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Abstract

An ultrasound-assisted method is described for dispersive solid phase extraction of trace levels of triazole fungicides. A sorbent
was prepared from an N-heterocyclic carbene copper complex that was supported on ionic liquid-modified graphene oxide. The
sorbent was characterized by scanning electron microscopy, transmission electron microscopy, Raman and FT-IR spectroscopy,
energy-dispersive X-ray spectroscopy and elemental mapping. The capability of sorption and extraction is mainly based on
complexation with Cu (I) ions. The variables affecting extraction were optimized. Following desorption with ethanol, the
fungicides were quantified by corona discharge ion mobility spectrometry. Under optimized conditions (solution pH value:
7.0; amount of sorbent: 10 mg; extraction time: 3 min; desorption agent: ethanol), the technique provides good linearity
(>0.994), repeatability (RSD <4.1%), low limits of detection (0.18 ng.mL "), excellent preconcentration factors (468-476)
and high recoveries from spiked environmental water samples (92-94%). The sorbent can be reused over five cycles without
significant loss of its activity.

Keywords Ultrasound - Spectrometry - Triazole - Fungicides - Environmental analysis - Water analysis - Lake water - River
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Introduction

Triazole fungicides (TFs) are systemic pesticides that are
broadly used to prevent fungal sickness in agriculture. [1,
2]. Because of their moderate lipophilicity, long-term sta-
bility and long-term photochemical and chemical half-
lives, they can enter and accumulate in waters such as
river, wastewater, and lake. Researches have shown that
these substances have a substantial toxicity [3, 4].
Furthermore, they endanger human health by troublemak-
ing the endocrine function of the body [5]. Also, TFs are
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hardly degraded and are considered as persistent organic
contaminants [6]. European Union Directive, to maintain
human health and nontarget organism, has controlled the
limits for individual pesticide and for the sum of all pesti-
cides in drinking water are 0.1 pg.L™' and 0.5 pg.L ™",
respectively [7]. Based on the information given, designing
a simple, fast, very sensitive and trustworthy technique to
analyze trace levels of TFs in the environment is one of the
prime necessary. Various techniques of chromatography
such as gas chromatography (GC) [8] and high-
performance liquid chromatography (HPLC) [9] have been
applied to quantification TFs in environmental media and
food samples. Notwithstanding their efficiency, selectivity,
and sensitivity most of these methods are not suitable for
direct analysis of complex samples because they are vul-
nerable to matrix interference from the real samples [10,
11]. Sample preparation methods that which enrich and
pre-concentrate the target analytes in the real samples are
very significant [12]. Given the toxicity of TFs, designing
of a sample preparation method having appearances such
as fast, reliability, sensitivity, cost-effectiveness and
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acceptability for its quantification in complexes matrices is
necessary. These sample preparation methods can be divid-
ed into adsorbent-based extraction such as solid-phase
microextraction (SPME) [13], solid-phase extraction
(SPE) [8], bar adsorptive microextraction (BAME) [12]
and in-disk solid-phase extraction (ID-SPE) [14], and
solvent-based extraction such as liquid-liquid extraction
(LLE) [9], Liquid phase microextraction (LPME) [15],
liquid-liquid microextraction (LLME) [16] and cloud point
extraction (CPE) [17]. With the comparison of adsorbent-
based and solvent based extraction methods, adsorbent-
based extraction methods are worthier and less risky be-
cause of less toxic solvent, and samples are needed. The
ultrasound wave is widely applied in solid phase extrac-
tion. Ultrasonic-assisted solid phase extraction makes ex-
traction of target analytes happen in a shorter time due to
the ultrasonic power makes it possible to get absorbent
vacancies by dispersion of sorbents into the sample solu-
tion [18].

