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Abstract A novel approach for the determination of six
fungicides (triadimefon, procymidone, hexaconazole,
myclobutanil, diniconazole and iprodione) in fruit samples
is presented. Analytes were extracted using the dispersive
liquid-liquid microextraction technique and determined by
GC-ECD. Parameters affecting the dispersive liquid-liquid
microextraction performance, such as the kind and volume
of extraction and dispersive solvents, extraction time and
salt concentration, were studied and optimized. Under the
optimum extraction conditions, the linearities of the
method were obtained in the range of 0.5-20.0 pg kg~ for
triadimefon, hexaconazole, diniconazole and procymidone,
and 1.0-40.0 pg kg~ for myclobutanil and iprodione, with
the correlation coefficients ranging from 0.9902 to 0.9995.
The enrichment factors ranged from 685 to 820 and the
extraction recoveries ranged from 81.3 to 98.4%. The rel-
ative standard deviations varied from 3.1 to 7.8%. The
limits of detection of the method were in the range of
0.02-0.12 pg kg~'. Results showed that the method we
proposed can meet the requirements for the determination
of target fungicides in fruit samples. Several compounds
considered in this study were found in fruit samples.
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Introduction

Fungicides represent one of the most relevant groups of
pesticides applied to orchards. These compounds are
sprayed directly on fruit and leaves to prevent the attack of
fungi, which reduce the yield of fruit [1]. Some species of
fungicides have been widely used as fruit preservatives in
the storage and transport process. However, residues of
these compounds were believed to be one of the most
important pollution sources in food production and might
pose potential threat to public health. Thus, a simple, rapid
and sensitive method to evaluate and monitor these com-
pounds, at trace levels, in fruit matrices is required.
Sample preparation plays an important role in the field
of pesticide residue analysis. Solid phase extraction (SPE)
is the most common method of extracting fungicides and
renders high extraction yields [2, 3]. However, the SPE
technique is time-consuming, labor-intensive and expen-
sive. Solid phase microextraction (SPME) has been also
applied to the determination of fungicides [4—6]. Although
SPME normally provides a higher selectivity than SPE, the
matrix of sample reduces significantly its extraction effi-
ciency [7, 8]. These limitations are also common to stir-bar
sorptive extraction (SBSE), the applicability of which is
restricted to low polar fungicides, showing a high affinity
for the polydimethylsiloxane sorbent [9]. Some of these
drawbacks have been overcome by the dispersive liquid—
liquid microextraction (DLLME) technique, first intro-
duced by Assadi et al. [10]. This method consists of two
steps: (1) The first is the injection of an appropriate mixture
of extraction and disperser solvent into aqueous sample
containing analytes. In this step the extraction solvent was
dispersed into the aqueous sample as very fine droplets and
analytes were enriched into it. Because of the infinitely
large surface area between extraction solvent and aqueous
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sample, the equilibrium state was achieved quickly and
extraction was independent of time. (2) The second step is
the centrifugation of cloudy solution: After centrifugation,
the determination of analytes in sedimented phase can be
performed by instrumental analysis. Rapidity, high
enrichment factor, simplicity of operation and low cost are
some of the advantages of this method. Since its intro-
duction, DLLME has been used for the determination of
chlorobenzenes [11], chlorophenols [12], phenols [13],
organophosphorus and plasticizers [14], triazine herbicides
[15], amitriptyline and nortriptyline [16], polybrominated
diphenyl ethers [17], anilines [18] and halogenated organic
compounds [19] in liquid samples. To the best of our
knowledge, there were only three reports on extraction of
pesticides from fruit samples using DLLME procedure
[20-22].

However, none of the published papers have reported
the determination of fungicides in fruit samples by
DLLME. In this study, the selected fungicides (triadime-
fon, procymidone, hexaconazole, myclobutanil, dinico-
nazole and iprodione) were recommended by the Chinese
Agricultural Ministry and have been extensively applied to
fruits in mainland China. The aim of the present work was
to assess the suitability of DLLME coupled with GC-ECD
for the determination of these six fungicides in four kinds
of fruits. In addition, the effects of different parameters on
the efficiency of DLLME method were investigated.

Experimental Method
Standards and Reagents

Triadimefon, hexaconazole, myclobutanil, diniconazole,
procymidone and iprodione were supplied from the Agro-
Environmental Protection Institute of Ministry of Agri-
culture (Tianjin, China). The working standard solution
was prepared daily by appropriate dilution of the stock
solution. Carbon tetrachloride (CCly), tetrachloroethane
(C,H,Cly), chlorobenzene (C¢HsCl), chloroform (CHCI;),
acetonitrile, acetone and tetrahydrofuran were of HPLC
grade. Pear, strawberry, apple and grape samples were
purchased from local supermarkets.

