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Abstract: Simple, accurate and sensitive method for determination the herbicide residues (Pyroxsulam 4.5% OD) in wheat cultivar (Iba
99) and cultivar (Abu Ghraib 3) and a field soil, a field trial was conducted during winter seasons of 2016-2017 at Abu Ghraib Research
Station, the Agricultural Research Department, Ministry of Agriculture. A simple method QUEChERS includes extraction by acetonitrile
for Pyroxsulam from (wheat, soil) after that clean up by dispersive solid phase extraction -with PSA, GCB and MgSO4. Using High
performance liquid chromatography having UV/visible detector for the detection of herbicide residues. The two cultivars were similar in
dissipation of pyroxsulam in wheat plant, where as the concentration rises to a higher value in fifth day with respect to cultivar (Abu
Ghraib 3) and in fourth day with respect to cultivar (Iba 99), the average recovery percentage of Pyroxsulam for wheat plant, was
100.4% and 99.8% for field soil. The average of relative standard deviation percentage of Pyroxsulam for wheat plant was 0.02% and
0.04% for field soil. Residue of pyroxsulam was not detected in harvest samples of wheat grain and field soil. Pyroxsulam could be
consider as a good herbicide of low —toxic and no residual effect on wheat and soil when used in the recommended dose and in optimal

conditions in lIrag.
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1. Introduction

Wheat is one of the most abundant sources of
carbohydrates and protein for human being and animals, to
achieve food security it is necessary to increase production
[1]. Weeds are one of the most major reasons for the lower
yields of crops in the country [2]. Weeds are strong
competitors and concealed enemies of crops because of
their abundant growth under different environmental
conditions. Herbicides used to control weeds in different
parts of agriculture, has many of benefits for example
increase amount of food crops [3]. Several herbicides are
used in Iraq to control weeds of the wheat such as Topic,
Harmony, 2.4.D., Lintur, Chevalier, Granstar, Illoxan,
Atlantis and Pallas. The herbicide used in this study is
Pallas 45% OD the selective herbicide used to control of
weeds in spring and winter wheat by ground or aerial
application register in 2008 by Dow Agro Sciences LLC,
its standard material Pyroxsulam, which is absorbed by
the leaves and inhibits the formation of the enzyme
Acetolactate Synthase Enzyme (ALS) thus preventing
manufacturing amino acids and then stopped cell division
and growth and then the death of the weeds.

The wrong use of herbicide leads to accumulation of
residues in food crops and soil [4], the method of
accumulation monitoring is important when herbicide go
by different dissipation pathways in plants and in soil [5].
For this reason, this study was determinate herbicide
residues in wheat plant and soil by using QUEChERS[6]
with high performance liquid chromatography (HPLC).
Using Simple, accurate and sensitive method for extraction
Pyroxsulam from the wheat cultivars (Abu Ghraib 3) (Iba
99) and field soil, after that clean up by dispersive solid-
phase extraction[7] with a different sorbent of (Primary
Secondary Amine, anhydrous Magnesium Sulfate and
Graphitized Carbon Black) for wheat plant, used C;g rather

than GCB for clean up the soil.So as to better balance
between benefits of pesticides in agriculture and risks to
human being, environment and food, in this study
determination of herbicide residues (Pyroxsulam 4.5%0D)
in Iraqi wheat cultivar (Aba 99) and cultivar (Abu Ghraib
3) and a field soil using QUEChERS to extraction and
clean up the pyroxsulam from wheat and soil, detection by
HPLC.

2. Materials and Methods

Chemicals and apparatus 1-

All Chemicals and solvents were used in this study are
HPLC- grad were of the highest purity and obtained from
National Center for Pesticide Control (NCPC) /Ministry of
Agriculture  (Baghdad). which were described in
following: pyroxsulam standard purity (96.5%) were
obtained from DowAgro Sciences (USA); Acetonitrile
purity (99.9%) from Labscan Ltd. (Ireland); Deionize
water  super  purity solvent from  Romil-SpS
(Cambridge);Acetic acid glacial purity 99.5% from
Scharlab S.L. (Spain); Anhydrous magnesium sulfate
MgSO, from Sigma Chemical (U.S.A); Sodium chloride
NaCl from Avantor (U.S.A). Primary secondary amine
(PSA) (40-60 um), Graphitized Carbon Black (GCB) (200-
400 mesh) and C18 (50 um, 60A°) were from Restek Q-
sep (U.S.A).

2-HPLCsystems

A Shimadzu LC-20AD (UFLC) Ultra Fast Liquid
Chromatography, High performance liquid
chromatography with UV/visible detector was used for
determination of herbicide. Separation was performed on
reversed phase Kromasil Cyg column (4.0mm x250 mm)
with a Sum particle size (Touzart & Matignon, France)The
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column was thermostated at 40°C. Mobile phase consisted
of acetonitrile: water (90:10 v/v) as isocratic elution was
pumped at flow rate of 0.5 mL min-1, injection volume
was 5 pL, the wavelength of the UV/visible detector was
fixed at 280 nm and the run time was 10 min per sample.

