaki peel) of trichlorfon standard solutions of 10 ang@/mL in
acetronitrile to 20 g of homogenized sample (10 g for kaki peel) to

products of animal origin, nowadays several examples can beobtain 0.5 and 0.05 mg/kg, respectively. These samples were equili-

found in the literature making use of more than one transition
for the confirmation of positive data, also in products of plant
origin (10,22, 23, 25—27).

The aim of this work is to develop a rapid, sensitive, and
selective method for the quantification and confirmation of
trichlorfon residues in kaki fruit (flesh and peel) and cauliflower

samples, minimizing the sample pretreatment and reducing in
this way the risks of analytical errors associated with this step.

A detailed study on potential interferents and on stability of
samples under storage is performed as well.

EXPERIMENTAL PROCEDURE

Reagents and Chemicals.Trichlorfon reference standard was

brated, under room conditions, for 1 h prior to extraction.

Validation Study. Three validation data sets were obtained for each
type of sample, kaki flesh, kaki peel, and cauliflower, following the
spirit of the European Union SANCO working documents (28).

The calibration curve was obtained by analyzing nine matrix-matched
standard solutions at concentrations between 0.5 and 250 ng/mL.
Acceptance criteria were that the correlation coefficient was higher than
0.99 and the linearity residuals were lower than 30%.

The accuracy and the precision were obtained by analyzing trichlo-
rfon in kaki and cauliflower blank samples spiked at two concentration
levels (0.05 and 0.5 mg/Kg) and were evaluated within 1 day in
quintuplicate at each concentration level. Acceptance criteria for
accuracy were that recovery fit between 70 and 110% and for precision
that relative standard deviation (RSD) was lower than 22%).(

The limit of detection (LOD), defined as the lowest concentration

purchased from Dr. Ehrenstorfer (Augsburg, Germany). HPLC-grade that the analytical process can reliably differentiate from background
acetonitrile and methanol were purchased from ScharLab (Barcelona,levels, was estimated for a signal-to-noise ratio of 3 from the
Spain). LC-grade water was obtained by purifying demineralized water chromatograms at the lowest analyte concentration tested. The limit of
in a Nanopure Il system (Barnstead Newton, MA). quantitation (LOQ) was established as the lowest concentration tested,
Stock standard solution of trichlorfon was prepared by dissolving which gave acceptable recoveries and precision.
50 mg of powder, accurately weighted, in 100 mL of acetonitrile, To evaluate the ability of the analytical procedure to give a selective
obtaining a final concentration of 5Q@y/mL, that was stored at20 measurement for the analyte, a specificity study was carried out
°C. Working solutions, used for LEMS/MS analysis or for sample including the analysis of a procedure blank, a sample blank, and a blank
fortification, were obtained by diluting stock solution with acetonitrile.  sample spiked at the LOQ level. The response should not exceed 30%
Instrumentation. A HPLC system Waters Alliance 2795 (Waters, of that of LOQ to consider the method to have satisfactory specificity.
Milford, MA) was interfaced to a Quattro micro triple quadrupole mass Stability Study. Two different stability studies were performed to
spectrometer (Waters) using an orthogonal Z-spray-electrospray inter-ensure the adequate preservation of samples and processed sample
face (ESI). The LC separation was performed injectingR@nd using extracts.
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Figure 1. (a) Positive ion electrospray full scan mass spectrum of trichlorfon acquired by infusion of 5 ug/mL standard solution, at cone voltage of 30
V. (b) Product ion spectrum of m/z = 257 at cone voltage and collision energy of 30 V and 15 eV, respectively. (c) Product ion spectrum for in-source
fragment m/iz = 221 at cone voltage and collision energy of 40 V and 25 eV, respectively. (d) Product ion spectrum for in-source fragment miz = 127
at cone voltage and collision energy of 50 V and 20 eV, respectively.

