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Abstract

A method based on solid-phase extraction (SPE) and high-performance liquid chromatography (HPLC) was developed for the simultaneous
determination of 3-(3,5-diclorophenyl)-5-ethenyl-5-methyl-2,4-oxazolidinedione (vinclozolin) and 3-(3,5-diclorophenyl)-N-(1-methylethyl)-2,4-
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ioxo-1-imidazolidinecarboxamide (iprodione) in human urine. Urine samples containing vinclozolin and iprodione were collected by s
xtraction using C18 cartridges. The chromatographic separation was achieved on a Spherisorb ODS2 (250 mm× 4.6 mm, 5�m) column with an

socratic mobile phase of acetonitrile–water (60:40, v/v). Detection was UV absorbance at 220 nm. The calibration graphs were line
o 1000 ng/mL for the two fungicides. Intra- and inter-day R.S.D. did not exceed 2.9%. The quantitation limit was 50 ng/mL for vincloz
0 ng/mL for iprodione, respectively.
2005 Published by Elsevier B.V.
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. Introduction

Vinclozolin or 3-(3,5-diclorophenyl)-5-ethenyl-5-methyl-2,
-oxazolidinedione (Fig. 1a) and iprodione or 3-(3,5-diclor-
phenyl)-N-(1-methylethyl)-2,4-dioxo-1-imidazolidinecarbox-
mide (Fig. 1b) are two agrochemical fungicides widely used in
griculture[1–3] for the control of fungal diseases in a variety
f vegetables and fruits in Italy 1981. Even low-level exposures
ay be associated with adverse health effects such as endocrine
isruption, chemical sensitivity, and cancer[4]. Vinclozolin,

or instance, is a proven endocrine disruptor[5,6] causing anti-
ndrogenic effects. Following prenatal and perinatal exposure

o low doses of vinclozolin, male rats developed sex organ
hanges including retained nipples, reduced ejaculated sperm
umbers, and reduced ventral prostate weight[7,8]. Young male
ats exposed to vinclozolin showed delayed puberty[9]. These
nti-androgen effects are caused by two of its metabolites,
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which are able to bind to the androgen receptor and bloc
activity [10,11]. Due to the fact that vinclozolin was found
develop tumours in animal experiments, its genotoxicity is
discussed[12–15]. Moreover iprodione is an anti-androg
with anti-maleness properties similar to vinclozolin. It is a
to block androgen binding to the human androgen rece
Male offspring of rats exposed to iprodione e during pregn
and early lactation showed a range or reproductive deform
such as permanent nipples and malformed penises[15]. The
growing toxicological concern over vinclozolin and iprodio
have prompted studies on analytical techniques for b
monitoring these pesticides in agricultural products. Meth
used to analyse fungicides and their residues are simil
those used for other pesticides. Gas chromatography
is a classical method, and presently GC–MS is often
[16–19] and liquid chromatography (LC) is more wide
recommended for thermally and unstable labile compou
usually in conjunction with UV, fluorimetric detection or w
a mass spectrometry system[20–28]. Rodriguez et al. hav
developed a micellar electrokinetic capillary chromatogra
method for the simultaneous determination several res
570-0232/$ – see front matter © 2005 Published by Elsevier B.V.
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Fig. 1. Chemical structures of vinclozolin (a), iprodione (b) and internal standard
(c).

of fungicides from vegetables[29]. The determination of
vinclozolin metabolites has also been achieved in human
urine by HPLC with electrochemical detection[30]. So far no
method available, for the simultaneous determination of these
xenobiotics in biological fluids, has been described. The aim
of the present work was to develop and validated an analytica
methods for the determination vinclozolin and iprodione in
human urine of greenhouse operators.

2. Experimental

2.1. Chemicals and materials

Iprodione, vinclozolin and procymidone (internal standard;
Fig. 1c) were purchased by Dr. Ehrenstorfer GmbH. The purity
of the supplied iprodione, vinclozolin and procymidone were
confirmed to be 99.5% by HPLC analysis. Acetonitrile (HPLC
grade) was obtained from Carlo Erba Reagenti (Milan, Italy).
Methanol, chloroform, all analytical-grade reagents were pur-
chased from Fluka Chemika-BioChemika (Buchs, Switzerland)
Water (HPLC grade) was obtained by passage through th
ELIX 3 and Milli-Q Academic water purification systems (Mil-
lipore, Bedford, MA, USA). Octadecyl 200 mg Isolute car-
tridges from Argonaut (Stepbio, Bologna, Italy) were used for
SPE.

