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Abstract

Different pesticides have been used to control pests of barberry (Berberis vulgaris) in south
Khorasan province, Iran. Due to use barberry in both raw and cooked, identification and
quantification of residues of common pesticides (Diazinon, Oxydemeton-methyl and Phosalone) in
barberry was monitored by using GC-MS. To achieve a suitable method for extraction and
purification, four valid methods such as QUEChERS Extraction, Static extraction, Changing PH
and Solid Phase Extraction (SPE) were used. To reduce matrix effects in measurements, the
addition standard used and the resulting signal level from GC by using pesticides standards
calibration curves were measured. Extraction with acetonitrile solvent and scan mode of GC-MS
showed that most of the barberries were contaminated by the pesticides. Four kind of different
extraction method were compared with each other in spiked distilled water and then spiked
barberry samples. The SPE extraction seemed to give slightly lower recoveries for the sample
tested. Although Changing PH and Static extraction were so quick, but had the worst results. The
results obtained confirmed that QUEChERS Extraction method may be used to extract pesticide
residues from barberry. Other pesticides also found with a very low concentration by GCMS full
scan method, such as Dimethoate, Dursban & Acetamyprid, that may has been used in the region
and came as drift.
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1. Introduction

Most foods of plant origin are grown using pesticides. Chemical control of weeds; insects, plant
diseases and other pests has increased agricultural productivity. However, these economic benefits
are not without risk to human health and environmental damage (Calatayud et al., 2016b). Many
pesticides and their residues are known to be contributory factors in several diseases such as
cancer, heart diseases, Alzeheimer’s and Parkinsonism. Feed and fodder offered to animals are
often contaminated with pesticide residues and after feeding, these residues assimilated into the
body systems of the animals (Peterson, 2003). Frequent spraying and harvesting early after
spraying, non-compliance of the currency, submit it to the market and use of these products as raw
and fresh seriously threatens the health of consumers (Rumpold & Schlueter, 2013). Less than one
percent of pesticides affects the target and more than 99 percent of pesticides reach into the
environment. It is necessary to examine the remains of pesticides in the country (Sanchez et al.,
2010). More importantly, much of the first part of pesticides find their way into water sources, and
directly or indirectly enter the food chain, and may eventually enter the human body and other
living organisms (Dirr, 2015). The second most common Business-related diseases, are skin
diseases, as 15 to 25% of reports on pesticides, related to skin diseases (Asoudeh, 1999).Water is
one of the important components in life cycle. Importance of quality, conservation and
development is steadily rising and pesticides are considered one of the main water pollutants.
(Jazayeri, 2002)

Barberry (Berberis vulgaris L.) owed its popularity to its apparent usefulness. By the
seventeenth century, a list of the bushes’ reported beneficial medical properties had grown
substantially to include use against scurvy, bladder trouble, jaundice, constipation, loss of appetite,
and fever. The barberry bush also had proven to be quite a useful plant in many other ways. The
juice extracted from the barberry was used for making a “good-tasting, healthful English drink
called ‘punch’.” Water in which the bark was boiled served as a mouthwash. Its red berries were
used for making jellies, while the bark and roots, with their characteristic yellow pigment, were
used as dye (Peterson, 2003).Although barberries are more known as medical plants, it has been
used most often as food additive in Iran. Dried barberries are used for adding to food as flavor. It is
used especially with rice (Tehranifar, 2003). Iran is the world's largest producer of Berberis
vulgaris L. (Ranunculales: Berberidaceae). South Khorasan Province has the 98% of land under
cultivation of this product in Iran and has the Production of 98.7% of the country's Barberry (Kafi
& Balandari, 2002). The most important pests in barberry gardens of South Khorasan province is as
follows: Syrista parreyssi Spinola, Polyphylla adspersa Motschulsky, Liosomaphis berberidis Kalt,
Parlatoria oleae Colvée; in most cases, these pests control with spraying methods (Moazzen,
1993). No studies exist on measurement of residual pesticides in barberry. In this study we
examined four different extraction methods for the detection of three most common pesticides used
to control pests of barberry in Iran and introduce the best method.