The stabilities of diluted sample extracts for the three type of RESULTS
matrixes, fortified at 0.Jkg/mL (0.5 mg/kg in sample) and stored at 4
and—18°C, were evaluated for 2 months, by analyzing three replicates ~MS Optimization Experiments. The full-scan mass spectrum
(injection in duplicate) at 0, 6, 15, and 60 days. and selected MS/MS spectra of trichlorfon are showhigure
The stability of blank samples fortified at 0.5 mg/kg and stored 1 1. They were obtained from infusion of &g/mL standard
year at—18°C was also studied, by analyzing four replicates (injection - splutions (50:50 acetonitrile:water) at a flow rate ofid@min.
in duplicate). , B As a result of the basic character of the phosphonic ester group,
During these experiments, a blank sample fortified at 0.5 mg/kg was trichlorfon shows positive ionization. The full scan mass

used as quality control (QC) and_ analyzed together with the sFablllty spectrum presents three peaks ratz 257, 259, and 261
samples. Results were accepted if QC gave acceptable recoveries (70 ding to th t ted | lar i + with
110%) and the deviation between stability samples and QC concentra-COr™esponding to the protonated molecular ionvH]™ wi

tions was lower than 15%. the characteristic isotopic pattern (3:3:1) that confirms the

Data Evaluation. For quantification of trichlorfon in samples  Presence of three chlorine atonfsgure 1a). The MS spectrum
collected from field residue trials, an external matrix-matched standard for protonated trichlorfon was optimized at a cone voltage of
calibration curve was used in every set of samples analyzed with, at 30 V. Figure 1la also shows three peaks mtz279, 281, and
least, three points within the calibration range. To ensure the quality 283 corresponding to the [M- NaJ*© adduct. Despite their
of the analysis, at least two QC (0.5 and 0.05 mg/kg) values were also similar sensitivity, the use of [M- NaJ* as precursor ions was

included in each batch of samples. The quantification of the sample 5y0ided due to their poor fragmentation, as has been proved
list was considered acceptable if QC recoveries were between 70%for other pesticides (26) '

and 110%. Every sample extract was injected in duplicate. - .
The use of MS/MS detection easily allows one to improve the ~ Néxt, MS/MS spectra were optimized selecting the most

specificity of the method, due to the possibility of confirmation of the ~abundant ions (m/257 and 259) as precursor ions, showing in
analyte identity by acquiring a second transition, to obtain 4 or 5 IPs both cases an important fragmentratz 109 optimized at a
depending on the precursor and the product ions sele@d)l ( collision energy of 15 eVKigure 1b). Another abundant ion
According to this, confirmation was performed in positive samples by at m/z221 (precursor ion 257) an/z223 (precursor ion 259)
acquisition of two MS/MS transitions: the most intense used for \yas also obtained; meanwhile, the less abundant fragments at
quantification (Q) and the other used for confirmatigh. (Apart from m/z127 and 79 were observed independently of the precursor
g;emgztr?géfgf :'r:ig/qcigttg:]';‘typrgigg’eTg'Q‘:CSrsa gvg/?qrial(é%?;;;n;e]‘gr bY jon selected. A possible explanation for the formation of these

y Jons is illustrated in the fragmentation pathway showRigure

all standards injected in a sequence was taken as the theoretical io . . .
ratio, andQ/q values calculated for positive findings in samples were 2. The ions 221/223 can be explained by a neutral loss of HCI;

compared to the theoretical one. Confirmation was considered reliable the presence of the remaining two chlorine atoms in the fragment
if the deviation of both standard and sample ion ratios was lower than leads to two different product ions depending on the precursor
15% (24). ion selected. The posterior neutral loss 0b@+C: would
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Figure 2. Fragmentation pathway proposed for trichlorfon.

explain the fragment an/z127, which is independent of the

tion (Q) and confirmation ) purposes, respectively. Both

precursor ion selected due to the absence of chlorine atoms intransitions were optimized at a cone voltage of 30 V and 15

its structure. The main product ionmtz109 may be obtained

eV of collision energy. The simultaneous acquisition of these

from any of the precursor ions, after a McLafferty rearrangement two transitions in the SRM mode allowed one to quantify and

or after a neutral loss of water from the ionmafz127. Finally,
the product ion atm/z79 would be obtained by a neutral loss
of acetaldehyde from thewz 109 ion. To support this
fragmentation pathway, different MS spectra of trichlorfon were
acquired modifying the cone voltage to obtain optimum in-

to confirm the presence of trichlorfon in one unique injection.
As stated in the previous section, due to the presence of 3
chlorine atoms in the molecule, both selected transitions
presented approximately the same sensitivity; therefore, the ion
intensity ratio was around 1, and this allowed the confirmation

source fragmentation for the most abundant product ions. Thus,of positive samples even at the LOD level.

