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4. Parent ions
5. Daughter ions
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1. Electro Spray Ionization
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3.Spike
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Table 1 Names, molar masses, MRM parameters, ion ratios and retention times of the studied
pesticides for LC-MS/MS analysis.

a= o= 2
& s < & S = & o] T, é o] g <
= e &
1 Acephate 183 [M+H] 15 184—143 3 184—125 30 2.95 164
2 Acetochlor 269 [M+H] 20 270224 15 270148 15 1993 154
3 Alachlor 269 [M+H]' 22 270238 17 270162 17 1995 152
4 Atrazine 215 [M+H] 36 216174 20 21696 24 1572 L1l
5 Aﬁi‘;ﬁg‘is’ 317 [M+H]' 20 318—160 10 318261 10 1799 1134
6 Azoxystrobin 403 [M+H]' 2 404—372 15 404329 30 1831 249
7 Benalaxyl 325 [M+H]' 30 32691 20 326316 34 21.57 0
8 Bioallethrin 302 [M+H]' 20 303123 15 303—151 10 2413 1.69
9 Bitertanol 337 [M+H]' 20 33870 17 33899 8 2132 471
10 Buprofezin 305 [M+H] 30 30657 20 306201 15 2434 282
11 Carbendazim 191 [M+H] 30 192160 20 192132 26 9.48 3.06
12 Carbosulfan 380 [M+H] 40 381118 25 38176 34 2687  1.57
13 Carboxin 235 [M+H] 32 236143 16 23687 22 1461 339
14 Chlormequat 122 M 20 122 58 20 12458 20 2.66 3.08
15 Chl;rept{l;ilf"s' 321 [M+H]' 34 3225125 20 322290 18 2293 274
16 C;;’s;‘:g}’}l” 349 [M+H]' 20 350266 22 35091 20 20.18 135
17 Clofentezine 302 [M+H] 25 303102 35 303138 33 204 127
18 Cypermethrin 415 [M#NH]® 15 4335191 15 4335127 41 25.7 5.02
19 Cyproconazole 291 [M+H]' 30 292125 28 292570 20 2029 272
20 Cyprodinil 225 [M+H]' 40 22693 38 226108 27 2204 126
21 Deltamethrin 505 [M+H]' 30 506281 44 50693 12 2573 295
22 Difenoconazole 405 [M+H]' 40 406251 25 406337 20 202 1672
23 Dimethenamid 275 [M+H] 23 276244 18 276168 24 17.61 25
24 Dimoxystrobin 326 [M+H] 25 327116 12 327205 20 1998 261
25 Diniconazole 325 [M+H] 15 32670 30 326159 34 25 1559
26 Disulfoton 274 [M+H] 18 27589 22 27561 35 279 24
27 Ethion 384 [M+H] 20 38597 10 385199 43 2439 116
28 Ethoprophos 242 [M+H] 26 24397 28 2435131 15 1949 124
29 Fenamiphos 303 [M+H]' 32 304217 25 304202 32 1977 196
30 Fenarimol 330 [M+H]' 20 331268 20 33181 20 1978 2.57
31 Fenbuconazole 336 [M+H]' 32 33770 16 337125 35 19.58 1.6
32 Fenhexamid 301 [M+H]' 41 30297 22 30255 31 1976 181
33 Fenpyroximate 421 [M+H]' 32 4225366 15 4225138 35 2559 1.92
34 FC“O’C‘;“}?;{’?'P' 361 [M+H] 20 362121 25 362288 25 23.64 12
35 Fenpropathrin 349 [M+H] 20 350125 15 35097 20 25.14 422
36 Fli‘;‘g:gg;;/[' 363 [M+H]' 20 364—105 20 36477 50 2043 2.7
37 Fluoxastrobin 458 [M+H]' 30 459188 36 459427 24 19.56 1.3
38 Flutriafol 301 [M+H]' 32 30270 25 302123 20 1635 175
39 Foramsulfuron 452 [M+H]' 32 4535182 20 4535272 15 6.05 4.52
AgAY


http://dx.doi.org/10.22034/FSCT.19.126.343
https://dorl.net/dor/20.1001.1.20088787.1401.19.126.6.7
https://fsct.modares.ac.ir/article-7-53287-fa.html

[ Downloaded from fsct.modares.ac.ir on 2024-12-26 |

[ DOR: 20.1001.1.20088787.1401.19.126.6.7 ]

[ DOI: 10.22034/FSCT.19.126.343]

wegokile B Ol p Sl g sl gladal oL

OHes 5 Jlo s 085

49
50
51
52
53
54
55
56
57
58
59
60

Haloxyfop 361 [M+H]* 10
Hexythiazox 352 [M+HT* 26
Imazalil 296 [M+H]' 35
Imazz_*:n“g;hyalbcn 288 [M+H] 10
Isoproturon 206 [M+H]* 35
Linuron 248 [M+H]* 25
Mepiquat 114 ™M1 30
Mes{‘r’lse‘illl;ul“’“’ 503 [M+H]' 38
Metalaxyl 279 [M+H]' 24
Penconazole 283 [M+H]' 28
Phosalone 367 [M+H]' 20
Phosmet 317 [M+H]' 30
Pinoxaden 400 [M+H]* 10
Prallethrin 300 [M+H]* 15
Primicarb 238 [M+HT* 27
Prochloraz 375 [M+HT* 20
Profenofos 372 [M+HT* 36
Spiroxamine 297 [M+HT* 40
Sulfosulfuron 470 [M+H]' 25
Tebuconazole 307 [M+H]' 35
Thiodicarb 354 [M+H]' 20
Tr]i';f:‘(’lysll'}*]‘)";p 326 [M+H] 20