2. Materials and Methods

We harvested barberries from Haji Abad city in the Zirkouh region (South Khorasan province),
X701984, Y3736674, 1400 meters a.s.l.). Obtained Samples placed in plastic bags in cool and dark
conditions to transfer to the laboratory.

In the laboratory samples encoded, then extracted, and based on the pesticides found in scanning
method by GCMS, that were Diazinon, Oxydemeton methyl and Phosalone different
concentrations of pesticides were added, and each sample separately identified and tested by code.
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To detect pesticides in spike samples in 0.01,0.1.1 mg/kg to the pesticide-free Barberries, the seeds
of the plant barberry isolated and in proper containers and away from light until the time of the test
kept in the refrigerator(4°C).

The following table has been prepared, the aqueous extract samples spiked, vortex and keep in
suitable containers (Eppendorf Tubes) and kept refrigerated until injected into the Gas
chromatograph.

Table 1- manufacturing pesticides Standards and inject to pesticide-free aqueous extract and distilled water

NO. Pesticide volume( mg/kg) No. Of Repeat.
0.01
1 Diazinon 0.1 2
1
0.01
2 Oxydemeton methyl 0.1 2
1
0.01
3 Phosalone 0.1 2
1

Pesticides Standards obtaind from Sigma-Aldrich have been made and obtained by the formula
NI1VI =N2V2.

Extraction of Pesticide Residues:

In order to achieve a suitable method for the extraction and purification of it, several methods were
used as follows.

° QuEChERS Extraction: QUEChERS (quick, easy, cheap, effective, rugged, and safe)
Weighed 15 g of homogenized (hydrated at least 80%) barberry in 50 ml centrifuge tube, Added 15
ml 1% acetic acid in acetonitrile and shacked briefly, Added 6 g of anhydrous magnesium sulfate
and 1.5 g of sodium chloride shacked by hand for 1 minute then Centrifuge at 3700 rpm for 1
minute, Transferred a 1 ml aliquot of supernatant to a 2 ml centrifuge tube containing 150 mg
anhydrous magnesium sulfate and 50 mg PSA then shacked for 30 seconds and Concentrated for
GC-MS.

. Static extraction: 20 grams of crushed barberry, mixed with 60cc dichlorometan and 60cc
aceton in 2 minutes, then leave them for 24hours in room temperature, passed from filter paper,
then dried at 30 °C rotary, and 5 cubic centimeters of methanol added again, passed syringe filter,
again dried at 30 °C Rotary, by adding a cubic centimeter methanol was ready for analysis.

. Changing PH: with concentrated sulfuric acid solution, at the same time while the color of
the solution was changed, the PH measured constantly.
U Solid Phase Extraction (SPE):

1 g of crushed barberry mixed with 50 ml of distilled water. The solution was on the 60-70 °C
heater and stear for 30 minutes. Added chloridric Acid Gutty until the PH became below 1. To
make the color of the solution lower, smoothed by the filter paper and the Buchner funnel. Then
passed the solution through the stationary phase C18 column (SPE). (Supelco) then washed by lcc
methanol, gathered in vial, and analyzed by GCMS.

Before using the column, 10 ml of methanol and 10ml of distilled water was passed through the
column. Column type used: Supelco Supelclean LC-SAX 3 ML TUBES LOT NO.SP1274F.
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The experiment repeated 3 times to ensure accuracy extraction and recovery steps have been
completed and the results have been recorded.

The GC-MS conditions:

Cleantup, before injecting samples into GC-MS: To ensure that the device is clean, all parts of
the device specially the injector and detector (interface)increased to the maximum possible
temperature for some minutes.