by increasing the cone voltage up to 60 V, abundant in-source

Regarding sample procedure, one of the goals of the method

fragment ions am/z221 and 127 were obtained. The MS/MS  \as to simplify the sample pretreatment, and therefore the direct
spectra of these in-source fragment ions were also acquiredinjection of sample extracts was evaluated. As trichlorfon is

(Figure 1c andd, respectively), obtaining the same ioms/{

very soluble in polar organic solvents, an extraction with

127, 109, 79), and supporting the fragmentation pathway gcetonitrile or methanol was checked. Matrix effect was

suggested irFigure 2. Additionally, two ions aim/z113 and

evaluated for both extractants and was higher for methanol than

95 were observed in the product ion spectra of 127 and with acetonitrile, which is in accordance with results previously
less abundance in that of 221. These ions might be explainedreported for pesticide determination in fruits?). Next, extrac-

from the ion atm/z 127 after losses of :CHand methanol,
respectively (se€&igure 2).

With all of this information, up to 18 MS/MS transitions could
be selected for the confirmation of trichlorfon if necessary, using
m/z257, 259, 221, 223, and 127 as precursor ions.

Method Optimization. Although the ultimate confirmation
of trichlorfon could be achieved by the acquisition of up to 18
different transitions, only two are, in principle, sufficient to
obtain a safe confirmation. Thus, the two most sensitive
transitions 257-109 and 259-109 were selected for quantifica-

tion with acetonitrile was selected, although some matrix effects
still remained. To compensate this matrix effect, and because
of the absence of commercial available isotopic labeled trichlo-
rfon, a matrix-matched calibration was performed. The applica-
tion of this approach was feasible because of the availability of
nontreated samples (blank samples) coming from the same
orchard as treated samples. However, the direct injection of 20
uL of acetonitrile sample extracts produced a poor peak shape,
and a 4-fold dilution with water was necessary to improve the
chromatographic behavior. Because of the high sensitivity of
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Figure 3. LC-ESI-MS/MS chromatograms for (a) blank cauliflower sample, (b) standard (2.5 xg/L), and (c) cauliflower sample fortified at 0.05 mg/kg
with trichlorfon. Top, confirmation channel (g, 259—109); bottom, quantification channel (Q, 257—109).

Table 1. Recoveries and Relative Standard Deviations (RSD) at Two at the 0.05 mg/kg level. As expected, higher LODs were
Concentration Levels for Trichlorfon in Spiked Peel and Flesh Kaki obtained for peel kaki because of the lower sample amount
and Cauliflower (n = 5) processed in this method. However, despite using the same

amount of sample (20 g) for cauliflower and flesh kaki, the

level of fortification (mg/kg) LOD for caulifiower was higher, which indicates an upper

matrix 0.05 (RSD) 0.5 (RSD) LOD* (mglkg) ionization suppression produced by cauliflower matrix. Despite
caulifiower 83(3) 84(2) 0.013 this, the use of matrix-matched calibration compensated this
kaki peel 98 (4) 101 (6) 0.013 matrix effect, obtaining satisfactory results for both recoveries
kaki flesh 98 (7) 97 (3) 0.006

and precision.

The LOQ for the three studied matrixes was fixed to the
lowest fortification level tested, that is, 0.05 mg/kg, because
the method, the LOQ objective (0.05 mg/kg) was still achievable satisfactory recovery and adequate precision were obtained. In
despite the 4-fold dilution. The sample dilution presents this way, the reliable quantification at the 0.05 mg/kg level is
additional advantages such as the lower amount of matrix loadedclearly demonstrated, according to the European SANCO
in the column, the decrease of ionization suppression, and theguidelines (2829). The specificity of the procedure was also
compensation of possible variability between samples from evaluated, and no responses were detected for neither the
different origin or variety. This last advantage can be of great procedure blank nor the peel and flesh kaki fruit or cauliflower
importance when no ideal blank samples are available, assample blank. Therefore, the method was formally specific.
reported for fosetyl-aluminum in lettuce from different origin Typical LC—MS/MS chromatograms of standard solutions
and variety (17). and sample extracts (blank and fortified at 0.05 mg/kg) are