2.2. Standard solutions and samples

Stock solutions of vinclozolin, iprodione and procymidone
(internal standard) were prepared by dissolving 10 mg of each
compound in 10 mL of acetonitrile. These solutions could be
stored at−20◦C for over one month no evidence of decompo-
sition. Standard solutions, each containing the three pesticides,
were obtained by diluting the stock solutions with blank urine
in the range 10–1000 ng/mL. For each solution the internal stan-
dard was added at a constant level of 100�L of a 100�g/mL
acetonitrile solution. These standards were treated concurrently
in the same manner as the samples to be analysed. Calibra-
tion graphs were obtained by plotting the peak-area ratios of
vinclozolin or iprodione to internal standard against the drug
concentrations obtained after extraction.

2.3. Equipment

HPLC analysis was carried out using a chromatographic sys-
tem composed of the following: a model 515 pump and a model
996 diode array detector (Waters, Milford, MA, USA). A model
7725i sample injector (Rheodyne, Cotati, CA, USA) equipped
with a 20�L loop was used. Chromatographic data management
was automated using a software Millennium32 (Waters, Milford,
MA, USA).

The analysis was performed on an analytical 250 mm×
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.6 mm i.d. reversed-phase Spherisorb ODS2 5�m particle
ize) column (Waters, Milford, MA, USA), protected by
0 mm× 4.6 mm i.d. (40�m particle size) disposable Pelligua
recolumn (Supelco, Bellefonte, PA, USA). The mobile ph
onsisted of a mixture of acetonitrile and water (60:40, v
ater prior to use was filtered through WCN 0.45�m filter,
hile acetonitrile through WTP 0.5�m filter (Whatmann, Ltd.
aidstone UK). The mobile phase was prepared daily, dega
sing an in-line degasser (Waters, Milford, MA, USA) a
elivered at a flow rate of 1.0 mL/ min. Column eluate was m

tored at 220 nm. All measurements were carried out at r
emperature.

.4. Urine collection and storage

Urine samples from human volunteers were collected
ept frozen at−20◦ until use. After the urine samples had b
hawed, they were shaken for homogenisation. The req
olume was then sampled as quickly as possible to avoid
entation of any solids.

.5. Sample preparation

Samples were thawed just before the extraction proce
horoughly agitated and centrifuged at 1000× g for 10 min. The
solute cartridges, mentioned above, were placed in a lue
tted the top of the Supelco vacuum manifold, which may
oaded with up to 12 cartridges. A vacuum of 250–500 Torr
pplied to the manifold to carry out the various steps of
xtraction. A 5.0 mL chloroform–methanol mixture (9:1, v
inse followed by 5 mL of methanol served to desorb any org
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impurities from the cartridges and to wet the silica packing
before introducing of the urine samples. One hundred micro-
liters of internal standard added to 20 mL of urine were passed
through the cartridge, followed by 10 mL of water. The effluent
was discarded. Three milliliters of chloroform–methanol mix-
ture (9:1, v/v) were then applied to the cartridge and the eluate
collected. This fraction was finally centrifuged, transferred to
a new tube and evaporated to dryness with a nitrogen stream
under vacuum utilizing the Supelco Drying Attachment. After
reconstitution of the residue with 500�L of mobile phase, the
sample was mixed on a vortex agitator filtered using filter with
pore size of 0.22�m and 20�L was injected into the HPLC
system.

3. Result and discussion

A series of studies were conducted in our laboratory in order
to develop a convenient and easy-to-use method for quantitative
analysis of iprodione and vinclozolin. Several high-performance
liquid chromatography (HPLC) method variables with respect
to their effect on the separation of iprodione, vinclozolin and
internal standard from the matrix were investigated. In our exten-
sive preliminary experiments a set of column packing including
C8, C18, and SymmetryShield with different lengths and par-
ticle size was tested. The final choice of the stationary phase
giving satisfactory peak shape, resolution and run time was a
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Fig. 2. Typical chromatograms of human urine samples after extraction: (A)
blank human urine; (B) blank human urine spiked with iprodione (50 ng mL−1),
internal standard (30 ng mL−1), and vinclozolin (200 ng mL−1).

(n = 5). The extraction recoveries of iprodione and vinclozolin
in human urine were 89± 1.6 and 96± 2.5%.