Gas chromatography machine conditions has been set as follows:

Columns: (column of the type: non-polar) Restec-Rxi-1ms

Coloumoven: 120-270© 3 min Hold Rate: 5 Pressure: 80 KPa Injector: 250°c
Start time: 3 min Coloumn flow: 1 ml/min  Carrier gas: helium99.999

Detector settings (MS) as follows:

Interface: 300°c Ion Source: 200°c

Analysis:

Schimatzu Gas chromatography was used for analysis, (GC-MS QP 2010 PLUS), the barrel was
splitless and the 30 meter Restek column -1ms®Rxi, with External diameter0.25 mm and internal
diameter 0.25 pum. The carrier gas was Helium, with 99.9999 purity and One ml per minute flowed,
and the Pressure was 80 kPa. The Injector temperature was 250 °C and Detector was 300 °C. The
Detector voltage was 70 eV. The Oven Temperature at first 120 °C within 3 minutes, then up to
170 °C with 5 min/c speed. Then raise to 250 °C with 2 min/c speed, then up to 300 °C with 5
min/c speed and 3 minutes stop in this temperature. One micro liter of sample was injected in split
less mode; the device tuned in SIM (selected ion monitoring) and by Electron Ionization analyzed
(Table3).

Method Validation:

To realize the extraction of pesticides samples from the ones that brought to the laboratory, the
pesticides standards in 0.01, 0.1, 1 mg/kg in methanol that have certified references material
(CRM) were spikes three times. All the extractions and analytical methods were applied on
distilled water and pesticide-free barberry, and the results were compared with the Data Of the
collected barberries from cultivated gardens.

For recovery mode, added 0.01, 0.1, 1 mg/kg concentrations from pesticides into distilled water
and the remaining amount applied in to the results (Table 4).

In order to reduce matrix effects in measurements, the addition standard used and the resulting
signal level from GC by using pesticides standards calibration curves were measured.

To calculate Relative Standard Deviation (RSD), first, the standard deviation and standard error
for each sample calculated and then RSD amount in each sample was determined for each
pesticide. To determine the detection limit (LOD) and Limit of quantitation (LOQ) from standard
solutions of each pesticide, they injected in to the GCMS and the Detection limit and Limit of
quantitation for each pesticide achieved (Table 2).

Table 2- Profile samples collected from different areas to determine the residual pesticides

No. Sampling sites Cultivation area (ha)  Sampling date (2015)  Sampling date (2016)
1 Zirkooh Qaen 80 22.10.2015 22.10.2016
2 Zirkooh Qaen 80 22.10.2015 22.10.2016
3 Hajiabad Qaen 70 27.10.2015 24.10.2016
4 Hajiabad Qaen 70 27.10.2015 24.10.2016
5 Zohan Qaen 50 27.10.2015 26.10.2016
6 Qaen 100 27.10.2015 02.11.2016
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Results

To investigate the probability of the effect of barberry color and other annoying factors on the
chromatography, Spike operations and extraction and purification were applied on distilled water
and pesticide-free Barberry.

Table 3 shows the wave number which were tracked by GCMS and the Mass spectrum of them.

Table 3- Characteristic Absorbance of pesticides

Element Wave number(m™)
Diazinon 179 304 199
Oxydemeton methyl 88 169 60
phosalone 367 182 --

Figures 1-3 show the Chromatograms of pesticides Standards.
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Fig.1- The chromatogram of Diazinon standard
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Figures 4-6 show the Calibration curve of each pesticide standards at the concentrations studied.
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Fig.5- Calibration curve of Oxydemeton methyl standard at the concentrations studied.
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Fig.6— Calibration curve of Phosalone standard at the concentrations studied.
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Table 4 and 5 show four kind of different extraction method compared with each other in spiked distilled
water and then spiked barberry samples. These samples were found in our routine surveillance until analysis.
Since the SPE extraction seemed to give slightly lower recoveries for the sample tested, so the precision of
QuEChERS is better than SPE extraction in Barberry.

Table 4- Different extraction method on distilled water with different density of pesticides.