Instrumentation

The instrumental analysis was conducted with an Agilent
Mode 6890N GC system equipped with electron capture
detection (ECD) system. Agilent Chemstation was used for
instrument control and data analysis. Analytes were sepa-
rated on an Agilent DB-1 type capillary column
(30 m x 0.32 mm i.d., df 0.25 pm, Agilent Technologies)
operated at a constant nitrogen flow of 0.8 mL min~". The
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oven temperature was programmed as follows: started at
120 °C, first ramp at 10 °C min~! until 200 °C, then ramp
at 0.5 °C min~"' to 210 °C, finally ramp at 5 °C min~' to
220 °C and held for 2 min. Injector and detector were set at
250 and 280 °C, respectively. The total analytical time was
32 min. The identification of the analytes was confirmed
based on the retention time.

Sample Preparation

As much as 200 g of fruit sample was homogenized by a
food processor. Then 20 g of previously homogenized
sample was weighed and transferred into centrifuge tubes.
After centrifugation for 5 min at 12,000 rpm, the supernate
was filtered through a 0.45-pm membrane into a 10-mL
volumetric flask with doubly distilled water to the volume
for the DLLME procedure.

DLLME Procedure

A 5.0-mL of fruit sample solution previously obtained was
placed in a 10-mL glass test tube with conical bottom, and
1% (w/v) of sodium chloride (NaCl) was added to the glass
tube. The organic solution containing 0.8 mL acetonitrile
as dispersive solvent and 14.0 pL C,H,Cl, as extraction
solvent was rapidly injected into the sample solution. Then
the sample was gently shaken for 30 s, and a cloudy
solution was formed in the test tube. In this step, the ana-
lytes in sample solution were extracted into the fine drop-
lets of C,H,Cly rapidly. In order to separate the organic
phase from the aqueous phase, the sample was centrifuged
for 5 min at 3,200 rpm. After this process, the dispersed
fine droplets of C;H,Cl, were sedimented at the bottom of
the test tube. The sedimented phase (6 £ 0.5 pL) was
transferred to a small sample vial and 1 pL of sedimented
phase was injected to GC for further instrument analysis.

Results and Discussion

Optimization of Dispersive Liquid—Liquid
Microextraction

The effects of various experimental parameters were
studied and optimized, including the kind and volume of
extraction and dispersive solvent, extraction time and salt
addition. To evaluate the extraction efficiency under dif-
ferent conditions, extraction recovery and enrichment fac-
tor were used. Equations 1 and 2 were used for calculation
of enrichment factor (EF) and extraction recovery (R).

Csed
EF = — 1
& (1)
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R=Cea X Ved g 2)
C() X V()

where Cgeq, Co, Vieq and Vy are the concentration of analyte

in sedimented phase, initial concentration of analyte in

aqueous sample, volume of sedimented phase and volume

of aqueous sample, respectively.

Selection of Extraction Solvent

Extraction solvents were selected on the basis of higher
density than water, extraction capability of interested
compounds, immiscibility with water but miscibility in the
dispersive solvent and good gas chromatography behavior.
Based on these considerations, CcHsCl, CCl,, C,H,Cl, and
CHCI; were selected as potential extraction solvents. A
series of sample solutions was tested by using 0.8 mL of
acetonitrile containing different volumes of extraction
solvent to achieve 10.0 pL. volume of sediment phase.
Thereby, 18.0, 25.0, 28.0 and 32.0 pL of C,H,Cl,, CCly,
C¢HsCl and CHCI; were used, respectively. As shown in
Fig. 1, C,H,Cl4 had the highest extraction efficiency in
comparison to the other tested solvents. Consequently,
C,H,Cl, was selected as the optimal extraction solvent.

Selection of Dispersive Solvent

Miscibility of dispersive solvent in organic phase and aque-
ous phase is the main point for selection of dispersive solvent.
Accordingly, acetonitrile, acetone, methanol and tetrahy-
drofuran were evaluated for this purpose. Figure 2 indicates
the enrichment factors using acetonitrile, acetone and tetra-
hydrofuran as dispersive solvents. According to the results,
acetonitrile was chosen as dispersive solvent in this work.
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Fig. 1 Effect of different extraction solvents on enrichment factors of
six fungicides obtained from DLLME. Extraction conditions: sample
volume, 5.0 mL; dispersive solvent (acetonitrile) volume, 0.8 mL;
sedimented phase volume, 10 £ 0.5 pL; concentration of each
pesticide, 2 ng mL~! for triadimefon, hexaconazole, diniconazole
and procymidone, and 4 ng mL ™" for iprodione and myclobutanil
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Fig. 2 Effect of different dispersive solvents on enrichment factors
of six fungicides obtained from DLLME. Extraction conditions:
sample volume, 5.0 mL; extraction solvent (C,H,Cl,) volume, 14 pL;
dispersive solvent volume, 0.8 mL; sedimented phase volume,
6.0 £ 0.5 pL; concentration of each pesticide, 2 ng mL™" for
triadimefon, hexaconazole, diniconazole and procymidone, and
4 ng mL~" for iprodione and myclobutanil