362—91 35 362—316 12 23.5
353228 15 353—168 30 24.85
29769 30 297—159 22 20.39
289—144 26 289—161 26 14.13
20772 18 207—47 18 16.62
249—160 15 249—181 15 18.2
114 —58 25 114 —70 25 273
504—182 23 504—83 60 8.64
280—192 17 280—220 20 16.79
284—70 20 284—159 20 20.71
368—182 38 368—111 20 22.32
318—160 30 318—-77 43 17.68
401—-317 17 401—57 17 21.15
301—105 8 301—133 8 23.06
23972 25 239—182 15 15.34
376—308 15 376—266 20 22.17
373—-303 42 373—128 20 23.96
298—144 20 298—100 35 22.86
471211 13 471261 18 8.02
308—70 20 308—125 45 20.8
35588 16 355—108 13 22.57
32777 45 327152 45 20.81

46.32
1.95
1.08

1.51

69.45
13.59
4.58

2.03

3.02
1.73
1.19
3.14
2.32
1.55
4.17
6.14
2.21
1.34
1.44
1691
7.66

1.94
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Table 2 matrix effect in analysis of studied Pesticides in Rice

Solvent-base Matrix-matched .
No. Pesticides calibration curve calibration curve A Matrix
Slope R Slope R? Effect
1 Acephate 0.415 0.992 0.717 0.996 1.729 72.86
2 Acetochlor 0.111 0.997 0.097 0.997 0.875 -12.46
3 Alachlor 0.118 0.997 0.134 0.992 1.133 13.25
4 Atrazine 0.781 0.997 0.761 0.999 0.975 -2.51
5 Azinphos-methyl 1.212 0.998 1.305 0.998 1.076 7.61
6 Azoxystrobin 1.612 0.998 1.608 0.995 0.997 -0.25
7 Benalaxyl 0.578 0.997 1.124 0.994 1.943 94.32
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Bioallethrin
Bitertanol
Buprofezin
Carbendazim
Carbosulfan
Carboxin
Chlormequat
Chlorpyrifos-methyl
Clodinafob-propargyl
Clofentezine
Cypermethrin
Cyproconazole
Cyprodinil
Deltamethrin
Difenoconazole
Dimethenamid
Dimoxystrobin
Diniconazole
Disulfoton
Ethion
Ethoprophos
Fenamiphos
Fenarimol
Fenbuconazole
Fenhexamid
Fenpyroximate
Fenoxaprop-P-ethyl
Fenpropathrin
Flamprop-M-Isopropyl
Fluoxastrobin
Flutriafol
Foramsulfuron
Haloxyfop
Hexythiazox
Imazalil
Imazamethabenz-methyl
Isoproturon
Linuron
Mepiquat
Mesosulfufuron-methyl
Metalaxyl
Penconazole
Phosalone

Phosmet

1.274
0.390
0.360
0.815
0.868
1.424
0.329
0.714
0.344
0.404
0.216
3.962
2.041
0.594
2.559
1.559
1.846
0.586
0.290
3.057
1.757
2.857
0.186
1.923
1.506
3.800
0.788
5.685
2.285
0.370
0.999
0.396
0.325
2.684
2.950
0.215
2.252
0.434
0.660
0.519
0.458
1.107
1.036
0.245

Yo\

0.999
0.997
0.998
0.988
0.986
0.997
0.993
0.998
0.999
0.994
0.991
0.998
0.993
0.993
0.998
0.998
0.999
0.999
0.995
0.989
0.996
0.999
1.000
0.997
0.998
0.991
0.999
0.997
0.994
0.998
0.993
0.995
0.998
0.997
0.994
0.992
0.995
0.995
0.995
0.997
0.998
0.994
0.993
0.996

0.365
1.610
3.851
2.230
1.462
1.065
0.212
0.907
0.346
0.587
0.146
4.711
1.990
0.424
3.798
2.026
3.950
0.889
0.385
5.307
1.823
4.577
0.260
2.653
0.383
2.368
1.883
4.509
3.254
0.455
1.054
0.006
0.692
1.961
2.877
0.183
2.182
0.626
0.715
0.099
0.457
1.821
0.881
0.217

0.995
0.999
0.990
0.998
0.993
0.997
0.993
0.998
0.995
0.987
0.995
0.998
0.997
0.998
0.993
0.999
0.998
0.999
1.000
0.999
0.998
0.996
0.998
0.999
0.986
0.999
0.996
0.999
0.994
0.997
0.996
0.984
0.996
0.999
0.994
0.990
0.996
0.996
0.991
0.998
0.993
0.998
0.991
0.996

0.286
4.127
10.694
2.737
1.683
0.748
0.644
1.271
1.006
1.453
0.677
1.189
0.975
0.713
1.484
1.299
2.139
1.516
1.328
1.736
1.038
1.602
1.396
1.380
0.254
0.623
2.389
0.793
1.424
1.228
1.054
0.015
2.128
0.730
0.975
0.850
0.969
1.443
1.083
0.192
0.996
1.644
0.850
0.885

-71.36
312.69
969.41
173.67
68.35
-25.20
-35.59
27.10
0.59
45.33
-32.25
18.89
-2.48
-28.66
48.38
2991
113.92
51.62
32.83
73.57
3.79
60.17
39.57
38.00
-74.57
-37.68
138.85
-20.68
42.40
22.81
5.43
-98.48
112.76
-26.96
-2.47
-14.97
-3.11
44.26
8.30
-80.83
-0.42
64.41
-14.95
-11.50
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52
53
54
55
56
57
58
59
60
61