In this approach, based on previous studies, the selective
interaction between triazole and Cu (I) has been considered
[19, 20]. According to previous studies, GO@IL@NHC-Cu
sorbent for microextraction of triazole fungicides was success-
fully designed and synthesized. Then it applied in ultrasonic
assisted dispersive solid phase sample preparation method for
the extraction and preconcentration of TFs from water sam-
ples. Consequently, some main factors affecting the adsorp-
tion efficiency of TFs were optimized in sequence and the
optimal conditions were established. In other words, this is
the first report on the absorption, extraction, and determina-
tion of TFs in environmental water samples using a
GO@IL@NHC-Cu based sorbent. The separation of TFs by
ultrasonic assisted dispersive solid phase extraction was car-
ried out with the complexion of triazole cycle of analytes with
Cu (D) ‘s fixed in sorbent and hydrophobicity adsorbing of TFs
GO@IL@NHC-Cu sorbent. It should be noted that the atten-
dance of semi polar Cu (I) and semi nonpolar (graphene) sites
facilitates the extraction of nonpolar compounds. This is due
to the presence of Cu (I) that may increase the dispersity of the
sorbent.

Ion mobilty spectrometry (IMS) is industrialized as an in-
fluential and well-known instrumental technique [21].
Combining IMS with a variety of various sample preparation
methods would provide a high fast, low cost and sensitive
determination. CD-IMS is followed with various sample prep-
aration methods such as electromembrane extraction (EME)
[22], hollow fiber liquid-liquid-liquid microextraction (HF-
LLLME) [23], dispersive solid phase extraction (DSPE)
[24], and MIP-SPE [25]. In the present report, we combine
an IMS analysis method with CD ionization source after UA-
DSPE system for the concurrent extraction and quantification

@ Springer

of three OPPs which are broadly used containing
tebuconazole, propiconazole and difenoconazole in environ-
mental water samples. This method can provide short analysis
time, high preconcentration factors, simplicity, low detection
limit, portability and comparatively low cost.

Experimental
Reagent and materials

The information about reagent and materials is presented in
the electronic supplementary materials.

Instrumentation

Ion mobility spectrometer (model 1000) that used this work
was fabricated at Isfahan University of Technology. IR spectra
were recorded on a Bomem MB-Series FT-IR spectrophotom-
eter. Raman spectras of GO, GO-IL, and GO@IL@NHC-Cu
nanosobent were recorded on a Bruker SENTERR (2009)
with an excitation beam wavelength at 785 nm. Scanning
electron microscopy and EDX mapping characterizations of
GO @IL@NHC-Cu nanosobent was performed using an elec-
tron microscopy Hitachi SU3500. Transmission electron mi-
croscopy characterization of GO@IL@NHC-Cu nanosobent
was performed using a transmission electron microscope
Philips CM-30 with an accelerating voltage of 150 kV. X-
ray photoelectron spectroscopy (XPS) analysis of
GO@IL@NHC-Cu nanosobent was performed using a
Thermo Scientific, ESCALAB 250Xi with Mg X-ray
resource.

Calculation of extraction recovery and enrichment
factor

The extraction recovery (ER %) of the UA-DSPE procedure
was calculated according to the following equation:

V.\ /C
ER = 2l 100% = (—a> (ﬂ) x100% (1)

1 injtial Vs Csinitial

where ngjnitial and 1, g, are the number of moles of analyte
originally present in the sample and the number of moles of
analyte finally collected in the eluted solution, respectively. V,
is the volume of the eluted solution, V| is the volume of sam-
ple solution, C, g, is the final concentration of analyte in the
eluted solution, and Cg jpia 1s the initial the analyte concen-
tration in the sample solution. The preconcentration factor
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(PF) of UA-DSPE procedure was calculated according to the
following equation:

PF — Ca,fmal (2)

~ Cy initial
lon mobility spectrometry

All information about the ion mobility spectrometry is de-
scribed in the electronic supplementary materials.