Typical chromatograms of the blank human urine (A) and
urine sample spiked with iprodione, vinclozolin and internal
standard (B) are shown inFig. 2A and B, respectively .The elu-
tion peaks do not show any interferences deriving from other
human urine components and are characterized by retention
times of 8.8 (iprodione), 9.2 (internal standard) and 10.5 (vinclo-
zolin) min. Typical chromatograms of the human samples urine
obtained from greenhouse operators are shown inFig. 3C and
D.

Figs. 2 and 3illustrates representative chromatograms of a
blank human urine, blank human urine spiked with vinclozolin
and iprodione, and human urine samples obtained from green-
house operators. The selectivity of the assay was determined
by analysis of blank human urine from seven different subjects,
with e without internal standard. Under these chromatographic
conditions no endogenous sources of interference were observed
in human urine, and the resolution between vinclozolin and ipro-
dione was satisfactory (Fig. 2).

The detection limit (LOD) for each fungicide was determined
with spiked samples analysis at a signal-to-noise of three after
the SPE extraction. The estimated limit of detection for iprodi-
one and vinclozolin was 10 ng/mL. The limit of quantification
was defined as the lowest amount detectable with a precision
of less than 15% (n = 3) and an accuracy of± 15% (n = 3). The
l re
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t
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pherisorb ODS2 80̊A (250 mm× 4.6 mm i.d.; 5�m particle
ize). Also, a series of aqueous mobile phase containing
erent modifiers including acetonitrile, methanol with differ
ractions were tested. The elution was monitored in the w
V region and the wavelength of 220 nm exhibited the
etection. The amount of organic modifier present in the m
hase influences analytes that are retained predominan
dsorption onto the stationary phase. The optimal amou
rganic modifier that should be used for the separation of ip
ne, vinclozolin and internal standard (good separation bet

hree peaks, short time of analysis) can be obtained when th
entage of acetonitrile in the mobile phase is 60%. From t
ata it was determined that mobile phase consisted of 40%
nd 60% acetonitrile would provide good retention for iprod
inclozolin and internal standard as well as acceptable run
f less than 12 min for the separation. In addition different

ridges for solid phase extraction (Isolute C18 and Isolute 101
ere tested in order to obtain satisfactory values for recove

prodione, vinclozolin and internal standard were obtained w
uman urine were extracted with Octadecyl Isolute cartrid
hen solid-phase extraction with Octadecyl Isolute cartr
as used for sample preparation, values for recovery for
ione, vinclozolin and internal standard ranged from 89± 1.6

o 96± 2.5%. On other hand, when solid-phase extraction
erformed on Isolute 101 cartridges, values for recovery ra

rom 67.8 to 70.4% for xenobiotics.
Recoveries of vinclozolin and iprodione from spiked sam

ere calculated by comparing the peak area of human urine
tandards at low medium and high concentration levels, and
itted to the sample preparation procedure; with those obt

rom the analysis of corresponding directly-injected stand
h
-

d

imit of quantification (LOQ) for vinclozolin and iprodione we
0 ng/mL for vinclozolin and 30 ng/mL for iprodione, resp

ively.
Calibration curves for HPLC analysis were obtained by p

ing the peak-area ratio of each analyte to internal stan



G. Carlucci et al. / J. Chromatogr. B 828 (2005) 108–112 111

Fig. 3. Chromatograms of human urine samples of two greenhouse operators
after extraction. (C) after applications of iprodione and (D) vinclozolin, respec-
tively. The concentration calculated are (42.5 ng mL−1) and (64.4 ng mL−1) for
iprodione and vinclozolin.

versus its concentration. The equations, obtained through regre
sional analysis of data for the above standard solutions (eac
datum average of a minimum of five determinations) were: for
iprodioney = 74494x − 743.32 (r = 0.9986) and for vinclozolin
y = 49992x − 132.73 (r = 0.9972), wherey is the peak-area ratio
in the arbitrary units of the detector used andx is the analyte
concentration (ng/mL). The accuracy of the assay method wa
defined as the percentage of the systematic error, which is calcu
lated as the standardised agreement between the measured va
and the true value. To be acceptable, the measures should
within ±15% at all concentrations. The accuracy values in intra-
day variation studies at low, medium and high concentrations fo
vinclozolin and iprodione in human urine were into acceptable
limits (Table 1). The precision of a method is expressed as the
relative standard deviation (R.S.D.) of replicate measurements
To be acceptable, the measures should be within±15% at all
concentrations. In this work precision of the method was tested
by both intra- and inter-day reproducibilities in human urine.