Pinoxaden

Prallethrin

Primicarb

Prochloraz

Profenofos

Spiroxamine

Sulfosulfuron

Tebuconazole
Thiodicarb
Triphenylphosphate (TPP)

0.293
0.517
3.945
0.752
0.948
14.060
0.183
3.933
1.126
2.118

0.999 0.131 0.993
0.996 0.842 0.999
0.998 7.353 0.999
1.000 1.456 0.997
0.998 1.936 0.997
0.997 6.319 0.997
0.996 0.249 0.999
0.998 6.499 0.996
0.996 1.079 0.994
0.862 1.542 0.999

0.446
1.630
1.864
1.937
2.042
0.449
1.364
1.652
0.958
0.728

-55.40
63.01
86.38
93.73
104.19
-55.06
36.37
65.22
-4.18
-27.20

A= Slope matrix/slope solvent; Matrix effect (%) = (1-A) x 100
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Table 3 Mean recoveries (%) and relative standard deviations, RSDr (%), LOQs and LODs (ng/g)
obtained for 60 compounds in rice samples, spiked at 25, 250 and 1000 ng/g levels (n = 5).

Spik levels (n=5)

Total

25 ng/g 250 ng/g 1000 ng/g recovery RSDr
e Compound Mean — popr  Mean — pop,  Mean - pope () (rflAll)S)
recovery 0 recovery . recovery . (n=15)
(%) (%) (%)
1 Acephate 84.1 19.5 78.2 8.1 85.3 13.1 82.5 13.5
2 Acetochlor 113.2 9 86 16.7 79.1 4.5 92.8 10.1
3 Alachlor 104.5 18.7 82.9 10.3 76.9 8.0 88.1 12.3
4 Atrazine 82.2 10.5 89.1 16.5 84.3 5.2 85.2 10.7
5 Azinphos-methyl 89.3 6.0 83.9 7.1 80.4 2.8 84.5 53
6 Azoxystrobin 97.7 9.3 101.0 19.9 102.9 8.7 100.5 12.6
7 Benalaxyl 101.5 19.0 98.1 10.1 94.2 11.2 97.9 13.4
8 Bioallethrin 102.3 8.4 92.2 9.7 89.7 11.1 94.7 9.7
9 Bitertanol 96.1 19.7 95.9 15.4 97.9 14.1 96.6 16.4
10 Buprofezin 92.9 0.7 111.4 6.5 93.5 2.9 99.3 33
11 Carbendazim 92.1 4.9 83.6 13.2 85.7 12.6 87.1 10.2
12 Carbosulfan 109.3 5.4 108.0 2.1 104.4 2.1 107.2 3.2
13 Carboxin 72.1 4.2 90.5 18.7 82.7 12.7 81.8 11.9
14 Chlormequat 100.3 3.9 101.9 5.9 105.4 32 102.5 4.3
15 Chlorpyrifos-methyl 108.9 3.5 88.7 9.8 98.3 43 98.6 5.9
16 C;fg;‘;f;‘;l]" 96.3 8.1 91.3 183 87.7 3.9 91.8 10.1
17 Clofentezine 110.7 6.0 111.6 2.0 94.6 10.6 105.6 6.2
18 Cypermethrin 89.4 8.1 82.5 3.1 85.9 5.7 86.0 5.6
19 Cyproconazole 100.8 5.0 85.9 8.1 90.3 10.4 92.3 7.9
20 Cyprodinil 115.3 1.4 96.3 1.4 97.1 11.4 102.9 4.7
21 Deltamethrin 85.0 9.6 80.7 33 82.5 34 82.8 5.4
22 Difenoconazole 112.1 2.6 108.4 6.6 104.6 7.6 108.4 5.6
23 Dimethenamid 111.3 3.0 99.9 3.7 88.7 114 100.0 6.0
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24 Dimoxystrobin 93.9 6.6 84.7 10.2 84.0 9.1 87.5 8.6
25 Diniconazole 9.3 1.5 92.6 4.9 90.9 4.9 91.9 3.7
26 Disulfoton 111.9 23 95.9 10.3 98.9 17.8 102.2 10.1
27 Ethion 90.3 3.1 105.5 7.6 108.5 5.7 101.4 5.5
28 Ethoprophos 101.7 11.0 103.3 10.4 108.6 59 104.5 9.1
29 Fenamiphos 115.1 4.9 94.1 3.7 91.7 11.3 100.3 6.6
30 Fenarimol 109.1 23 87.8 38 84.3 42 93.7 34
31 Fenbuconazole 116.6 59 101.5 34 109.4 1.6 109.2 3.7
32 Fenhexamid 109.7 1.4 94.5 5.8 99.7 2.9 101.3 34
33 Fenpyroximate 78.4 79 73.6 5.0 773 6.9 76.4 6.6
34  Fenoxaprop-P-ethyl 116.8 0.5 106.9 4.6 99.5 13.5 107.8 6.2
35 Fenpropathrin 89.6 39 82.5 8.2 79.2 10.6 83.8 75
36 Flamprop-M- 76.5 42 86.3 13.7 87.4 11.2 83.4 9.7
Isopropyl
37 Fluoxastrobin 783 74 92.6 15.5 91.7 8.6 87.5 10.5
38 Flutriafol 71.8 2.6 83.1 8.2 96.5 12.1 83.8 7.6
39 Foramsulfuron 112.0 4.4 98.0 6.9 94.7 4.7 101.6 53
40 Haloxyfop 84.3 3.1 102.9 4.7 99.9 22 95.7 33
4 Hexythiazox 101.6 75 83.6 14.1 79.0 5.1 88.1 8.9
42 Imazalil 110.4 2.0 82.7 18.7 103.3 73 98.8 9.3
43 Imazar'rftg;benz‘ 89.9 53 90.5 8.7 80.6 47 87.0 6.2
44 Isoproturon 86.1 4.0 86.9 8.8 89.1 9.7 87.4 75
45 Linuron 81.9 52 88.5 12.5 86.7 7.7 85.7 8.5
46 Mepiquat 105.5 33 107.4 2.9 109.7 23 107.5 2.8
47 Mes‘ﬁ‘:ti“yf]“m“' 76.9 3.1 88.8 7.1 90.1 49 85.3 5.0
48 Metalaxyl 74.6 54 83.0 74 75.2 6.8 77.6 6.5
49 Penconazole 94.4 2.4 88.5 4.8 92.7 52 91.9 4.1
50 Phosalone 75.0 2.2 109.5 6.5 110.5 4.6 98.3 4.4
51 Phosmet 775 4.4 80.6 15.3 80.2 113 79.4 10.3
52 Pinoxaden 82.0 15.0 78.8 6.0 77.1 76 79.3 9.6
53 Prallethrin 111.1 5.8 100.3 6.3 87.3 56 99.6 59
54 Primicarb 79.4 2.0 86.1 8.6 84.0 74 83.2 6.0
55 Prochloraz 116.3 2.1 103.9 6.1 110.4 0.8 110.2 3.0
56 Profenofos 108.7 2.1 100.5 4.6 105.7 55 104.9 4.1
57 Spiroxamine 113.7 6.4 100.3 15.9 91.0 8.6 101.7 10.3
58 Sulfosulfuron 74.0 2.7 81.7 21.6 89.0 259 81.6 16.7
59 Tebuconazole 96.0 1.0 95.7 3.7 106.7 6.8 99.4 38
60 Thiodicarb 100.0 9.0 107.7 6.7 106.7 16.8 104.8 10.8
61 T"phe’(‘%l,’;)"sf’hate 1045 46 83.7 113 921 8.9 93.4 8.3
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Table 4 Mean concentrations (£ SD, n = 3), mean values of processing factors (PF) and reductions
(%) of the pesticides in unprocessed rice samples, after washing and cooking.