Effect of Extraction Solvent Volume

To examine the effect of extraction solvent volume, 0.8 mL
of acetonitrile containing different volumes of C,H,Cl,
(14.0, 18.0, 22.0 and 26.0 pL) was subjected to the same
DLLME procedures. Figures 3 and 4 present the plots of
extraction recoveries and enrichment factors versus volume
of extraction solvent C,H,Cly, respectively. It was obvious
that extraction recoveries for most of the analytes varied
slightly, but enrichment factors decreased by increasing the
volume of C,H,Cl,. As a consequence, 14.0 pL. CoH,Cly
was selected to obtain high enrichment factor, good recovery
and low detection limit in the subsequent experiments.

Effect of Dispersive Solvent Volume

To obtain optimized volume of acetonitrile, 0.3, 0.5, 0.8,
1.0 and 1.2 mL of acetonitrile containing the correspond-
ing volume of C,H,Cl,; were studied to attain the constant
volume of the sedimented phase (6.0 &= 0.5 pL). As seen in
Fig. 5, enrichment factors increased with the increase of
volume of acetonitrile when it was less than 1.0 mL, but
decreased after the volume of acetonitrile exceeded
1.0 mL. Therefore, 1.0 mL was chosen as the optimum
volume of the dispersive solvent.

Effect of Extraction Time

The effect of extraction time was examined in the range
of 3-30 min with constant experimental conditions.
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Fig. 3 Effect of different
volumes of C,H,Cl, on
extraction recoveries of six
fungicides obtained from
DLLME. Extraction conditions:
sample volume, 5.0 mL;
dispersive solvent (acetonitrile)
volume, 0.8 mL; concentration
of each pesticide, 2 ng mL™"
for triadimefon, hexaconazole,
diniconazole and procymidone,
and 4 ng mL™" for iprodione
and myclobutanil
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Fig. 4 Effect of different volumes of C,H,Cl, on enrichment factors
of six fungicides obtained from DLLME. Extraction conditions:
sample volume, 5.0 mL; dispersive solvent (acetonitrile) volume,
0.8 mL; concentration of each pesticide, 2 ng mL~" for triadimefon,
hexaconazole, diniconazole and procymidone, and 4 ng mL™" for
iprodione and myclobutanil

According to Fig. 6, the variations in enrichment factors
were not remarkable. It was revealed that after formation of
a cloudy solution, the surface area between extraction
solvent and fruit sample phase was infinitely large.
Thereby, transition of analytes from fruit sample phase to
extraction solvent was fast. Subsequently, equilibrium state
was established rapidly so that the extraction time was very
short. In this study, 5 min was suitable for the procedure.

Effect of Salt Concentration
The salting-out effect is an important parameter in
DLLME. Generally, addition of salt decreases the solu-

bility of target compounds in the aqueous sample and
enhances their partitioning into the organic phase. For
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Fig. 5 Effect of different volumes of acetonitrile on enrichment
factors of six fungicides obtained from DLLME. Extraction condi-
tions: sample volume, 5.0 mL; extraction solvent (C,H,Cl,) volume,
14 pL; sedimented phase volume, 6.0 & 0.5 pL; concentration of
each pesticide, 2 ng mL ™' for triadimefon, hexaconazole, diniconaz-
ole and procymidone, and 4 ng mL ™" for iprodione and myclobutanil

investigating the influence of ionic strength on extraction
efficiency of DLLME, various experiments were per-
formed by adding different amounts of NaCl (0-10%, w/v).
The increase in ionic strength led to a decrease in C,H,Cly
solubility in aqueous phase, which increased the volume of
sedimented phase but decreased the enrichment factor. As
seen in Figs. 7 and 8, enrichment factors decreased when
the salt addition exceeded 1%, but extraction recoveries
were almost constant. As a result, a salt concentration of
1% was utilized.