Finally, mobile phase additives such as formic acid or shown inFigure 3. They were obtained after direct injection
ammonium acetate were tested to improve the trichlorfon of the 4-fold diluted sample extract. As can be seen, the total
response, but not increase was observed. So, a water/methanalhromatographic run was 15 min; the high sensitivity of the
gradient was optimized using a short Discovenryg €olumn. method using the selected transitions allows the quantification
The retention time of trichlorfon under these conditions was and confirmation of trichlorfon at the LOQ level witp/q ratios
around 11.2 min, which allowed one to select a solvent delay close to 1. The absence of any peak in the blank sample at the
of 7.5 min, giving an additional cleanup step that avoided the expected retention time shows the specificity of the method.
overload of the interface with early-eluting interferences that  Stability of Samples. The stability study (se@able 2) in
could affect the analyte ionization. fortified diluted extracts was satisfactory at the temperatures

Validation Results. Calibration curves showed a good tested, obtaining recovery values between 84% and 120% (4
adjustment to a second-order equation between 0.5 and 250 ng?C) and 89% and 131%+18 °C) over 2 months. On the other
mL, with a correlation coefficient higher than 0.995 in all cases, hand, the stability study in homogenized (triturated) fortified
and residuals lower than 28%. samples stored at18 °C was also successful, with recovery

The method presented satisfactory recoveries and excellentvalues between 95% and 107% after 1 year of storage. Thus,
precision (Table 1) with average recoveries between 83% and the stability of trichlorfon in frozen samples and in refrigerated
101%, for the two levels assayed in peel and flesh kaki fruit extracts was demonstrated, during at least 1 year and 2 months,
and cauliflower, and RSD always lower than 7%. respectively.

LODs of 0.013 mg/kg for peel kaki and cauliflower and 0.006  Application of the Method to Field Samples.The method
mg/kg for flesh kaki were estimated from the chromatograms developed was applied, over 2 years, to 216 samples: 72 from

@ Limits of detection (LOD).
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Table 2. Sample Stability under Storage
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fortified extract
0.5 mg/kg (n=13)

fortified sample
0.5mg/kg (n=4)

temperature
storage: 4°C -18°C -18°C
analysis time
(days): 6 15 60 6 15 60 365
cauliflower 99 (7)2 97 (8) 88 (7) 99 (6) 104 (5) 108 (6) 96 (6)
kaki peel 84 (6) 93(9) 99 (3) 89 (6) 95 (8) 102 (7) 95 (8)
kaki flesh 101 (12) 120 (11) 106 (1) 113 (6) 119 (3) 131(7) 107 (9)
@ Mean recovery (%) and RSD (%) in brackets.
Kaki Degradation Curves Cauliflower Degradation Curve
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Figure 4. Degradation curves for trichlorfon in kaki fruit and cauliflower.

Table 3. Robustness and Reproducibility of the Method over 2 Years
of Analysis?

matrix QC (0.05 mglkg) n QC (0.5 mgl/kg) n
cauliflower 84 (8) 24 84 (3) 24
kaki peel 106 (20) 14 93(7) 18
kaki flesh 82 (18) 17 89 (12) 18

@Recoveries (%) and relative standard deviations (RSD %) for quality control
samples (QC) analyzed in every type of sample matrix.

each matrix (peel and flesh of kaki fruit and cauliflower). In
every set of samples analyzed (typically-& samples), two
quality controls (QCs) were included (one at the LOQ level
and the other at the 20.0Q level), obtaining average recover-
ies between 82% and 106%4dble 3). Up to 115 QCs were
analyzed during the 2 years period, obtaining a RSR20%
(0.05 mg/kg) and RSD= 12% (0.5 mg/kg). These data

demonstrate the robustness of the method and the reproducibilit)P

over a wide range of time.
Trichlorfon was not detected in any blank sample, while

treated samples presented different concentration levels accor

ing to the collection day after last application (DALA) and
sample type. As-igure 4 shows, 10 days after application the
trichlorfon level in kaki peel decreased down to 30% of the

Time (days)

Regarding confirmation of positive samples, in all analyses
performed, both standards in solvent and spiked blank samples
showed Q/q ratios within the expected tolerance (ion ratio
around 1 with deviation lower than 15%), using the transition
257—109 for quantification and 259109 for confirmation. All
positive real samples were confirmed, obtaining ion ratio
deviations lower than 6%, as can be seerfrigure 5 where
the Q/q ratios obtained were 1.04 and 1.05. No false positives
were found in any of the samples. As a summaahle 4 shows
the average deviations f@/q ratios in the samples and QC
from each matrix type.