Washing Cooking
NO. Compound Concentration Concentration Reducti  Concentration Reducti
(ng®) (ng) PF o (nge) PF on
(mean+SD) (mean+SD) %) (mean+SD) %)
1 Acephate 08260022 0753 (+0014) 091 88 0067 (*0028) 008 919
2 Acetochlor 0H3 (+0024) 0670(+0024) 071 290 0.176(&0.020) 019 813
3 Alachlor 0853 (*0.028) 0683(+0017) 080 199 0.194(F0010) 023 713
4 Atrazine 0946(+0038) 0877 (+0028)* 093 73 04440042 047 531
5 Azinphos-methyl 0773 (*0014) 0497(*0010) 064 357 0497 *0010) 064 357
6 Azoxystrobin 0939(*0052) 0614(+0.110) 065 346 0440(0014) 047 531
7 Benalaxyl 0943 (*0036) 0640(0014) 063 321 0207 (0.045) 02 780
8 Bioallethrin 0.743 (0036) 0340(x0014) 046 42 0.154(0.020) 021 793
9 Bitertanol 0943 (0.036) 0854(0020) 091 94 0.734(F0028) 078 22
10 Buprofezin 0.846(F0045) 0634(+0028) 075 251 0.704(F0010) 083 168
11 Carbendazim 0939(F0.046) 0637(+0053) 063 N2 0231 (0.028) 025 754
12 Carbosulfan 0966(*0036) 0344(+0037) 036 644 0478 (&0.070) 049 505
13 Carboxin 0.866(:0036) 0448 (+0033) 052 83 0248 (+0033) 029 714
14 Chlomequat 0.849(*0045) 0748 (+0033) 083 119 0548 (*0033) 065 355
15 Chlopyrifosmethyl 0.836(*0038) 0674(+0022) 081 194 0608(*0037) 073 273
16 Clodinafob-propargyl 1.0250064) 0802(+0067) 078 218 0479 (&0070) 047 533
17 Clofentezine 0.842 (+0.048) 0242(+0031) 029 713 0.162(*0.038) 019 808
18 Cypermethrin 0929 0070) 0169(0052) 0.18 818 0.702(+0095) 076 244
19 Cyproconazole 0799 0075) 0762 (+0048)* 095 46 0492 (+0085) 062 384
20 Cyprodinil 0932(*0.065) 0259(+0043) 028 2 0542 (*0033) 058 418
21 Deltamethrin 0969 (0.024) 0556(+0041) 057 26 0322(*0051) 033 668
2 Difenoconazole 0802 *0.081) 0652 (+0047y* 081 187 0519@&0.151) 065 353
23 Dimethenamid 0869(*0.118) 04190054) 048 518 0386(*0.110) 044 556
24 Dimoxystrobin 09350068) 0219E0069) 023 766 0452 (+0064) 048 517
25 Diniconazole 0702 (0081) 0286(0.101) 041 593 0219E0052) 031 688
2% Disulfoton 0802E0081)  0452(0065) 056 436  0286@004) 036 643
27 Ethion 0902 (0.074) 0552(0030) 061 388 0439(0034) 049 513
2 Fthoprophos 09050082  0626(:0034) 069 308  0159@0056) 018 84
29 Fenamiphos 0638(*0044) 0326(+0032) 051 89 0432 (+0096) 068 323
30 Fenarimol 0918(*0061) 0329(0029) 036 642 0358*0031) 039 610
31 Fenbuconazole 0910(0014) 0502(+0036) 055 438 0416(0007) 046 543
k) Fenhexamid 0800E0028) 0491 (&0.096) 061 386 029@0013) 035 651
3 Fenpyroximate 08350021 0229E-0044) 027 726 0409@004) 049 510
R Fenoxaprop-P-thyl 0915@*0007) 0215E0021) 023 765 0077 E0041) 008 916
35 Fenpropathrin 0896(*0042) 0305E0002) 034 60 0489 0.036) 055 454
36 FampropM-lsopropyl 0995 *0.028) 0264(*0024) 027 735 0299(+0057) 030 699
37 Fluoxastrobin 0943E0054)  0374(:0036) 040 603  0239@006]) 025 747
3 Flutriafol 10106£0057)  0586(E0043) 058 420  034@E0070) 034 659
39 Foramsulfuron 0933 *0014) 02330005) 025 750 0359 &0.090) 038 615
40 Haloxyfop 0995 *0.064) 0413 *0.103) 042 585 0247 +0087) 025 752
41 Hexythiazox 0912 *0028) 0246(=0021) 027 730 0484 (0093) 053 469
Yot
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» Tmazalil 0.832(0039) 0276(+0045)
43 Imazamethebenzmethyl — 0982(+0029) 04480012
M Tsoproturon 0742 (=0.028) 0318(0039)
45 Linuron 1.000(0.078) 0329(0056)
46 Mepiquat 0.792(+0032) 0.1740036)
47 Mesosulfironamethyl 0.889(*0.101) 0401 E0019)
48 Metalaxyl 0998 (*0078) 0452 (0084)
49 Penconazole 0.836(+0056) 0501 0070)
50 Phosalone 0926(£0088)  0444(-0026)
51 Phosmet 0740E0049)  0059E0025)
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53 Prallettrin 0964 (+0029) 0421 (&0036)
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57 Spiroxamine 0927 *0.097) 0401E0011)
53 Sutfosulfiron 1.000(0088) 0346(&0040)
59 Tebuconazole 0.801 =0076) 0320(E0049)
0] Thiodicarb 0.8040020) 0235E0031)