No. Pesticide E;(nt;lﬁggn Spike ((ir(l);l/ckegn)tranon Result (3times replication)
0.01 0.098, 0.01, 0.099
1 QuEChERS 0.1 0.1, 0.099, 0.1
1 1,1,0.99
0.01 0.0095, 0.0093, 0.0085
2 Static extraction 0.1 0.066, 0.089, 0.094
Diazinon 1 0.44,0.9, 0.99
0.01 N.D,N.D, N.D
3 Changing PH 0.1 0.089, 0.06, 0.044
1 0.88, 0.90, 0.95
0.01 0.01, 0.01, 0.01
4 SPE 0.1 0.01, 0.01, 0.01
1 1,1,1
0.01 0.009, 0.01, 0.007
5 QuEChERS 0.1 0.089, 0.099, 0.095
1 1,1,0.98
0.01 N.D, 0.009, 0.008
6 Static extraction 0.1 0.09, 0.09, 0.09
Oxydemeton- 1 0.88, 0.88, 0.89
methyl 0.01 N.D,N.D, N.D
7 Changing PH 0.1 0.04, N.D, 0.06
1 0.55,0.90, 0.91
0.01 0.008, 0.009, 0.003
8 SPE 0.1 0.090, 0.096, 0.099
1 1,1,1
0.01 0.009, 0.009, 0.009
9 QuEChERS 0.1 0.96, 0.92, 0.99
1 0.99, 0.99, 0.99
0.01 N.D,N.D, N.D
10 Static extraction 0.1 0.060, 0.060, 0.075
Phosalone 1 0.86, 0.82, 0.99
0.01 N.D,N.D, N.D
11 Changing PH 0.1 0.054, N.D, N.D
1 0.50, 0.65, 0.70
0.01 0.0095, 0.0093, 0.0089
12 SPE 0.1 0.092, 0.099, 0.095
1 1,099, 1

ND: Not detected
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Table 5- Comparison of different extraction method on spiked barberry which were pesticide-free (remaining amount in
distilled water applied in to the results)

Spike Mean

No. Pesticide Extraction Concentration Result (3 replications) recovery RSD
method %
(mg/kg) %
0.01 0.012, 0.009, 0.01
1 QuEChERS 0.1 0.07, 0.08, 0.099 100.7 2.7
1 0.99,0.98, 1
Static 0.01 0.0066, 0.0010, 0.022
2 extraction 0.1 0.046, 0.049, 0.048 102.8 12.7
Diazinon 1 0.84, 0.7, 0.85
0.01 N.D,N.D, N.D
3 Changing PH 0.1 0.012, 0.04, 0.024 36.6 12.7
1 0.62, 0.80, 0.74
0.01 0.081, 0.075, 0.077
4 SPE 0.1 0.039, 0.040, 0.082 98 5.9
1 0.98, 0.73, 0.89
0.01 0.009, 0.006, 0.008
5 QuEChERS 0.1 0.043, 0.085, 0.050 90.1 5.0
1 0.92, 0.99, 0.93
Stati 0.01 N.D, 0.019, N.D
¢ o trj‘fﬁcon 0.1 0.022, 0.020, 0.019 77 0.5
Oxydemeton- 1 0.80, 0.92, 0.80
methyl 0.01 0.001, N.D, N.D
7 Changing PH 0.1 0.030, 0.011, 0.029 50.5 4.8
1 0.45,0.17,0.11
0.01 0.008, 0.009, 0.023
8 SPE 0.1 0.080, 0.096, 0.049 94.9 3.5
1 0.92,0.97, 0.86
0.01 0.008, 0.009, 0.009
9 QuEChERS 0.1 0.86, 0.82, 0.89 96.7 4.9
1 0.99, 0.98, 0.99
. 0.01 0.002, N.D, N.D
Static
10 extraction 0.1 0.044, 0.040, 0.023 82.9 1.9
Phosalone 1 0.76, 0.82, 0.79
0.01 N.D,N.D, N.D
11 Changing PH 0.1 0.021, 0.004, 0.01 106.5 10.9
1 0.53, 0.64, 0.75
0.01 0.0095, 0.0093, 0.0089
12 SPE 0.1 0.09, 0.05, 0.05 49.1 1.9
1 0.92, 0.96, 0.90