3-Field experiments

A field trial was conducted during winter seasons of 2016-
2017 at Abu Ghraib Research Station, the Agricultural
Research Department, Ministry of Agriculture. The
experiment was laid out in Randomized Complet Block
Desgin (RCBD) in three replicates, each experimental plot
was 12 m? (3mx4m) for each plot and was separated by
irrigation channels, soil was examined before the
cultivation process in the laboratories of the soil
department of Agricultural Research as the results were as
follows: organic matter, 0.86%; pH 8; EC 4.27 ds.m";
texture, Clay Soil; sand 16%;silt 39%;clay 45%; and NPK
(avail.)  Nitrogen70.0  ppm; Potassium  592ppm;
Phosphorus 24.16ppm. Manually planted the wheat seeds
cultivar (Iba 99) and cultivar (Abu Ghraib 3) on the lines
of distance between line and another 20 cm at a seed rate
(120 Kg.ha™) in 2016/11/15. When the wheat at 2-3 leaf to
jointing stage, were sprayed with Pallas herbicide at the
applied dose was 125 ml/donum (Iragi donum) in
2017/1/19. wheat plant and soil samples were randomly
collected at about 2h, 1, 2, 3, 4, 5, 6, 7, 14, 30, 45, 60, and
90 d after spraying.

4-Standard preparation

For preparation of stock solution, were weighted 0.02 gm
of pyroxsulam standard and dissolved in acetonitrile and
was transferred to volumetric flask of 100 ml diluted to
mark by using acetonitrile solvent to prepare 200 pg.ml*
stock standard, the stock solutions were then diluted with
acetonitrile in order to obtained the standard solutions for
spiking and calibration curve. The standard solutions were
freshly prepared, filtered through 0.45 pm membrane
filters, and kept at 4 C° in the dark.

5-Extraction and D-SPE cleaned up of Pyroxsulam
residue in wheat

Homogenized samples of (5g of wheat plant, 2g of straw
and5g of grain) were taken separately in 50 mL centrifuge
tube, 10 mL acetonitrile containing 1% (v/v) of acetic acid
were then added to the sample, subjected to vortex (REAX
top, Heidolph—Germany) for 1 min. After added anhydrous
MgSO4 (2 g) and NaCl (1 g) and vortexed for (1 min).
Following that centrifugation (4K 15, Sigma —Germany) at
4000 rpm for (5 min), after that which provides a perfect
physical separation of phases. For cleaned up using
dispersive solid phase extraction (D-SPE), 1 mL of the
supernatant was transferred into a 1.5 mL microcentrifuge
vial containing 50 mg PSA sorbent;150 mg anhydrous
MgSO4and 50 mg GCB, vortexed vigorously for 1 min,
centrifuged (Micro ceterifuges, Hettich zentrifugen —
Germany) for (3 min) at 6000 rpm, the acetonitrile layer
was filtered through a 0.45 um membrane filter (Cellulose
acetate membrane filter, Chm-Spain) for injected to
HPLC. Flow diagram of the QUEChERS method for wheat

plant was summarized in below Figure (1). Added 1 mL of
water to (straw, grain) samples in the extraction step,
because this technique was used for samples with 75%
wetness, and to be modified to dry samples such as wheat
grains, for products with a water content lower than 25%
like straw, spices and dried fruits, added water so as to
make sample pores more easily to the extraction solvent
[13-11].

6-Extraction and D-SPE cleaned up of pyroxsulam
residue in Soil

Homogenized soil (5 g) was weighed into 50 mL
centrifuge tubes. Samples were ultrasonically extracted
(Ultra sonic bath, FS300, Decon-England) in a mixture of
10 mL acetonitrile, 2 mL water and 100 mL acetic acid,
for 15 min. Anhydrous MgSO4 (2 g), NaCl (1 g) were
added and vortexed for (1 min). After that centrifugation at
4000 rpm for (3 min). For clean up, 1mL of the
supernatant was transferred into a 1.5 mL microcentrifuge
tube (D-SPE tube) already containing, 50 mg PSA sorbent,
150 mg anhydrous MgSO, and 50 mg C18, vortexed
vigorously for (1 min), following centrifuged at 6000 rpm
for (3 min), the acetonitrile layer was filtered through a
0.45 pm membrane filter for analyzed by High
Performance Liquid Chromatography (HPLC). Flow
diagram of the QUEChERS method for soil was
summarized in below Figure (2).
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Figure 1: Flow-chart of QUEChERS method for wheat
plant
Extraction steps
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Figure 2: Flow-chart of QUEChERS method for soil
sample

3. Results and Discussion
1-Linearity, detection limits and recovery:

In this study a calibration curves were prepared by taking
the area corresponding to different concentrations of
matrix match calibration standard of pyroxsulam (Fig. 3).
A linearity check study was done with the help of matrix
match calibration standard (Fig.1, 3), to know the
interference of substrate.

