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Table 1- Optimized condition of the HPLC-DAD for analysis of carbamate insecticides in apple samples

Column

Mobile phase
Injector
Detection wavelength

Zorbax SB-Aq C18 column, L=15 c¢m, ID= 4.6 mm, Particle size= 5 um
A gradient elution composed of methanol:water (35:56 (v/v)), 0.7 ml/min
Temperature: 40 °C, Loop= 10 uL

205 nm for Carbaryl, 223 nm for Pirimicarb, and 228 nm for Aldicarb
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40 -

Extraction recovery (%)
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I
I
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20 -
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0
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ethylene glycol urea acetic acid

Figure 1- Selecting the type of extracting solvent in QUEChERS stage for the extraction of carbamate pesticide
residues from apple samples.
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Figure 2- Selecting the volume of extracting solvent in QUEChERS stage for the extraction of carbamate pesticide
residues from apple samples.
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Figure 3- Optimization of the microwave effect in QUEChERS stage for the extraction of
carbamate pesticide residues from apple samples.
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Figure 4- Selecting the type of solvent in DLLME stage for the extraction of carbamate pesticide residues from apple

samples
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Figure 5- Selecting the volume of solvent in DLLME stage for the extraction of carbamate pesticide residues from
apple samples
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Figure 6- Optimization of salt addition in DLLME stage for the extraction of carbamate pesticide residues from apple
samples

S Sl 0a3londly g il (gl (i qalo — ule &5ty S s po g3 (F5SKad 31 (g jlwdliage =T JSCd
g (Sdiged 51 (Slaly)l8

Cunw (sLAIged 51 Tlob, 5 sl WSS Tl g S0iw! (5ly ol 8315 drwgi (Wwigy Sumw Wi 0B, -Y Jous
Table 2- Quantitative features of the developed method for carbamate pesticides extraction from apple samples

Analyte LR? LOD®  LOQ® r2d precision (RSD%)® ER+SD" EF+SDY
Intra-day Inter-day
Carbaryl 14.0-2000 4.2 140  0.995 3.2 3.9 2+70 10 + 350
Aldicarb 12.0-2000 3.6 120  0.999 4.1 4.8 3+67 154335
Pirimicarb  10.7-2000 3.2 10.7  0.998 2.6 2.9 4+ 75 15+ 375

a) Linear range (ng g ")

b) Limit of detection (S/N=3) (ngg™")

¢) Limit of quantification (S/N = 10) (ng g ")

d) Coefficient of determination

e) Relative standard deviation (n = 5)

f) Extraction recovery + standard deviation (n = 3)
g) Enrichment factor + standard deviation (n = 3)
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Figure 7- Typical HPLC-DAD chromatograms of direct injection of standard solution of the target analytes at a
concentration of 10 mg L™ (1) and unspiked apple sample (11) after performing the developed method. Peak
identification: (1) Carbaryl, (2) Aldicarb, (3) Pirimicarb.
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Table 3- Results of assays to check the apple sample matrix effect for carbamate pesticides extraction

Mean relative recovery + standard deviation (n = 3)
Analyte Samplel Sample2 Sample3 Sample4 Sample5 Sample6 Sample7

All samples were spiked with each analyte at a concentration of 15ng g~

All samples were spiked with each analyte at a concentration of 50 ng g~

Carbaryl 84+1 89+4 92+3
Aldicarb 98 +4 92+5 92+3
Pirimicarb 89+5 86 +2 91+4
Carbaryl 98 +2 915 9% +4
Aldicarb 93+4 94 +2 92+4
Pirimicarb 96 + 4 95+ 3 85+5

9% +5 87+3 93+4 95+4
95+ 2 92+3 84+3 89+2
97 +3 98 +4 96 + 2 91+2
1

973 93+4 97 +3 95+4
90+5 95+2 91+4 96 + 3
83+4 912 90 + 3 92+4
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Abstract

Introduction: Today, the use of pesticides has become an essential part of agricultural activities. Due to
their relatively short lifespan, strong effect, and extensive variety of biological activities, carbamates are
one of those that are frequently utilized as insecticides. The need to monitor the presence of pesticides in
food products is a major concern because of their major risk on consumers' health.

Materials and Methods: In the current research, Aldicarb, Carbaryl, and Primicarb insecticides were
extracted from apple samples using a combination of QUEChERS technique with dispersive liquid-
liquid microextraction, and their determination was carried out using HPLC-DAD. For this purpose,
the effect of the effective factors in the two stages of the proposed extraction process was investigated
and optimized. Also, merit figures including linear range, limits of detection and quantification,
repeatability, enrichment factor, and extraction recovery were calculated in order to validate the
developed method.

Results: Concerned with the broad linear range (10.7-2000 ng/g) and the repeatability based on
RSD% of 2.6 to 4.8, the proposed method proved highly capable of extracting the desired pesticide
residues from apple samples. Under optimal conditions, the suggested approach had an extraction
efficiency of 67-75%, an enrichment factor of greater than 335, and limits of detection and
quantification of less than 4.2 and 14 ng/ml, respectively, which were less than the MRLs set for these
pesticides in fruits and vegetables. The mentioned method was successfully performed on real apple
samples and the results revealed that the samples did not contain any of the expected carbamates.
Conclusion: In general, the developed method has the necessary ability to detect carbamate
insecticides in apple samples. This method offers several advantages of being simple and reliable,
employing green solvents, and short analysis time.

Keywords: Carbamate Insecticides, Dispersive Liquid-Liquid Microextraction, High Performance
Liquid Chromatography, QUEChERS.
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