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Abstract

Liquid chromatography (LC) with diode array ultraviolet absorbance (DAD UV) detection is used for the simultaneous determination of
the fungicide maneb and its main metabolites (ethylenethiourea—ETU, ethylenebis (isothiocyanate) sulfide—EBIS, and ethyleneurea—EU)
in tomatoes. The identity of EBIS, one of the main UV degradation products of maneb, was verified by both DAD UV detection and mass
spectrometry. The analytes were extracted three times with 3 mL of 1:1:1 acetonitrile—dichloromethane—chloroform by 2 min of mechanical
shaking and separated on a C-18 column by gradient elution with an acetonitrile—methanol-aqueous 100 mM sodium dodecylsulfate (SDS)
mixture. The quantification limits of 0.45, 0.04, and 0.35 mgkgbtained for maneb, ETU, and EU, respectively, show that the proposed
method is suitable for their determination in tomatoes.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction complexity of simultaneous extraction is due to the dif-
ferent polarity of the metabolites with respect to maneb,
Maneb is an ethylene bisdithiocarbamate fungicide as well as to the instability of the latter during extraction.
(EBDC) used in agriculture for the control of early and late The majority of reported methods for determining EBDCs
blights in potatoes and tomatoes, as well as many otherare based on the quantification of carbon disulfifle8]
diseases in fruits, vegetables, field crops and ornamentalor ethylenediamine using different techniqyés11]. Sev-
plants[1]. The toxic effects of EBDCs are usually associ- eral attempts have been made to analyze EBDCs by liquid
ated with ethylenethiourea (ETU) and ethylenebis (isoth- chromatography (LC) using UY6,12,13] electrochemical
iocyanate) sulfide (EBIS), the main metabolites of their [14], and, more recently, mass spectrometry detedidk
hydrolysis and photolysis. Ethyleneurea (EU) and glycine However, all these methods require derivatization steps, and
are degradation products of EBDCs, ETU, and ER2E most of them are insufficiently specific to distinguish be-
ETU is known to have thyreotoxic, teratogenic, and car- tween residues of individual EBDCs. LC techniques cou-
cinogenic effects and EBIS causes peripheral paralysis andpled with UV[16—19] MS[20] or electrochemical detection
thyroid dysfunction in rat$3,4]. [21,22] have been reported for ETU determination. Aprea
There is an increasing interest in developing analytical et al. [23] have individually determined maneb and ETU
methods for simultaneous determination of the amount of using gas and liquid chromatography, respectively. How-
the fungicide and its metabolites in a single assay. The ever, there are no reliable methods for EU or EBIS de-
spite the high toxic properties of the latter (no standards of
mspondmg author. Tels34 91 398 72 84; EBIS are available). Thus, the m.ain aim of _this investiga-
fax: +34 91 398 83 70. tion was to develop a simple, rapid and precise LC method
E-mail addresspfhernando@ccia.uned.es (P. Fardez-Hernando). for the simultaneous extraction, separation, identification
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and quantification of maneb and its degradation products in before extraction to allow the solution to penetrate the test
tomatoes. material.

2.4. Sample extraction
2. Materials and methods
_ Raw tomatoes were finely chopped using a knife.
2.1. Chemicals and solvents One gram subsamples were then transferred into a glass

_ _ beaker. The analytes were extracted in 3mL of 1:1:1
Solid stock standards of ETU and EU were obtained from acetonitrile—dichloromethane—chloroform by 2min  of

Sigma—Aldrich (Steinheim, Germany). Maneb was obtained
from Riedel-de-Héen (Seelze, Germany). EBIS solution was
obtained from the degradation of maneb in a 1:1 deionized
water—acetonitrile solution using a UV lamp (CN-6T Vilber () H 5
Lourmat, France) at a wavelength of 312 nm. The identity ; /<
of the product was confirmed by elemental chromatographic \\/
analysis and mass spectrometry. Analytical grade sodium }

dodecylsulfate (SDS) was purchased from Merck (Darm-
stadt, Germany). Acetonitrile, chloroform, dichloromethane
and methanol supergradient HPLC grade were also ob-
tained from Sigma-Aldrich. All reagents used were of
analytical grade or better. Deionized water was obtained
using a Milli-Q water system (Millipore Ibérica, Madrid,
Spain).