3.1. Intra-day variability of the assay

The intra-day variability of the assay was determined by
repeated analysis of quality control samples at low, medium
and high concentrations on the same day. Results are shown in
Table 2. These data indicate that the assay method is reproducible
within the same day.

3.2. Inter-day variability of the assay

The inter-day variability of the assay was determined by
repeated analysis of quality control samples at low, medium and
high concentrations on three different days. The quality control
samples were prepared as a single batch on the same day at each
concentration, and then divided into aliquots that were stored at
−20◦C until analysis. Results are showed inTable 2. These data
indicate that the assay method is reproducible within different
days.

Figs. 2 and 3illustrates representative chromatograms of a
blank human urine, blank human urine spiked with vinclozolin
and iprodione, and human urine samples obtained from green-
house operators. The elution peaks are lacking in interferences
deriving from other human urine components and are character-
ized by retention times of 8.8 (iprodione), 9.2 (internal standard)
and 10.5 (vinclozolin) min.
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Table 1
Accuracy of HPLC method for determining vinclozolin and iprodione in human

Concentration added (ng/mL) Vinclozolin

Concentration found
(mean± S.D.) (ng/mL)

Ac

50 48.6± 0.5 −2
−2
−0
500 489.1± 0.9
1000 997.6± 0.8

n = 5; S.D.: standard deviation.
s-
h

s
-
lue
be

r

.

The optimisation of the analytical procedure has been
ied out by varying the following: reversed-phase column u
obile phase composition, flow rate and wavelength. The d
f reproducibility of the results, obtained through small deli
te variations in method parameters changing instrument
perators, has been very satisfactory. In fact, the perce
ecovery for iprodione and vinclozolin was acceptable u
ost conditions and did not show any significant change w

he critical parameters were modified. The tailing factor
inclozolin and iprodione was always less than 1.4 and the
onents were well separated under all the changes. Consi

he modifications in the system suitability parameters and
pecificity of the method, as well as carrying the experime
t room temperature would conclude that the method co

ions are robust. The solid-phase extraction procedure elimi
ndogenous interference, which is frequently present in

ogical sample. The filtration of extracts before injection o
hromatographic column avoids rapid obstruction of the
olumn, increasing its life. The main advantage of this me
n comparison with previous papers report in literature[28,29]
s the rapid SPE procedure for the preparation of the biolo

urine samples

Iprodione

curacy (%) Concentration found
(mean± S.D.) (ng/mL)

Accuracy (%)

.8 49.3± 1.2 −1.4

.1 497.8± 0.4 −0.4

.2 996.8± 0.8 −0.3
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Table 2
Intra- and Inter-day variability of HPLC method for determining vinclozolin and iprodione in human urine samples

Concentration added (ng/mL) Vinclozolin urine samples Iprodione urine samples

Concentration found
(mean± S.D.) (ng/mL)

R.S.D. (%) Concentration found
(mean± S.D.) (ng/mL)

R.S.D. (%)

Intra-day
50 48.9± 0.8 1.6 48.3± 0.6 1.2

500 497.2± 0.6 0.1 497.6± 0.7 0.1
1000 996.5± 0.9 0.1 998.7± 0.6 0.1

Inter-day
50 48.9± 1.4 2.9 48.2± 1.4 2.9

500 497.2± 0.8 0.2 490.8± 0.9 0.2
1000 995.5± 0.5 0.1 998.1± 0.8 0.1

n = 5; R.S.D.: relative standard deviation (%); S.D.: standard deviation.

sample, which gives high extraction yields. The proposed HPLC
method employing solid-phase extraction for sample prepara-
tion is simple and convenient for the determination of iprodione
and vinclozolin in urine samples. The typical assay time is about
12 min. The relatively short retention time of iprodione and vin-
clozolin in our technique allows the analysis of a large number
of samples in a short time. The proposed method is simply,
rapid and provides efficient clean up of the complex biological
matrix and high recovery of iprodione, vinclozolin and inter-
nal standard. In conclusion, the developed HPLC method with
UV detection shows a good sensitivity and selectivity, and is
suitable for reliable determination of iprodione, vinclozolin in
human urine of greenhouse operators. The HPLC assay method
presented here, is sensitive, specific and robust and should be
of value for the quantification of iprodione and vinclozolin in
human urine of greenhouse operators.
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