Analytical Performance
To investigate the applicability of the proposed method,

several factors including enrichment factor, linearity range
and limit of detection were evaluated. The performance of
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Fig. 6 Effect of extraction time on enrichment factors of six
fungicides obtained from DLLME. Extraction conditions: sample
volume, 5.0 mL; extraction solvent (C,H,Cl;) volume, 14 pL;
dispersive solvent (acetonitrile) volume, 0.8 mL; sedimented phase
volume, 6.0 = 0.5 pL; concentration of each pesticide, 2 ng mL™!
for triadimefon, hexaconazole, diniconazole and procymidone, and
4 ng mL~" for iprodione and myclobutanil
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Fig. 7 Effect of salt addition on enrichment factors of six fungicides
obtained from DLLME. Extraction conditions: sample volume,
5.0 mL; extraction solvent (C,H,Cly) volume, 14 pL; dispersive
solvent (acetonitrile) volume, 0.8 mL; sedimented phase volume,
6.0 £ 0.5 pL; extraction time, 5 min; concentration of each pesticide,
2 ng mL~" for triadimefon, hexaconazole, diniconazole and pro-
cymidone, and 4 ng mL~" for iprodione and myclobutanil

this technique is shown in Table 1. Linearities of calibra-
tion curves were observed at the range of 1.0—40 pg kg™’
for myclobutanil and iprodione, and 0.5-20 pg kg~' for
the other four kinds of fungicides, with correlation coeffi-
cients in the range of 0.9902-0.9995. The limits of detec-
tion, based on signal-to-noise ratio (S/N) of 3, ranged from
0.02 to 0.12 pg kg™, which was very low using ECD. The
enrichment factors ranged from 685 to 820. The extraction
recoveries were evaluated by extracting the spiked fruit
samples at two different concentration levels of six fungi-
cides. Each treatment was carried out five times
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Fig. 8 Effect of salt addition on extraction recoveries of six
fungicides obtained from DLLME. Extraction conditions: sample
volume, 5.0 mL; extraction solvent (C,H,Cly) volume, 14 pL;
dispersive solvent (acetonitrile) volume, 0.8 mL; sedimented phase
volume, 6.0 = 0.5 pL; extraction time, 5 min; concentration of each
pesticide, 2 ng mL~" for triadimefon, hexaconazole, diniconazole
and procymidone, and 4 ng mL ™" for iprodione and myclobutanil

Table 1 Quantitative results of DLLME and GC-ECD of fungicides
from fruit samples

Fungicides Fruit EF LR r LOD
(ng kg™ (g kg™
Triadimefon Pear 730 0.5-20 0.9985  0.02
Procymidone 690  0.5-20 0.9979  0.06
Hexaconazole 785  0.5-20 0.9995 0.03
Myclobutanil 806  1.0-40 0.9980 0.12
Diniconazole 750  0.5-20 0.9988  0.04
Iprodione 801  1.0-40 0.9993  0.05
Triadimefon Grape 725  0.5-20 0.9900 0.02
Procymidone 685 0.5-20 0.9976  0.06
Hexaconazole 780  0.5-20 0.9987  0.03
Myclobutanil 799  1.040 0.9925 0.12
Diniconazole 747 0.5-20 0.9953  0.04
Iprodione 795  1.0-40 0.9986  0.05
Triadimefon Apple 736 0.5-20 0.9990 0.02
Procymidone 694  0.5-20 0.9985  0.06
Hexaconazole 790  0.5-20 0.9950 0.03
Myclobutanil 809  1.0-40 0.9983  0.12
Diniconazole 756 0.5-20 0.9955 0.04
Iprodione 810  1.040 0.9939  0.05
Triadimefon Strawberry 742 0.5-20 0.9922  0.02
Procymidone 700  0.5-20 0.9936  0.06
Hexaconazole 798  0.5-20 0.9914  0.03
Myclobutanil 816  1.0-40 0.9932 0.12
Diniconazole 768  0.5-20 0.9966  0.04
Iprodione 820 1.0-40 0.9902  0.05