033 668  04560000) 055 452
046 M4 022005 024 764
043 571 04%4@0075) 065 348
033 6711 0240013 028 716
02 O 0347004 04 562
045 39  0I%@E004) 02 782
045 A7 03%4@0014) 038 615
060 401  03%E0056) 047 29
048 521 019@0062) 021 788
008  ©20 0290000 032 677
024 763 03260093 039 610
04 563 039¢003) 034 659
057 485 0248003 025 751
043 %68 0I4@008 015 852
01l &8 025@0039) 020 800
043 %67 02360072 025 745
035 654  0571@008) 057 429
040 600 054009 065 346
029 708  0258@0050) 032 679

* Values are not significantly different (p > 0.05).

03 Al B pl s s S g 2l ds s YVA-AY/A s g
clle Bl 5l iy deys pdzed Aulp Loawlis
S s jasia Jsdr e b S Gl e Sl
o Sl 53 el g5y Sl o 3 8IS e 2y

sl3 0L |y 2alS Jlie cp 2aS b s

Eou —0
P30 4 Dl S e (S5l A 03 o Sl L
A% ey Matrix-matched calibration curve
odd (@3Ibly Grss W Ulge mlS s SOlaes [e]
oY Lzl 51 SANCO/12495/2019  clojlns b
Sy ST il gl Olabl b 1 5 e Sl 0
S sk s e

sl 05) ok Sles dals o (slaa sl 56T @k
chle o Sle ol Ol (ol s st glaanl
AYE =V NE/E o3 s 3 axlllas 350 sla ESST
(+/> ng/g) OECD  Jual,sms L 10 5 azils 13
il s Loy T3 s e 1]

Sy SR e s ol el Sl S
SN R St g s g 3 e 350 e
Jasl i G yan 3l 13 45 ool ladsT3 on Soge Sl
o3 O Oly e 5 sined Gep 4l i
Sls 43 8 e adlas cpl s ol Cosline bayl gl

c}f_ (S potands 33 Jilf_\ Slaesl gl V}wa\s B} =23

Yoo

adllas 5,90 AS S pgams LT gl Y-t
0 [led g5 Sk gas 5

o3I g Glawised 53 psa S Ul als
sy oY el ol sda slaanl sl e ok
3l @ Ul s ey sose Sl il il
534S slailen 355 aloms 5 s Aul B Dad ol
andllas 3550 DS 5 plad 553 g0 sdalin £ goslad Jsdr
e 5 bl T3 05 e 4 030 g (g1 ped o
sl isesl clile o Sle o8 sls ol @ ol A s
Wl 13 AYE SV 0V NG/ o3 sdoes 3 addllas 5 50
03501 g5 S8 305 53 psem LT ol Y-t
3o e 3,5 sla ESCET 4 el
St il b

bosined osdse odis b goolad s 3 aSOLaan
plad Ol Cdly adlae cpl L3 edd A s,
Aoy AT exsdes 53 1 addlas 3 la iS5
Ay als