Good linearity was observed in the studied range was from
0.03 upg.mli* to 200 pg.ml'with the determination
coefficient R2 = 0.9995, limit of detection (LOD) and limit
of quantification (LOQ) considered when signal to noise
ratio of 3:1 and 10:1, respectively. LOD and LOQ were
determined as 0.007 pg.ml™ and 0.02 pg.ml* for
pyroxsulam respectively.

Recovery studies were carried out to establish the validity
of the analytical method and to know the efficiency of
extraction and clean up steps employed in this study, by
fortifying the wheat plant and field soil samples with
different levels of the analytical standard solution. The
standard solutions of Pyroxsulam was added to the

untreated wheat plant levels of (20, 1, 0.02)ug.ml™ and
soil samples at levels of (25, 1, 0.08) pg.ml™. The fortified
samples were analyzed using the procedure described with
five repetitions, (Fig.4) shown the chromatograms
obtained from (a) blank real sample, (b) real sample spiked
with 1 pg.ml™ (c) pyroxsulam standard solution. The
results suggested that the average recoveries of
Pyroxsulam in wheat plant was 100.4%, in soil was 99.8%,
with the relative standard deviation (RSD) 0.024% and
0.043% respectively were listed in Table 1.

2500000
2000000
PeAR00000
ardB00000
500000

0

0 50 PPm150 200 250
Figure 3: Calibration curve of pyroxulam from (0.03 to
200)
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Figure 4: HPLC chromatogram of (a) blank real sample,
(b) real sample spiked with 1 pg.ml™ (c) pyroxsulam
standard solution

Table 1: RSD and average recovery of Pyroxulam in
samples spiked at different levels

Sampl S|£\I,tfs Founc:_ Rec. (% RSD (%
ample (ug.ml (ug}.)m ec. (%) (%)
)
Wheat 20 19 101.8 0.004
1 0.96 100.1 0.03
0.02 0.019 99.5 0.004
Average 100.4 0.012
Soil 25 21 103.1 0.07
1 0.82 96.7 0.04
0.08 0.65 99.5 0.02
Average 99.8 0.043
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2-Pesticide residues in wheat and field soil

The dissipation trends of pyroxsulam in wheat plant
cultivar (Abu Ghraib 3) and cultivar (Iba 99) were shown
as in figure (5, 6) respectively. The results showed that
pyroxsulam dissipated in two cultivars rapidly after
application. The initial concentration of pyroxsulam in the
cultivar (Abu Ghraib 3) was 52 ppm, while the initial
concentration of pyroxulam in the cultivar (Iba 99) was 64
ppm, the two cultivars were similar in dissipation of
pyroxsulam in wheat plant. Whereas the concentration
rises to a higher value in fifth day with respect to cultivar
(Abu Ghraib 3) and in fourth day with respect to cultivar
(Iba 99), after that, the pyroxsulam concentration was
rapidly decreased to reached 0.01 in fourteenth day in two
cultivars, then continued declined regularly to the harvest
period, At after harvest intervals not detected pyroxsulam
residue in wheat grain. The dissipation of pyroxsulam in
field soil as shown in figure (7). The initial concentration
of pyroxsulam in the soil at two hours after spraying was
reached to the highest concentration, thereafter continued
declined regularly to the harvest period, not detected of
pyroxsulam residue in field soil after harvest intervals.

AN AR IR R AR NS
Figure 5: dissipation of pyroxsulam in wheat cultivar
(Abu Ghraib 3)

e

Figure 6: dissipation of pyroxsulam in wheat cultivar (Iba
99)

Figure 7: dissipation of pyroxsulam in soil field

4. Conclusions

The effect of herbicide Pallas (active ingredient
pyroxsulam) was studied on two cultivars of Iragi wheat

and assessment the residual of herbicide in wheat plant and
soil. The dispersion of pyroxsulam in the wheat plant for
both cultivars Iba 99 and Abu Ghraib 3 is not very
different, as the concentration gradually increases after
spraying until it reaches its highest value and then
decreases rapidly and fades. The concentration of
Pyroxsulam in wheat and soil after harvest time less than
detection limit when used at the recommended dose and in
optimal conditions. No codex, European Union or United
States of America MRLs value for pyroxsulam in wheat or
other material were established, but found tolerances for
pyroxsulam in wheat plant (0.001ppm) were awaiting in
Canada and Australia [12] therefore, this work helps to
spread MRLs for pyroxsulam in wheat plant to give
information about fade and right use of these herbicides,
Pyroxsulam could be consider as a good alternative to
high-toxicity herbicides in Iraqg.
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