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ABSTRACT - Currently, no guidelines exist regarding the maximum residues of pesticides in edible oil which is a
processed food commonly consumed in Korea. This lack of guidelines hinders the evaluation of the safety of edible oil in
terms of pesticide contamination. In this study, an analysis method based on heat distillation and GC-MS/MS was estab-
lished by optimizing the extraction and purification procedure for 68 pesticides. Important variables in the thermal distilla-
tion procedure included heating temperature and time, and we found the nitrogen flow rate as a mobile phase and the type
of dissolving solvent were not considerably affected. The determination coefficient (R?) of the residual pesticide was 0.99
or higher, and the quantitative limit (LOQ) was 0.01-0.02 mg/L. The average recovery rate (n=5) was 66.1-120.0% and the
relative standard deviation was lower than £10% when 68 pesticides were spiked at concentrations of 0.01-0.02, 0.1, and 0.5
mg/L. In addition, the within-laboratory precision was less than +11%, meeting the Korea Food and Drug Safety Evaluation
Institute's Guidelines on Standard Procedures for Preparing Food Testing Methods (2016). Therefore, the test method devel-
oped in this study can be used as a test method for managing the safety of the residual pesticide concentration in edible oil.
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Fig. 1. Heating distillation apparatus

(A) 2 Neck Round Bottom Flask, (B) Nitrogen, (C) Gas flow
meter, (D) Gas adapter, (E) Connector, (F) Gas induction tube,
(G) florisil cartridge
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Table 1. Analytical condition of GC-MS/MS

Parameters Condition
Injection temp. 280°C
Injection vol. 1puL
Injection mode splitless,
Column TG-5 (30 m x 0.25 mm, 0.25 pm)
Flow rate 1.0 mL/min
°C/min next
Oven temp. initial 70
15 160
5 300
Detector temp. Transfer line: 280°C

Source temp.: 280°C
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Table 2. Number of residual pesticides in the range of 70-120% recovery rate depending on heating time

Heating time (min) 40

60 90

No. of pesticides 10

45 68

Table 3. Number of residual pesticides in the range of 70-120% recovery rate depending on heating temperature

Heating temperature (°C) 220

230 240

No. of pesticides 58

68 68
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Table 4. Results of the method validation by heat distillation method

unit: (mg/L)

Pesticides R? (“;?II?L) (;g(/)fm Fortification Recovi(r)/};)iRSD‘) Intraday p(r;:)ision RSD
0.01 78.0+3.7 7.5
Alachlor 0.9994  0.005 0.014 0.1 80.944.2 6.9
0.5 81.7+4.0 3.7
0.01 77.746.9 6.9
Benfuresate 0.9991 0.003 0.009 0.1 80.3+3.6 7.2
0.5 81.5+4.1 3.9
0.01 86.6+5.2 7.3
“’Hexac}zzgggl"hexa“e 09992  0.003 0.008 0.1 88.943.2 6.1
0.5 89.145.4 6.8
0.01 78.8+5.4 6.0
B'Hexacﬁgg’ggl(’hexane 0.9974  0.002 0.007 0.1 79.144.7 5.6
0.5 80.35.6 6.2
0.02 79.8+5.7 6.3
S'He"“h(lg’_r];’]jgl"hexane 0.9998  0.005 0015 0.1 82.7+5.4 5.8
0.5 83.35.8 5.9
. 0.02 73.146.2 6.5
gﬁﬁg 09995  0.006 0018 0.1 74.2+5.4 7.2
0.5 75.3+6.1 6.8
0.01 70.9+5.2 3.7
Bifenthrin 0.9998  0.005 0.014 0.1 71.245.7 3.9
0.5 76.9+5.3 45
0.01 87.7+7.1 3.7
Butachlor 0.9996  0.004 0.014 0.1 92.346.8 2.1
0.5 92.846.6 6.0
0.02 85.743.1 7.4
Cadusafos 0.9998  0.007 0.020 0.1 87.9+43.7 5.1
0.5 88.4+4.5 45
0.01 75.5+6.3 4.1
Chlorobenzilate 0.9996  0.004 0.012 0.1 74.046.1 3.5
0.5 75.145.8 6.3
0.01 90.8+4.8 5.9
Chlorpropham 0.9999  0.004 0.013 0.1 97.942.6 6.1
0.5 99.7+4.9 42
0.01 69.7+4.9 6.4
Chlorpyrifos 0.9998  0.004 0.014 0.1 70.543.5 6.3
0.5 74.8+4.5 53
0.01 79.6+4.9 7.6
Chlorpyrifos-methy! 0.9997  0.003 0.010 0.1 81.0+3.5 6.2
0.5 81.9+43 5.8
0.02 72.3+4.9 7.2
Clomazone 0.9999  0.005 0.015 0.1 81.843.2 9.3
0.5 83.25.8 5.6
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Table 4. (Continued) Results of the method validation by heat distillation method unit: (mg/L)
Pesticides 5 (“;?II?L) (;g(/)fm Fortification Recovi(r)/};)iRSD‘) Intraday p(r;:)ision RSD