330l gp S 53 psem DT s £t
3 s 3,5 sla ESCET 4 el
ool i

Lol o osls 0L £ gosled Jsdr L3> S hiles

53 aallas 35 la il plod e kibe Bl ()l = T


http://dx.doi.org/10.22034/FSCT.19.126.343
https://dorl.net/dor/20.1001.1.20088787.1401.19.126.6.7
https://fsct.modares.ac.ir/article-7-53287-fa.html

[ Downloaded from fsct.modares.ac.ir on 2024-12-26 |

[ DOR: 20.1001.1.20088787.1401.19.126.6.7 ]

[ DOI: 10.22034/FSCT.19.126.343]

wegokile B Ol p Sl g sl gladal oL

OHes 5 Jlo s 085

gl Sl siaed s ol e LS el i e Sl
5> Dl et LU Gl sl e 1 &l
2 3 gm s sl s b ESEST kil L 2alS 5 il
o> oa [YY] OLKes 5 A1y adlas 3 (5,8 e
2 ol ble O s e Lol s Gl oS spd e
e p s S

aes T Ol 3 s ssed DALt b st onl o3 e
P oS ey o ol a0 0T ST s I 5550 50
Lg OF (sl b5 038 55 i sl J21s & psmns 3|
68 ool st LB Gl s een 4 S e 13
(PRt .ﬁ;;g sdalie gixed 5l | LSS
oSl Sl e dlal 5 g 3L S g e 358
o ) e Ll el izt AT WS o slge Sl
Saiaed Ayl 555 Lol salaMe BB 28l L 5 o3,
3 oM Bl o pe B ae Sl S 655LS Jsae
S35 A pemes 5 edd U saes mhas 4o p o
Rl 45 XS o Bl Jgramme b 5l 3 1 o (sl S
Wl ag G e ol el Glasn b
s Ciillas psan skl Bl 3l s Gl > pind
[reay o]

Sl el Bl Ol ol S s Sos Sk )
poos 3lie 2alS ols 0L 5 53 aalllae 3500 sl S
S o3 oS ansl aslen) 3p5 bagse Wl plasd o5 L
Sld S8 elpls s Jle gl (A el izl
(Acephate) wlini 2s8 ol5e (Organophosphate)
Chlorpyrifos-) (|se wsésm AS 28l Ole ol Y78
(Pyrethroid) .55 o3l sl 53 uzeen 35 (methyl
e mle Y/ (Bioallethrin) o &5 2l o
> (Cypermethrin)

SlaS 5 W ol addlles s)pe SLS S Rin b L
5SS b L s BLIEIY-IV] s ik
3353 Jle gl ol sy Coy s ol Gl ds s
5 ¥V °C s va mPa b Jlis L gy sl S5
« [MV=V] Y°C s eva mPa by lis Loy
ol S A sdalie Gl Uy VAT 5 Ao 3 AY/E LS
ol el S8 [Y Yol L Sldlas UL slaasl

Gb LS s O - s ik L LU, s Erose

Yol

ph03 IS4 (S L o3lind

po oS 3 haed AT 3 315 oS sls 0l T s
skl Gl oliylaie 53 2l adles 5,50 2SS
it T3 s e 3y DS e Ol
b Cosd o 53 Rl 2l S b 4 s Dsline
Godlplr 0 olend 5l &S sl Bl as)s AY
53 SRl Ol o S 48 I s aals Gla i S
S a b S sphe eis il edlS g e
O PO JUCPRCIU IOC-VNC S WSS PE ¥ WL PG PR SRR
odalie doys AT B £/ o3k 3 e 2AE e JS
O Sl BLiL S A S anie mlE esn 52
OF 3 andllas 5,50 gla iSCT S Jlard o5 5 L elsls
Sl adile U mlawr 1Al e 5 Xipd o sdutils
038 55 e Hsb (8 Jsde) S s sdned
a/¢ lus (Bitertanol) Jsb o (Triazole) JL 5
S5 ) Sl sl 45 das 0 OLES Iy pxe ialS s )
L (Diniconazole) Js;tSus m ol ol s
W JsibsSes LialS i s cond doys 04 lide
s gE elsls 5o padse e el il
(Phosmet) s S 5 55 ,» (Organophosphate)
GalS Ol &S 355 e edalie (Acephate) cliol
el 33 S 5 A V00 sl S S

OS5 sl Sl Gsls L3 SV b g ks Bl
s ol el 5 JsSse ool Ol dos e B
ol b saddlae Js a3l SIS 3 p g S1alS 3 Wl e
i auS VU s aSolomes Jle glp 3sed 5, 1, bl
5 (oys VL 2alS) Jbae S5 55 Jals jslie
Ol 05 8 K Glate (Ao ys 047 2a1S) Uk sSus
Lol o oS J s ctiyls Kao b (S iy sl
Sl SNVl 2 3 S8/ YA g w ol
R e P

bt ozl U JT bad S 5l Ll e o]
Lyde @r 0l B S5 ppen el sl
Jlail nldgled 13 JLal 5 slad S350 b Ll 5 e
Lo Ll LIS plact )l € ey b

b o Ll a8 oo o33 0L andllae ol il (658


http://dx.doi.org/10.22034/FSCT.19.126.343
https://dorl.net/dor/20.1001.1.20088787.1401.19.126.6.7
https://fsct.modares.ac.ir/article-7-53287-fa.html

[ Downloaded from fsct.modares.ac.ir on 2024-12-26 |

[ DOR: 20.1001.1.20088787.1401.19.126.6.7 ]

[ DOI: 10.22034/FSCT.19.126.343]

VE0Y 130 N o ATV 6 ket

Ol e s 5 sl dlone

[4] Hou X., Han M., Dai X., Yang X., Yi Sh.
(2013). A multi-residue method for the
determination of 124 pesticides in rice by
modified QuEChERS extraction and gas
chromatography—tandem mass spectrometry.
Food Chemistry 138 (2013) 1198-1205.