A=232 nm

S
)
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2.2. Instrumentation

H . . - (B) NH—CH; — CH,— NH
' Expenments were.performed using an HP 1050 Series |/s\ /s\l
liquid chromatographic system (Hewlett Packard, Palo Alto, 1 92=280 nm AN
CA, USA) equipped with a quaternary pump, a column /<\5\
compartment, a vacuum degasser and a diode-array detec- - NN 4
tor. The instrument control and data processing utilities in- L/

cluded Hewlett PackardHEMSTATION software (Hewlett y
Packard). The stainless steel analytical column used was
packed with LiChrosorb RP-18Em (25cmx 9.6 mmi.d.)

from Supelco (Bellefonte, PA, USA). Samples were injected L
through a sample injection valve (Rheodine Inc., Model
7725; Hewlett Packard) fitted with a 2Q. loop.

[\

2.3. Preparations of standards and of spiked tomatoes o | (a)
Standard stock solutions of maneb (250 mg) were
prepared by dissolving 12.5mg of the fungicide in 50 mL
of acetonitrile. Standard stock solutions of ETU and EU
(1000 mg L) were prepared by dissolving 10 mg of each
analyte in 10 mL of acetonitrile. The EBIS solution con-
centration (approximately 7.4mgHt) was calculated as
the difference between the total amount of maneb and the
rest of the degradation compounds (ETU and EU) after
UV degradation of a 25mgt! maneb solution in 1:1
water—acetonitrile. Solutions were stored in amber glass - y - -
bottles at —20°C in the dark. Working solutions were ' T min
prepared daily in ultrapure Milli-Q water by appropriate
dilution. For recovery determinations, some samples were Fig. 1. Chromat.ograms obtained at optimum'conditions corresponding to:
. . . . . (A) standard mixture of maneb and metabolites at 232nm: (1) ETU, (2)
Splked with S0QuL of diluted St.andard SO|Ut!0nS Coma'”'”Q EBIS, (3) EU; (B) standard mixture of maneb and metabolites at 280 nm:
all compounds and homogenized by shaking. These spiked2) esis, (4) maneb; (C) blank tomato extract (a) and tomato sample
samples were maintained at room temperature for 30 min spiked with maneb and metabolites (b).

1A=232 nm
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mechanical shaking. The suspension was filtered through3. Results and discussion

filter paper into a Bichner funnel and rinsed with 2 mL of
the extractant. Two milliliters of methanol were then added

3.1. LC separation and identification

to the filtrate and the mixture evaporated to dryness under a

gentle stream of argon at room temperature. This extraction

Optimization of elution gradient programs using both

procedure was repeated three times. Finally, the residuesbinary and ternary mixtures of acetonitrile, methanol, and

were redissolved in 500L of 1:1 water—acetonitrile
and filtered through a Millipore 0.4om nylon syringe
filter (Whatman International, Maidstone, England) be-
fore being directly injected into the chromatographic
system.

2.5. LC-DAD UV analysis

Analyte separation was performed by gradient elution
at a flow rate of 1 mLmint. The initial conditions were
95% 100mM SDS in aqueous solution plus 5% acetoni-
trile isocratic for 5min followed by a linear gradient to
30% 100mM SDS in aqueous solution, 33% methanol
and 37% ACN within 1 min, and a postrun time of 5min.

SDS (0—-100 mM) in aqueous solution was carried out. SDS
increased the sensitivity of the method and improved the de-
tection limit (DL) of maneb up to five-fold<€0.2 mg L™1).
Under the optimized conditions given iBection 2.5
separation of ETU, EBIS and maneb was achieved, but EU
coeluted with maneb. Due to the different spectra of both
analytes, their individual quantification at 232 nm (EU) and
280 nm (maneb) was possiblEig. 1A and B. The pres-
ence of EBIS was confirmed by monitoring the iomé

177 (molecular iorM + HT) and 179 ¥ + H™ + 2) using
LC—ESI-MS in positive modeHg. 2).

3.2. Sample extraction

Quantitative measurements of peak areas by LC-UV Preliminary tests were performed with 2mL of spiked
were usually carried out at 232nm (ETU, EBIS, EU) and distilled water. Several extractants, dichloromethane, chlo-
280 nm (maneb), but other wavelengths were occasionallyroform, acetonitrile and methanol, were tested. Results

used.

obtained with methanol were unsatisfactory. Therefore,
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Fig. 2. Identification of EBIS verified by electron mass impact mass spectrometry and UV spectrum. The chromatographic system consisted of an

Esquire-LC 00126 Bruker (Bremen, Germany) ion trap mass spectrometer coupled to LC equipment by an electrospray ionization (ESI) interface.
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Table 1