ND: Not detected
RSD: Relative standard deviation

As shown on table 6, in the second year, because of rising temperatures and reduced rainfall,
which leads to flooding aphids, aphids were flooding on September, so more chemical pesticides
have been used in the region. Although no pesticides were used in the under study area, Also, in
addition to tracking pesticides, other toxins has been found with a very low concentration by
GCMS full scan method, which has been used in the region and came as drift. such as Dimethoate,
Dursban & Acetamiprid.
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Table 6- The amount of selected pesticide residues tracking of the barberry Chromatography-Mass Spectrometry

.. LOQ  Recovery(%)* Residue in First Year (mg Kg D)
Pesticide (mg/kg)  +RSD I 2 3 4 5 6
Diazinon 0.005 92.3+1.17 0.1 0.1 BDL BDL BDL BDL
Oxydemeton methyl 0.01 89.88+1.1 1.37 BDL BDL BDL BDL BDL
Phozalone 0.01 79.1740.1 BDL BDL BDL 0.26 BDL  BDL

*: Means of three experiments.
BDL=Below Detection Limit
RSD: Relative standard deviation
LOQ: Limits of quantitation

Pesticide LOQ  Recovery(%)* Residue in Second Year (mg Kg h
(mg/kg) +RSD 1 2 3 4 5 6
Diazinon 0.005 92.3+1.17 1.22 1.90 BDL BDL 0.99 0.01
Oxydemeton methyl 0.01 89.88+1.1 1.45 0.50 0.87 0.011 0.05 BDL
Phozalone 0.01 79.17+0.1 BDL 0.01 0.02 0.11 BDL BDL

*: Means of three experiments.
BDL=Below Detection Limit
RSD: Relative standard deviation
LOQ: Limits of quantitation

Discussion

In this study, four different methods of extraction and purification were compared on spiked
barberry that represents the differences;

Times of extractions in SPE was about 40 minutes and for QUEChERS was about 60 minutes,
although the SPE extraction has shorter time, but the results show that QUEChERS was more
accurate. Calatayud-Vernich et al. (2016a) analyzed 58 pesticides in dead honey bees (Aphis
mellifera L.) in very low density by QUEChERS. Blasco et al. (2011) tested different extraction
procedures of 12 organophosphorus and carbamates insecticides in honey samples and the
QuEChERS method recovery’s was between 78 and 101% and the SPE method recovery’s reported
between 72 and 100%.

Changing PH and Static extraction showed the worst results. Although Rumpold & Schlueter
(2013) checked 236 nutrient compositions in addition to amino acid spectra and fatty acid
compositions in insects as a traditional food and have been used static extraction and found some
pesticides such as dimetoate and dorsban.

Changing PH was the cheapest and quickest method but it did not have acceptable results. This
study demonstrated that QUEChERS extraction rapidly extracted pesticides from Barberry with
good accuracy and precision. QUEChERS could be introduced as a means of determining pesticides
residual levels in Barberry. Calatayud-Vernich et al. (2016a) proved that the QUEChERS method
was the most efficient method for the extraction of the selected pesticides in honey and honeybee.
Guan et al. (2013) noted that QUEChERS method is suitable for extraction of pesticides in tea,
which has different pretreatment conditions such as longer soaking and extraction time to be
soaked. Niell et al. (2015) extracted pesticides thiacloprid, imidacloprid, methomyl, carbaryl,
hexythiazox, azoxystrobin, pyraclostrobin, tebuconazole, and haloxyfop-methyl at 0.0001-0.01
mg/kg levels in beehive by QUEChERS method.

These findings revealed that 45 % of collected Berberis vulgaris were contaminated with the
pesticides residues. The findings of recent study might help in extending awareness in farmers and
local people about pesticides and their hazardous effects on humans.
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