[5] Pareja L., Alba A.R.F., Cesio V., Heinzen
H. (2011). Analytical methods for pesticide
residues in rice. Trends in Analytical
Chemistry. Volume 30, Issiue 2, February
2011, pages 270-291.

[6] Alavanja, M.C.R. ; Ross, M.K. ; Bonner,
M.R. (2013). Increased cancer burden among
pesticide applicators and others due to
pesticide exposure. Cancer J. Clin. 63, 120-
142.

[7] Cecchi A., Rovedatti M.G., Sabino G.,
Magnarelli  G.G.(2012).  Enviromental
exposure to organophosfate pesticides:
Assessment of endocrine disruption and
hepatoloxicity =~ in  pregnant  women.
Ecotoxicology and Environmental safety80,
280- 287

[8] Bo Hou & Linhai Wu. (2010). Safety
impact and farmer awareness of pesticide
residues. Food and Agricultural
Immunology, 21:3, 191-200.

[9] Baharum N.A, Nasir H.M, Ishak M.Y, Isa
N.M, Hassan M.A,Aris A.Z. (2020). Highly
efficient removal of diazinon pesticide from
aqueous solutions by using coconut shell-
modified biochar. Arabian Journal of
Chemistry Volume 13,Issue 7, July
2020,pages 6106-6121.

[10] Iranian National Standards Organization
(INSO), Pesticides -Maximum residue limit
of pesticides - Cereals, 13120, 1st Revision
(2016).

[11] Sung W L, Jeong-Heui C, Soon-Kil C,
Hyun-AY, Abdel-Aty AM and Jae-Han S.
Development of a new QUEChERS method
based on dry ice for the determination of 168
pesticides in paprika using tandem mass
spectrometry. Journal of Chromatography A
(2011) 1218:4366—4377.

[12] Anastassiades M, Lehotay SJ, Stajnbaher
D and Schenck FJ. (2003). Fast and easy
multiresidue method employing acetonitrile
extraction/partitioning and “dispersive solid-
phase extraction” for the determination of
pesticide residues in produce. Journal of
AOAC International. 86 (2): 412-431

[13] Paul JT (2005). Matrix effects: The
Achilles heel of quantitative high-
performance liquid chromatography—

Yov

Gloz 5 asdes s 1l dnlp s 3 g e SLESS
ez [Y] 55 e b 25l bl 2als & e VL
Faomes 53 Sl s shad 6“-’*1],—5 ls OLas asdlas
Er asllas 350 6&;'25;,_%] okl 3L c]a.d Sals s
ok a T s ol S LS Jes Sse b
proe os3 Ve BV R o Sulg s 2l
© @ i Gl a5 (g3 lge 55 LAS Eagh 5,
53 sl e Bl Jles) Dl das s 555 oS o5
L olis 4 L b el ol e S Gl i

e L M e

&S e 1
Srao S eslimal b e By S bl e el 5o
Tr o pedib o gl ISl S et
RCEI P PN S RSSO B U SO W PSR+ N
s VL edd Sl i gladiged 5 ol
55 b iSesl (gokile 3L aSl 5z s b o oy 2SS
2 el Gl S s dexr Bl eusliS Y s
G b S 55 OLES e cpl el liE 3l e
SR L s glabdle BB 5k 4o iae S S
A e ($slES Npama 3 35z e pgen plie

g Olasl O s Lol wode

cL.a -V

[1] Shoeibi S, Amirahmadi M, Yazdanpanah
H, PiraliHamedani M, Pakzad SR and
Kobarfard F. (2011). Effect of cooking
process on the residues of three carbamate
pesticides in rice. Iran. J. Pharm. Res. (2011)
10: 119- 126.

[2] Shakoori A., Yazdanpanah H., Kobarfard
F., Shojaee MH. and Salamzadeh J. (2018).
The Effects of House Cooking Process on
Residue Concentrations of 41 Multi-Class
Pesticides in Rice. Iranian Journal of
Pharmaceutical Research (2018), 17(2): 571-
584.

[3] Li W., Zhang Y., Jia H., Zhou W., Li B.,
Huang H. (2019). Residue analysis of
tetraniliprole  in  rice and  related
environmental samples by HPLC/MS.
Microchemical Journal 150 (2019) 10468.


http://dx.doi.org/10.22034/FSCT.19.126.343
https://dorl.net/dor/20.1001.1.20088787.1401.19.126.6.7
https://fsct.modares.ac.ir/article-7-53287-fa.html

[ Downloaded from fsct.modares.ac.ir on 2024-12-26 |

[ DOR: 20.1001.1.20088787.1401.19.126.6.7 ]

[ DOI: 10.22034/FSCT.19.126.343]

wegokile B Ol p Sl g sl gladal oL

q\)&n 3 J'\:]a 3'3)

What do we really know and what can be
done about it. Acta Paediatr. (2006) 95
(Suppl.): 71-80.

[21] European Council Directives
76/895/EEC, 86/362/ EEC, 86/363/EEC and
90/642/EEC

[22] Walter JK, Arsenault TL, Pylypiw HM
and Mattina MJL. Reduction of pesticide
residues on produce by rinsing. J. Agric.
Food Chem. (2000) 48: 4666-70.

[23] Kauskik P., Yadav Y.K, Dilbaghi N. and
K, G.V. (2008). Enrichment  of
vermicomposts prepared from cow dung
spiked solid textile mill sludge using
nitrogen fixing and phosphate solubilizing
bacteria. Environmentalist. Vol. 28, pp: 283-
287.

