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. Soxhlet extraction

. Ultrasonic solvent extraction

. Pressurized liquid extraction

. Single-drop microextraction

. Microwave-assisted extraction

. Supercritical fluid extraction

. Solid-phase extraction

. Solid phase microextraction

. Quick, easy, cheap, efficient, rugged, and safe
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Table 1. Physico-chemical properties of diazinon and edifenphos (Hornsby et al., 1996; Tomlin, 2011)

Pesticide Physico-chemical characteristics

IUPAC name

O-diethyl O-2-isopropyl-6-methylpyrimidin-4-yl

phosphorothioate

Chemical formula C12H21N203PS

Vapor pressure (mPa) 12 (25 °C)
Diazinon Log Kow 3.30

Water solubility (mg L) 60

Soil half-life (days) 11-21

Koc 609

IUPAC name O-ethyl S,S-diphenyl phosphorodithioate

Chemical formula C14H1502PS;

Vapor pressure (mmHg) 2.7x107

Log Kow 3.48
Edifenphos  Water solubility (mg L™2) 56

Soil half-life (days) 21

Henry’s law of constant

(atmr.}r/n3.mol'1) 7.6x107%°

Koc 1900
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Table 2. Properties of the four methods used for extraction of diazinon and edifenphos from paddy

soils
Extraction Soil Water Extraction Salt addition
method (9) addition solvent
10 mL 4 g anhydrous MgSO4 +1 g NaCl
Method 1 10 No acetonitrile (1 min shaking+ 1 min centrifuging at 6000
(1 min vortex) rpm)
- 4 g anhydrous MgSO4 +1 g NaCl
Method 2 10 3 mL 7 mL gcetonltrlle (1 min shaking+ 1 min centrifuging at 6000
(I min vortex) (1 min vortex) rpm)
.- 4 g anhydrous MgSQO4 +1 g NaCl
Method 3 5 3 mL 7 mL gcetonltrlle (1 min shaking+ 1 min centrifuging at 6000
(I min vortex) (1 min vortex) rpm)
3mL 7 mL 4 g anhydrous MgSO4
Method 4 5 ethylacetale (1 min shaking+ 1 min centrifuging at 6000

(I min vortex)

(1 min vortex)

rpm)

7. Method accuracy and precision
8, Relative standard deviation

°. Method of linearity

0. Standard calibration

I Matrix-matched calibration

NN — —
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Figure 1. Peaks related to the concentrations of A) 2.5 pg.g?, B) 5 ug.g* of diazinon (RT: 7.8 min)
extracted from the soil A and concentrations of C) 2.5 pg.g, D) 5 pg.g* of edifenphos (RT: 10.5 min)
extracted from the soil B
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22, Method sensitivity

23, Instrumental detection limit

4, Instrumental quantification limit
3. Estimated method detection limit
¢, Method selectivity
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Table 3. Physico-chemical properties of the two experimental soils

. . . Soil type
Physico-chemical properties Soil A SoilB
Soil Texture (USDA classification) Silty clay Silty clay
Sand (%) (50-2000 pm) 10.03 (1.5)" 0.12 (0.04)
Silt (%) (2-50 pm) 41.01 (2.3) 52.04 (2.11)
Clay (<2 um) 49.02 (1.8) 47.88 (1.05)
pH (Saturated soil) 7.90 (0.32) 6.07 (0.23)
Corg (%) 1.25(0.31) 5.34 (0.32)
Nt (%) 0.11 (0.21) 0.15 (0.11)

* means of 3 replicates with standard deviations in parenthesis; USDA: United States Department of Agriculture; Corg: total

organic matter content; Newt: total nitrogen content.
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27, Shapiro-Wilk
28, Leven
2, Least significant difference
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Figure 2. Mean comparison of the interactions between the effects of two soils (A and B) (Table 3),
four extraction methods (Table 2) and three levels of soil spiking with diazinon on its recovery. Levels
1, 2 and 3 of spiking correspond to spiking with concentrations of 0.5, 2.5 and 5 pg.g, respectively.
Columns with similar letters do not differ significantly (LSD, P<0.05)
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Figure 3. Mean comparison of the interactions between the effects of A) extraction methods and soil
types, and B) extraction methods and spiking levels with edifenphos on the recoveries of this pesticide
from soil. The extraction methods 1-4 are explained in Table 2. Levels 1, 2 and 3 of spiking
correspond to spiking with concentrations of 0.5, 2.5 and 5 pg.g?, respectively. Columns with similar
letters do not differ significantly (LSD, P<0.05)
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Table 4. Calibration curve properties for diazinon and edifenphos

Pesticide Soil Calibration Calibration Parameter 950 UCL  95% LCL  r2
type parameters amounts
Slope 38737.81 38940.77 38534
A Standard Intercept 344.90 1389/73  -699.93 099542
Matrix- Slope 35371.56 36322 34421 099213
Diazinon matched Intercept 1176.14 6069.36 -3717.08
Standard Slope 38737.81 38940.77 38534 0.99542
B Intercept 344.90 1389/73 -699.93
Matrix- Slope 31359.35 31879.08  30839.63 0.99876
matched Intercept 2985.06 5660.52 309.59 '
Slope 17775.31 17755.52  17395.10
A Standard Intercept 2154.63 308233 122692 099870
Matrix- Slope 17569.60 18418.70  16720.52 0.99952
Edifenphos matched Intercept 3710.06 8081.59 -660.40 '
Standard Slope 17775.31 17755.52  17395.10 0.99875
B Intercept 2154.63 3082.33 1226.92 '
Matrix- Slope 16708.03 17394.76  16021.30 0.99387
matched Intercept 1291.94 4827.10 -2243.23 '

UCL: Upper Confidence Interval; LCL: Lower Confidence Interval
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Table 5. Extraction method sensitivity for diazinon and edifenphos

Pesticide Soil IDL IQL EMDL EMQL

(ug.g%) (hg.9™) (ug.9™) (hg.g™)
Diazinon A 0.47 1.56 0.10 0.33
B 0.29 0.97 0.07 0.24
Edifenphos A 0.84 2.81 0.16 0.52
B 0.71 2.38 0.16 0.54

IDL: Instrumental detection limit; IQL: Instrumental Quantification limit; EMDL.: Estimated method Detection Limit; EMQL.:

Estimated Method Quantification limit
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Abstract

In this research, the efficiency of diazinon and edifenphos extraction from two paddy soils with
different organic contents was investigated using a modified QUEChERS extraction method. The
methods included extraction of 10 g soil using acetonitrile with or without the addition of water to the
samples, extraction of 5 g soil using acetonitrile with the addition of water to the samples, and extraction
of 5 g soil using ethylacetate with the addition of water to the samples. The clean-up was carried out
using dispersive solid phase extraction (dSPE). The pesticides quantification was performed using a
liquid chromatography system equipped with a UV/VIS detector. According to the results, soil organic
matter contents affected the recoveries of the two pesticides significantly. Factors such as reducing the
sample size to 5 g, hydrating of the samples prior to extraction, and using ethylacetate as the solvent
increased the extraction efficiencies of the two pesticides significantly. Best recoveries (70-100%) and
relative standards deviations (RSDs) (<20%) were achieved using 5 g soil as the sample with the addition
of water and extraction using ethylacetate. The method had a good linearity within the range of 0.5-10
Hg gl The sensitivity of the method was confirmed by the estimated method detection and
quantification limits between 0.07-0.54 ug g™.
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