EF enrichment factor
LR linearity range
LOD limit of detection for S/N = 3
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Table 2 Relative recoveries and relative standard deviations (n = 5) for spiked fruit samples at two different concentration levels of fungicides

from fruit samples

Fungicides Spiked 1 Pear Grape Apple Strawberry
(g ke ) RR RSD RR RSD RR RSD RR RSD
(%) (n=25) (%) (n=15) (%) (n=175) (%) (n=25)
(%) (%) (%) (%)
Triadimefon 0.5 86.0 4.1 85.6 5.9 86.7 6.7 88.5 4.7
4.0 87.6 34 87.0 4.3 88.3 4.4 89.0 32
Procymidone 0.5 81.9 5.8 81.3 7.9 82.4 39 85.2 54
4.0 82.8 5.1 82.2 6.8 83.3 3.1 84.1 3.6
Hexaconazole 0.5 92.4 6.0 92.7 5.7 94.5 7.8 93.1 6.5
4.0 94.2 5.2 93.6 4.9 94.8 4.5 95.8 5.7
Myclobutanil 1.0 92.3 4.4 934 7.0 93.6 7.8 95.9 6.3
8.0 96.7 3.8 95.9 6.2 97.1 6.2 97.9 5.1
Diniconazole 0.5 89.5 33 87.6 54 88.2 5.4 91.3 7.0
4.0 90.0 49 89.6 42 90.7 43 92.2 5.9
Iprodione 1.0 94.6 43 96.0 6.6 91.0 5.6 97.4 7.6
8.0 96.1 32 95.4 5.6 97.2 4.0 98.4 7.2
RR relative recovery
successively. The results are presented in Table 2.  recommended method could be applied for the trace

Acceptable recoveries and repeatability could be obtained.
These results demonstrated that the different fruit matrices
used in this experiment had little effect on DLLME effi-
ciency. Chromatograms of non-spiked and spiked pear
sample obtained by using DLLME are shown in Fig. 9.

Real Fruit Sample Analysis

Three batches of apple, grape, pear and strawberry were
collected from different local supermarkets. The samples
were pretreated as described in “Sample preparation”,
extracted using DLLME method, followed by “DLLME
procedure” and analyzed by GC-ECD. The results are
summarized in Table 3. It is revealed that the

Fig. 9 Chromatogram of g:; 1(a)
(a) non-spiked and (b) spiked 500 ]
pear sample by using DLLME 00 4
combined with GC-ECD under 600 4
optimized conditions. Peak 500 4
identification: (1) triadimefon,

300

analysis of selected fungicides in real fruit samples.

Conclusion

In this research, DLLME combined with GC-ECD has
been applied to the simultaneous determination of selected
fungicide residues in fruit samples. Compared with other
extraction methods, DLLME is a very rapid, simple and
inexpensive pretreatment technique with lower consump-
tion of organic solvent. To our knowledge, this is the first
report on the application of DLLME for analysis of fun-
gicides in fruit samples, and the present study broadens the
applicability of the DLLME technique to more complicated

P N VY
(2) procymidone, (3) —f—

hexaconazole, (4) myclobutanil, 200 . .

(5) diniconazole, (6) iprodione.
Spiked concentration level:

0.5 pg kg™ for triadimefon,
hexaconazole, diniconazole and
procymidone, and 1 pg kg™" for
iprodione and myclobutanil
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Table 3 Concentrations of six fungicides in three batches of fruit samples
Sample Batch Triadimefon Procymidone Hexaconazole Myclobutanil Diniconazole Iprodione
no. Founded Founded Founded Founded Founded Founded
(ng kg™ (ng kg™ (ng kg™ (ng kg™ (ng kg™ (ng kg™
Pear 1 ND ND ND ND ND ND
2 ND ND ND ND ND ND
3 ND ND ND ND ND ND
Grape 1 ND ND ND ND ND ND
2 ND ND ND ND ND ND
3 ND ND ND 1.39 ND ND
Apple 1 0.22 0.70 ND ND ND ND
2 ND ND ND ND ND ND
3 ND ND 0.88 ND ND ND
Strawberry 1 ND 4.11 5.28 ND ND 3.74
2 ND 12.63 ND ND ND ND
3 ND ND ND ND ND 2.88
ND not detected
matrices successfully. The results of this study demonstrate 8. Lambropoulou DA, Konstantinou IK, Albanis TA (2000) J
that the proposed method provides high enrichment factor, Chromatogr A 893:143-156 . )
] limit of d . d bl . 9. Viiias P, Aguinaga N, Campillo N, Hernandez-Cérdoba M (2008)
ow limit o . .etectlon, and acceptable extraction recovery J Chromatogr A 1194:178-183
and repeatability. Performance of the proposed method fits  10. Rezace M, Assadi Y, Millani MR, Aghaee E, Ahmadi F, Berijani
the requirements for the determination of selected fungi- S (2006) J Chromatogr A 1116:1-9
cides in real fruit samples 11. Rahnama-Kozani R, Assadi Y, Shemirani F, Milani-Hosseini
' MR, Jamali MR (2007) Talanta 72:387-393
12. Fattahi N, Assadi Y, Milani-Hosseini MR, Zeini-Jahromi E
(2007) J Chromatogr A 1157:23-29
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