[24] Yang A, Parc JH, AM. Abd EL-Aty,
Choi JH, Jae-HO oh, DO JA, Kwon K, Shim
KH, Ok- Ja Choi, Jae- Han Shim (2012).
Synergic effect of washing and cooking on
the removal of multi- classes of pesticides
from various food samples. Food Control
volume 28, Issue 1, November 2012, pages
99-105.

[25] Amirahmadi M., Kobarfard F., Pirali-
Hamedani M., Yazdanpanah H., Rastegar H.,
Shoeibi SH. &_Mousavi Khaneghah A.
(2017). Effect of Iranian traditional cooking
on fate of pesticides in white rice. Iranian
Journal of Pharmaceutical Pages 177-186.

[26] Keikotlhaile, B.M.; Spanoghe, P.;
Steurbaut, W.(2010). Effects of food
processing on pesticide residues in fruits and
vegetables: A meta-analysis approach. Food
Chem. Toxicol., 48, 1-6.

YoA

electrospray—tandem mass spectrometry.
Clinical Biochemistry. 38:328- 334.

[14] European Comission, directorate General
Health and Consumer Protection, Comission
working document SANCO/12495/2019,
Method Validation and Quality Control
Procedures for Pesticide Residues Analysis
in Food and Feed.

[15] Kmellar B, Fodor P, Pareja L, Ferrer C,
Martinez-Uroz MA , Valverde A and
Fernandez-Alba AR (2008). Validation and
uncertainty study of a comprehensive list of
160 pesticide residues in multi-class
vegetables by liquid chromatography—
tandem mass spectrometry. Journal of
Chromatography A. 1215: 37-50.

[16] Organisation for Economic Co-operation
and Development. Guideline for testing of
chemicals. Magnitude of the pesticide
residues in processed commodities. No. 508,
OECD, Paris (2008) 1-15.

[17] International Rice Research Institute.
Rice almanac. IRRI, Manila (2013) 7-10

[18] Food and Agricultural Organization of the
United Nations. FAO Statistical Yearbook.
FAO, Rome (2013) 150-65.

[19] Lucia P, Veronica C, Horacio H and
Amadeo RFA. Evaluation of various
QuEChERS based methods for the analysis
of herbicides and other commonly used
pesticides in polished rice by LC-MS/MS.
Talanta (2011) 83: 1613-22.

[20] Joanna J, Wojciech H, Carolina J,
Christofer L, Sandra C, Peter Van Den H,
Margaret S and Rolf Z. Adverse health
effects of children’s exposure to pesticides:


http://dx.doi.org/10.22034/FSCT.19.126.343
https://dorl.net/dor/20.1001.1.20088787.1401.19.126.6.7
https://fsct.modares.ac.ir/article-7-53287-fa.html

[ Downloaded from fsct.modares.ac.ir on 2024-12-26 |

[ DOR: 20.1001.1.20088787.1401.19.126.6.7 ]

[ DOI: 10.22034/FSCT.19.126.343]

JEST No. 126, Vol. 19, August 2022 ABSTRACT

H page:www.fsct.modares.ir

Iranian Journal of Food Science and Technology .

Scientific Research

Evaluation of washing and heating processes on the residues of
selected pesticides in rice using liquid chromatography-mass

spectrometry

Mardani, Z. 1, Nouri, L. 2, Peiravian, F. 3, Shakoori, A. 4

1. PhD, Department of Science and Food Industry, Faculty of Agricultural Science, Science and Research

Branch, Islamic Azad University, Damghan.

2. Associate Professor, Department of Science and Food Industry, Faculty of Agricultural Science, Damghan
Science and Research Branch, Islamic Azad University, Damghan,.
3. Associate Professor, Department of Pharmacoeconomics and Pharma Management, School of Pharmacy,
Shahid Beheshti University of Medical Sciences, Tehran.
4. Assistant Professor, Vice-Chancellor for Food and Drug Affairs, Shahid Beheshti University of Medical

Sciences, Tehran.

ARTICLE INFO

ABSTRACT

Article History:

Received 2021/ 06/ 27
Accepted 2022/ 06/ 14

Keywords:

LC-MS/MS,
Pesticide,
Washing,
Heating,
Rice.

10.22034/FSCT.19.126.343
DOR: 20.1001.1.20088787.1401.19.126.6.7

*Corresponding Author E-Mail:
a.shakoori@sbmu.ac.ir

In this research a validated and effective method was developed for
simultaneous analysis of 60 pesticides in rice, using liquid chromatography-
mass spectrometry (LC-MS/MS), then, the effects of washing and heating
processes on residues of studied pesticides were investigated. Extraction was
performed by the original QUuEChERS method. The pesticides were analyzed
simultaneously in a single run with a multiple reaction monitoring (MRM)
method. The validation study was performed based on the SANTE 2019
guideline. The method was tested to assess for linearity, trueness, precision,
specificity, limit of quantification (LOQ) and limit of detection (LOD). The
results showed that the calibration curves for all studied compounds were
linear with a coefficient of determination (R?) ranged between 0.984 -1.0.
The mean recoveries obtained for three fortification levels (25, 250, 1000
ng/g) were 76.4 - 110.2 % with satisfactory precision (RSD ranged between
2.8-16.7%.

After analysis of treated rice samples with investigated pesticides, the results
indicated that of both washing and heating processes, in individual and
combinational cases, significantly reduced the amounts of studied pesticides.
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