It is interesting to point out the occurrence of an additional
peak at a retention time close to the analye(re 5). This
peak might reveal either the existence of other compounds in
the test substance applied or a trichlorfon transformation product,
as it was present in all treated sample analyzed. However, this
eak was not detected either in blank samples or in the QCs.
This compound has to be isobaric with trichlorfon and possibly
structural isomeric, as it shares both selected transitions with

d_similar ion ratios. Thus, the similar intensity of both selected

transitions suggested the presence of three chlorine atoms in
the molecule. Different potential structures for this compound
are proposed irFigure 6. Jimenez et al.6) also found an

initial concentration at day 0, while kaki flesh showed a smooth nterference in trichlorfon analysis, which was elucidated as
increase in trichlorfon concentration, and a subsequent decreas€®mpound C or D ofFigure 6 according to its GEMS
after 7 days. The caulifiower degradation curve shows a notableP€havior. In the present work, the concentration of this interfer-

decrease in pesticide concentration after52days of the

ence increased over time; meanwhile, trichlorfon concentration

application. These data show the behavior of trichlorfon in decreased according to DALA. This fact supports the hypothesis
treated field samples under Mediterranean conditions. Obviously, that the unknown compound is an isomeric transformation
pesticide residue levels in fruit depend on many variables suchProduct from trichlorfon. The detection of a small peak in the
as application rate and collection day after last application, but treated samples at 0 DALA suggests that this compound could
also climate, variety of fruit, environmental conditions, and be also present at small concentration in the test substance
fertilization regimeFigure 5 shows the chromatograms obtained applied in the residue trials.

for several samples of peel kaki collected at different times and  The presence of this isobaric interference reveals an important
illustrates the decrease in the concentration of trichlorfon over fact that, when using LC coupled to tandem MS, is normally
time. underestimated: the possibility of finding an interference that
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Figure 5. LC—ESI-MS/MS chromatograms for peel kaki samples: (a) sample

collected at 2 DALA (11.6 mg/kg), (b) sample collected at 5 DALA (5.5

mg/kg), and (c) sample collected at 10 DALA (3.0 mg/kg). Top, confirmation channel (g, 259—109); bottom, quantification channel (Q, 257—109).

Table 4. Confirmation of Trichlorfon in Samples?

QC QC samples samples
matrix (0.05mg/kg)  (0.5mglkg)  (0.05-0.5mglkg) (0.5 mg/kg)
cauliflower 49 31 37 33
kaki peel 6.2 2.8 29 3.8
kaki flesh 45 2.6 3.4 15

@ Average Q/q ratio deviations (%) for QC and samples analyzed that contained
trichlorfon at different ranges of concentrations.

C. OH c. H
H OCH HO OCH;
a ﬁ\OCHg a ﬁ’\OCH3
a0 ¢ o
A B
cl cl
ci y !
i o\P _oCH, o\P _OCH;
I “~OCH; Il “~OCHj;
H H ¢ 0
C D

Figure 6. Proposed structures for the interference peak observed in the
determination of trichlorfon.

shares with the analyte both the quantification and the confirma-
tion transitions, with the same ion ratio. This fact is not frequent
at all, but certainly illustrates the importance of an efficient
chromatographic separation to avoid the reporting of false
positives. In the case that both peaks were not correctly resolved
the interference would be reported as trichlorfon as all of the
confirmation parameters (retention time and ion ratio for two
selected transitions) would fit with those previously established
as confirmation criteria.
Conclusion. This work has shown that LEESI-MS/MS is

a powerful analytical technique that allows the rapid and reliable
determination of trichlorfon residues in kaki and cauliflower
samples. The high selectivity and sensitivity of LC—MS/MS

allows the direct injection of the diluted sample extract,
achieving a detection limit 50 times (cauliflower and peel kaki)
and 100 times (flesh kaki) lower than the MRL in these crops.
A methanol:water gradient separation using a Discovery C18
column permits a correct separation between the analyte and
one isobaric interference that shared the same MS/MS transi-
tions. Matrix-matched standard calibration together with a 4-fold
dilution of the extracts compensated and minimized the matrix
effect observed that produced ionization suppression. The
method was validated at the 0.05 and 0.5 mg/kg levels, and its
applicability was checked by analysis of a large number of field
samples over 2 years, demonstrating its speediness and robust-
ness, and suitability for routine analysis of trichlorfon in
vegetable samples.
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