Synthesis of the sorbent

The preparation of GO@IL@NHC-Cu (the sorbent) follows a
method described earlier [26] and is described in some detail
in the Electronic Supplementary Material section, along with
its spectral characterization.

Ultrasound assisted dispersive solid phase extraction
(UA-DSPE) procedure

50 mL of a solution containing sample or standards of TFs at
pH of 7.0 was poured into a conical-bottom centrifuge tube
with cap. Then the 15 mg of sorbent was added in fortified/
non-fortified samples. Ultrasound power was used to immerse
the GO@IL@NHC-Cu nanosorbents in the studied solutions.
Ultrasound waves can increase the mass transfer and interac-
tion of target molecules with the graphene sites of the modified
GO@IL@NHC-Cu nanosorbents. After sonication for
2.0 min, the created black solution was centrifuged at
10000 rpm for 3 min. By centrifuging of the black solution,
the fine particles of sorbent that dispersed in the sample solu-
tion were accumulated in the lowest point of the conical test
tube. After that, the aqueous phase was totally divided by a
syringe. Then, in the desorption step, 100 puL of ethanol was
added to the sediment phase in the centrifuge tube. After
vortexing, black solution was centrifuged at 10000 rpm for
2 min. The resulted ethanol solution was analyzed by CD-IMS.

Results and discussion
Characterization

The Fourier-transform infrared spectroscopy (FT-IR), Raman
spectroscopy, and scanning electron microscopy (SEM) infor-
mation about the Characterization of sorbent is described in
the electronic supplementary materials.

The transmission electron microscopy (TEM) image of
GO@IL@NHC-Cu sorbent possesses similarly wrinkled

Fig. 1 TEM image of GO@IL @NHC-Cu sorbent

sheet morphology (see Fig. 1). The sorbent also was charac-
terized by X-ray photoelectron spectroscopy as decribed in
ref. [26].

Optimization of extraction conditions

The following parameters were optimized: (a) Sample pH
value; (b) amount of sorbent; (¢c) extraction time; (d) centri-
fuge time; () desorption agent; (f) reusability of the sorbent.
Respective data and Figures are given in the Electronic
Supporting Material. In short, the following experimental con-
ditions were found to give best results: (a) sample pH value: 7;
(b) amount of sorbent: 10 mg; (c) extraction time: 3 min (d)
centrifuge time: 3 min (e) desorption agent: ethanol (f) reus-
ability of the sorbent: five cycles.

Method validation

To evaluate the real application of the presented method, the
optimized extraction parameters were approved to appraise its
quantitative efficiency. Table 1 shows the summarized results.
Extraction was repeated five times and the extraction solution
was considered with a CD-IMS system. Repeatability of the
UA-DSPE-IMS quantities was obtained as the relative stan-
dard deviation (RSD%) in the range of 3.3 to 4.6. External
calibration plots were obtained and good linearity in two var-
ious ranges with correlation coefficients between 0.994 up to
0.998 was achieved. Preconcentration factor (PF) and
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Table 1 The figure of merits for

analysis of triazole fungicides in Sample Analyte LOD Linearity ~ R RSD%*(n=5) PF* ER%"
distilled water, lake water, river (ng-m]:l) (“g-mLil)
water, waste water and
agricultural wastewater samples Tebuconazole 0.18 0.6 -50 0996 4.1 476 93
50-300 0993 3.6 469 92
Propiconazole 0.18 0.6-50 0995 43 478 94
Distilled water 50-300 0993 38 473 93
Difenoconazole  0.18 0.6-50 0997 44 477 94
50-300 0996 3.8 470 93
Tebuconazole 0.18 0.6-50 0990 48 461 91
50-300 0993 4.6 453 90
Propiconazole 0.18 0.6-50 0991 5.6 465 92
Lake water 50-300 0990 54 456 91
Difenoconazole  0.18 0.6-50 0992 6.1 465 93
50-300 0993 52 458 91
Tebuconazole 0.18 0.6-50 0.99% 6.1 468 92
50-300 0992 52 458 90
Propiconazole 0.18 0.6-50 0993 53 467 93
River water 50-300 0992 5.7 457 91
Difenoconazole  0.18 0.6-50 0991 58 459 90
50-300 0991 45 454 89
Tebuconazole 0.18 0.6-50 0992 63 471 91
50-300 0990 48 457 89
Propiconazole 0.18 0.6-50 0994 53 459 92
Waste water 50-300 0991 49 451 90
Difenoconazole  0.18 0.6-50 0992 63 463 91
50-300 0991 5.7 456 88
Tebuconazole 0.18 0.6-50 0982 6.7 474 92
50-300 0986 5.2 465 90
Agricultural Propiconazole 0.18 0.6-50 0990 6.1 459 92
waste water 50-300 0989 43 456 90
Difenoconazole  0.18 0.6-50 0.991 4.5 472 92
50-300 0990 438 463 90