0.01 85.9+7.7 5.9

Cyflufenamid 0.9995 0.003 0.010 0.1 90.2+5.2 2.9
0.5 90.6+7.0 5.6

0.01 76.9+4.2 6.7

Cyprodinil 0.9998 0.005 0.014 0.1 80.4+4.3 2.6
0.5 83.9+4.7 4.5

0.01 79.3+6.7 7.1

Diazinon 0.9999 0.004 0.012 0.1 83.743.1 9.6
0.5 83.3+4.3 4.2

0.01 74.0£3.5 5.2

Dicofol 0.9999 0.004 0.012 0.1 77.9+4.1 3.5
0.5 78.5+5.8 4.9

0.01 84.0+4.0 7.2

Dimethenamid 0.9992 0.005 0.014 0.1 89.3+3.1 6.6
0.5 90.9+4.1 5.7

0.02 92.4£5.2 7.6

Dimethylvinphos 0.9994 0.006 0.017 0.1 98.6+4.6 6.7
0.5 99.2+ 6.6 7.6

0.01 83.6+5.7 8.3

Diphenamid 0.9999 0.003 0.008 0.1 80.8+4.6 2.9
0.5 82.9+4.9 5.3

0.01 80.2+5.7 4.1

Dithiopyr 0.9999 0.004 0.012 0.1 85.5+3.7 7.9
0.5 87.1£3.7 4.3

0.02 79.1£2.3 7.5

Ethion 0.9988 0.006 0.020 0.1 84.0+5.2 4.8

0.5 85.2+4.6 4.8

0.02 91.7+6.2 7.6
Ethoprophos 0.9999 0.008 0.023 0.1 98.6+3.4 10.4
0.5 99.2+4.2 5.4

0.02 89.7+2.4 6.6

Etridiazole 0.9998 0.007 0.021 0.1 93.5+£3.4 2.3
0.5 98.7+6.1 6.2

0.01 77.7£6.7 7.2

Fenclorim 0.9994 0.004 0.012 0.1 73.243.2 9.4
0.5 79.5+4.7 4.8

0.01 85.1+£3.3 6.6

Fenothiocarb 0.9999 0.004 0.011 0.1 88.9+4.6 3.7
0.5 89.5+5.4 5.5

0.01 91.3£3.9 7.4

Fenpropimorph 0.9999 0.004 0.011 0.1 95.242.3 3.9

0.5 104.8+3.6 3.8
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Table 4. (Continued) Results of the method validation by heat distillation method

unit: (mg/L)

Pesticides R? (“Z?H?L) (ulé/On?L) Fortification Recove(tg/)gcRSD') Intraday p(r;)c)ision RSD
0.01 102.7+£9.2 3.9
Fluacrypyrim 0.9996 0.004 0.011 0.1 114.6+9.6 4.3
0.5 113.6+3.2 4.3
0.01 95.1+£5.9 5.2
Fluazifop-butyl 0.9996 0.004 0.013 0.1 102.7+6.1 4.2
0.5 104.3+6.2 6.4
0.01 93.1+2.9 8.2
Formothion 0.9999 0.003 0.009 0.1 108.4+3.9 7.3
0.5 102.7+3.8 4.1
0.02 77.6£9.2 7.5
Fthalide 0.9999 0.006 0.018 0.1 77.8+4.4 4.0
0.5 80.4+7.6 7.8
0.01 75.9+6.3 7.6
Heptachlor 0.9995 0.005 0.014 0.1 77.1£2.5 8.4
0.5 76.5+4.5 5.3
0.02 100.3£3.8 4.4
Hexythiazox 0.9994 0.008 0.023 0.1 112.9+£6.0 4.2
0.5 115.8+6.4 6.5
0.01 99.8+6.2 5.3
Isazofos 0.9994 0.005 0.014 0.1 108.4+5.7 8.5
0.5 101.6+4.4 4.8
0.01 85.9+4.1 6.8
Isofenphos 0.9995 0.003 0.010 0.1 88.7+£2.9 4.0
0.5 90.4+4.5 4.5
0.01 90.1+4.3 3.6
Isoprocarb 0.9994 0.005 0.014 0.1 110.7£3.2 5.7
0.5 109.8+£3.8 5.2
0.02 76.2+£3.8 7.2
Kresoxim-methyl 0.9999 0.006 0.020 0.1 71.8+4.3 4.0
0.5 78.4+2.6 2.9
0.01 73.4+4.8 6.4
Mepanipyrim 0.9998 0.003 0.009 0.1 79.6+£4.8 3.5
0.5 78.3+2.5 3.2
0.02 86.2+£3.2 4.6
Methidathion 0.9992 0.008 0.023 0.1 93.3+4.2 3.6
0.5 92.6£5.2 6.4
0.01 85.1+4.7 6.3
Metolachlor 0.9995 0.004 0.012 0.1 87.2+4.1 5.3
0.5 91.3£5.0 5.1
0.02 88.8+3.9 33
Nitrapyrin 0.9992 0.005 0.015 0.1 88.1+4.8 2.9
0.5 87.7£3.4 3.7
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Table 4. (Continued) Results of the method validation by heat distillation method

unit: (mg/L)