Analytical characteristics of maneb and metabolites from spiked tomatoes

Compound Concentration range (mg4) Regression equation R2 R.S.D? (%) LOQ (mgkg™)
Maneb 0.1-5.0 y =72.3% — 5.66 0.9993 4.9 0.45

ETU 0.025-5 y =251.1% — 2.84 0.9997 3.8 0.040

EU 0.1-3.0 y =97.6X% — 6.54 0.9990 6.2 0.35

a For concentrations of 0.2, 0.3 and 0.2 mgtLfor maneb, ETU, and EU, respectively & 3).

dichloromethane, chloroform and acetonitrile were individ- vent volume ratio were optimized using 1 g of sample and
ually tested with spiked tomatoes. 2-10mL of dichloromethane; 3 mL provided the best recov-
Mechanical and ultrasonic assisted modes of extraction eries and this volume was used in further work.
were tested. Around 1-2 min of mechanical shaking were In order to improve the recoveries from tomatoes, exper-
required to achieve the highest recoveries for all analytes, asiments were performed with a mixture of dichloromethane,
is shown inFig. 3. Ultrasonic irradiation led to an important  chloroform and acetonitrile. To determine the optimum
reduction in the amounts extracted in all cases, but espe-proportion of each, a central composite design was fol-
cially of maneb and EU (recoveries lower than 10%). This lowed, with a total volume of solvent of 3mL, a sample
was probably due to the decomposition of dichloromethane weight of 1 g and a shaking time of 2 min, which left only
with ultrasonic irradiation and long mechanical shaking. the volume of the three solvents to be optimized. The re-
This behavior has already been reported by several authorsults showed that the region of maximum recovery was
[24,25] who suggest that unsaturated non-aromatic com- in the range of 1-1.4mL of acetonitrile, and 0.8—1mL
pounds react with radicals formed during the decomposition of dichloromethane and chloroform for ETU and maneb;
of dichloromethane. Therefore, mechanical shaking was se-similar behaviour was observed for EBIS and EU. There-
lected for further experiments. The sample mass and sol-fore, a 1:1:1 acetonitrile—dichloromethane—chloroform mix-
ture was chosen for use with the tomatoes.

§ Dichloromethane e ETU 3.3. Analytical performance and application
< 100
g 80 — u +§B[S Calibration curves were obtained by plotting peak area
5 60 f\}*& —A— kU against concentrations of the spiked tomatoes (in triplicate).
g 40 N —, —%— Mancb Relevant data are summarized Table 1 which also in-
z 2 ~——— ¢ cludes the correlation coefficients and the precision of the
S o 2 A“ . method expressed as relative standard deviation (R.S.D.).
£ cnting (EinUEES) The quantificat.ion limits (LOQ) were calculated as the low-
est concentration where the R.S.D. was less than 5%. Tak-
° Acetonitrile S ing into account the proposed sample preparation, LOQs
2 100 ’ found to be 0.45, 0.040, and 0.35 mgkdgor maneb, ETU,
5w '\v<’/. —®—EBIS and EU, respectively, in tomatoeBig. 1C shows a chro-
§ 60 A NS —A—EU matogram of a tomato sample spiked at concentrations close
5 40 / ~ —>— Maneb to the LOQ. The maximum residue limit (MRL) estab-
:‘ 20 n//‘— Y lished by the European Union for maneb in tomatoes is
-0 ' ‘ 3mgkg ! (expressed as mgkgd of CS,), corresponding to
0 : L + 6 10 mg kg ! maneb equivaleri26]. The LOQs achieved by
{ shaking (inUtes) this method are comparable to MRL values, thus making
the method suitable for routine analysis of these analytes in
. Chloroform —e—FETU tomatoes.
;E} 122 —— - —&—EBIS In conclusion, a successful analytical method for simul-
S 0 A —A—EU taneous determination of maneb and its main metabolites,
S 40 4 N —>— Maneb ETU, EBIS, and EU in tomatoes at concentrations level
§ 20 i = lower than those required by current legislation is proposed.
2 ,
0 2 4 6
t shaking (MiNUteS) Acknowledgements

Fig. 3. Effect of shaking time on the extraction of analytes from spiked . . . . . .
tomatoes (0.1 mg kgt for ETU and 0.9 mgkg? for maneb and EU using ThIS prOJect_recelved f|nan(_:|al support _from th_e Nat|0_nal
different solvents rf = 2)). University of Distance Education (UNED) in Madrid (Spain)
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