*RSD%, PF and ER% were calculated at concentration of 10 and 100 ng.mL ' from each analyte for first and

second calibration plots respectively

extraction recovery (ER %) using Egs. 1 and 2, “Calculation
of extraction recovery and enrichment factor Section” was
calculated.

Preconcentration factors (PFs) of 469—477 that corresponded
to extraction recoveries ranging from 92 up to 94% were obtain-
ed. Limits of quantification (LOQ) was in 0.6 ng.mL ", Limits
of detections (LODs), calculated according to the signal-to-noise
ratio of 3, and were found to be in the 0.18 ng.mL_l.

Analysis of real samples

To evaluate the effects of the matrix, the procedure as
described in the “UA-DSPE procedure section” UA-
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DSPE procedure was applied on the lake water, river
water, wastewater and agricultural wastewater samples
without any pre-treatment. Table 1 shows the analytical
figure of merits for monitoring of TFs in various real
samples.

To monitor trace amounts of triazole fungicides (TFs) in
real matrices, UA-DSPE was used as a sample preparation
method for TFs in optimized condition. Table 2 shows the
TFs relative recoveries in distilled water, lake water, river
water, waste water, and agricultural wastewater samples.
Fig. 2 show the spectra of the lake water, river water, waste
water and agricultural wastewater samples after the UA-DSPE
under optimal conditions.
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Table 2 The obtained data for

analysis of TFs in distilled water, Sample Analyte C added C found RSD% Relative
lake water, river water, waste (ng-mLil) (ng.mLfl) (n=5) recovery (%)
water and agricultural wastewater -
samples Tebuconazole — — N.D.* - -
10 10.06 3.6 100
100 99.56 4.6 99.56
Propiconazole  — N.D. - 0
Distilled water 10 991 3.8 99.10
100 100.89 5.1 100.89
Difenoconazole  — N.D. - -
10 9.91 43 99.10
100 98.47 4.7 98.47
Tebuconazole - N.D. - -
10 9.83 4.6 98.30
100 98.52 52 98.52
Propiconazole  — N.D. - -
Lake water 10 9.76 54 97.60
100 100.24 4.8 100.24
Difenoconazole  — N.D. - -
10 9.82 42 98.20
100 97.36 4.1 97.36
Tebuconazole - N.D. - -
10 9.69 53 96.90
100 98.52 4.7 98.52
Propiconazole  — N.D. - -
River water 10 9.73 52 97.30
100 98.68 4.5 98.68
Difenoconazole — N.D. — -
10 9.69 4.6 96.69
100 98.31 6.6 98.31
Tebuconazole - N.D. - -
10 9.87 54 98.70
100 99.21 45 99.21
Propiconazole  — 2.46 4.7 -
Waste water 10 12.31 43 98.50
100 102.59 52 100.13
Difenoconazole  — N.D. - -
10 9.87 5.1 98.70
100 100.43 4.8 100.43
Tebuconazole - 1.12 4.6 -
10 11.08 5.1 99.56
100 101.27 43 100.15
Agricultural Propiconazole  — 55 - 55
Waste water 10 9.88 5.6 98.85
100 98.74 4.8 98.74
Difenoconazole  — 3.76 5.5 -
10 13.70 4.8 99.45
100 103.99 5.1 100.23
#Not detected
Table 3 shows the analytical performance of the proposed ~ Conclusion