Pesticides R? (“Z?H?L) (ulé/On?L) Fortification Recove(tg/)gcRSD') Intraday p(r;)c)ision RSD
0.02 113.244.8 5.6
Oxyfluorfen 0.9984 0.005 0.015 0.1 120.0£5.5 2.1
0.5 117.243.2 3.7
0.02 103.9+6.1 7.1
Paclobutrazol 0.9989  0.006 0.018 0.1 1143253 42
0.5 114.9+5.8 6.1
0.01 88.244.2 2.5
Penconazole 0.9994 0.003 0.010 0.1 91.4+4.0 3.0
0.5 93.6+5.8 6.8
0.01 76.6+5.7 6.8
Penflufen 0.9996  0.003 0.009 0.1 78.6+5.4 4.0
0.5 81.2472 7.8
0.01 82.0+5.3 5.8
Penthiopyrad 0.9994  0.003 0.010 0.1 88.845.3 3.7
0.5 86.7+5.7 6.1
0.02 77.122.1 2.5
Picoxystrobin 1.0000 0.007 0.021 0.1 80.2+3.7 32
0.5 82.8+4.7 48
_ 0.02 81.846.7 7.3
iﬁf}g‘;ﬁl 0.9993  0.006 0.017 0.1 85.7+6.6 4.7
0.5 97373 7.5
0.02 81.144.2 43
Pirimicarb 0.9998  0.005 0.015 0.1 84.9+3.7 9.2
0.5 78.546.0 7.6
0.01 73.6%5.1 6.3
Pyriminobac- 0.9993  0.008 0.023 0.1 86.4+5.6 3.9

methyl

0.5 88.4+4.4 48
o 0.01 99.243.6 7.6
P‘“:;}‘lf;ll’os' 0.9997  0.004 0.012 0.1 100.642.3 5.4
0.5 101.324.1 44
o 0.02 95.83.8 4.1
P “l;neliﬁlylfs 0.9998  0.005 0.016 0.1 100.142.3 6.4
0.5 98.6+4.2 5.0
0.02 111.3+4.1 47
Propanil 0.9990  0.006 0.017 0.1 119.243.3 7.3
0.5 115.845.1 6.5
0.01 92.043.7 45
Pyrimethanil 0.9997  0.004 0.013 0.1 95.442.6 5.5
0.5 95.3+4.2 49
0.01 81.3+5.5 6.7
Quinalphos 0.9996  0.003 0.010 0.1 82.0+5.1 6.0
0.5 87.143.8 44
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Table 4. (Continued) Results of the method validation by heat distillation method

unit: (mg/L)

Pesticides ) (“I;,)(/)H?L) (”Lg/OH?L) Fortification Recowzg/)gcRSD" Intraday p(r(;i:)ision RSD

0.02 78.9+5.2 5.5

Quintozene 0.9993 0.008 0.023 0.1 79.2+4.0 7.6

0.5 82.3+4.7 5.4

0.01 103.2+4.6 5.5

Simeconazole 0.9988 0.003 0.010 0.1 110.5+£3.5 3.9

0.5 110.8+3.8 4.2

0.02 73.6£5.8 5.5

Tebuconazole 0.9992 0.005 0.015 0.1 79.9+£5.7 5.2

0.5 80.6+3.8 3.9

0.02 74.1+4.7 4.9

Tecnazene 1.0000 0.008 0.023 0.1 81.9+£3.0 9.5

0.5 82.2+4.8 4.8

0.01 77.14£3.7 7.6

Tefluthrin 0.9999 0.005 0.014 0.1 87.1£2.4 9.8

0.5 89.1+6.9 7.0

0.01 88.6+4.7 5.5

Tetraconazole 0.9986 0.003 0.010 0.1 98.7+4.5 2.9

0.5 103.9+5.2 5.4

0.02 88.9+4.6 4.4

Thifluzamide 0.9995 0.008 0.023 0.1 90.1£5.0 3.7

0.5 91.9+£3.8 5.8

0.01 73.9+£5.7 6.2

Tolelofos- 0.9999  0.005 0.014 0.1 78.144.6 6.7

methyl

0.5 79.9+4.5 4.6

0.01 76.3+4.8 5.1

Triadimefon 0.9994 0.004 0.012 0.1 89.8+4.5 4.2

0.5 90.9+4.4 44

0.02 73.6+4.5 4.7

Trifloxystrobin 0.9996 0.007 0.020 0.1 77.3+4.3 3.6

0.5 79.4+5.1 5.4

0.01 66.1+4.7 5.1

Trifluralin 0.9989 0.005 0.014 0.1 70.0+4.8 5.5

0.5 69.8+£3.4 3.6

0.01 71.0£3.8 6.9
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