method compared with the formerly reported methods.
Given that the analysis time in CD-IMS has meaningfully
short, IMS analysis time less than 20 ms, compared with
other detection techniques. Consequently, UA-DSPE-CD-
IMS can provide high fast and sensitive results for the
preconcentration and quantification of these TFS in lake
water, river water, wastewater and agricultural wastewater
samples.

According to previous studies, GO@IL@NHC-Cu sorbent for
microextraction of triazole fungicides was successfully de-
signed and synthesized. UA-DSPE method using a novel sor-
bent GO@IL @NHC-Cu was successfully implemented for the
extraction and sorption of TFs from various real samples (river
water, lake water and waste water) prior to the CD-IMS quan-
tification. The presented sample preparation method is a new
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extraction method for separation and trace detection of TFs in
environmental water samples. The material was designed for
high dispersion of the sorbent in environmental water samples
and high adsorption capacity for fast and efficient extraction of
target molecules in the media. Therefore, the new coupling of
the sorbent by ultrasonic assisted dispersive solid phase extrac-
tion method was developed for fast extraction and reliable trace
determination of TFs by instrumental techniques.
GO@IL@NHC-Cu was successfully characterized by SEM,
FT-IR, EDS and elemental mapping analysis. The sorbent

exhibiting an excellent sorption of TFs via complexation with
Cu (I). Moreover, the method was shown to provide several
distinct advantages such as high extraction efficiency, short
analysis time, simplicity, portability and relatively low cost
and easy elution of the analytes. Furthermore, the results indi-
cated that the applied GO@IL@NHC-Cu sorbent can effi-
ciently adsorb and extract TFs from several real samples.
Finally, it is highly anticipated that the proposed method has
the great analytical potential to be implemented as a routine
means for monitoring TFs in a wide variety of real samples.

Table 3 Comparison of
analytical performance data of the
proposed method with other

methods applied for the analysis
of TFs

Determination Method Analysis time ~ LOD RSD% PF Ref
(min) (ng.mL~ h

SPE-GC-MS* 127 0.02- 0.03 1.7-11.4 No data [15]
DLLME-GC-MS-MS® 50 0.0007-0.0517  3.8-9.6 924-3669  [17]
TEA-DCF-GC-MS ° 45 0.15-0.26 8.9-11.5 422-589 [27]
DLLME-GC-FID ¢ 25 2-28 5.0-14.0 176-400  [28]
UA-SSIL-DLLME-HPLC-UV® 43 0.90-1.38 3.65-5.87 94-101 [29]
HF-LPME-UHPLC-MS-MS' 52 1 450-11.50  No data [30]
SPME-GC-MS# 80 0.01-0.09 4392 No data [5]
UA-DSPE-CD-IMS" 7 0.18 3.6-44 468-476 this work

#Magnetic solid phase extraction-gas chromatography - flame photometric detector

® Magnetic solid phase extraction-gas chromatography - mass spectrometry

¢ Liquid-liquid microextraction-high performance liquid chromatography-ultra violet

9 Cloud point extraction- high performance liquid chromatography- photo diode array

¢ Elevated temperature-dispersive liquid-liquid microextraction-gas chromatography-flame ionization detector

"Hollow fiber-liquid phase microextraction- ultra high performance liquid chromatography- mass spectrometry-

mass spectrometry

£ Solid phase microextraction-gas chromatography - mass spectrometry

" Ultrasonic assisted-dispersive solid phase extraction-corona discharge-ion mobility spectrometry
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