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Abstract: Essential oil is a volatile substance obtained by physically obtaining fragrant plant materials made by one single
plant and plant species, and is widely used for cosmetics, fragrances, and aroma therapy due to its excellent preservation,
sterilization, and antibacterial effects. When essential oil would undergo the extraction and concentration processes, the
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agricultural chemicals thereof would be extracted and concentrated only to be harmful to the human body. This study
analyzes 320 residual agricultural chemicals concentrated in the essential oil, and to this end, LC-MS/MS and GC-MS/MS
are used, while the freezing process is applied instead of the conventional refining process hexane, to improve the

preprocessing method. As a result of analyzing the essential oil, such ingredients as chlorpyrifos, piperonyl butoxide and

silafluofen have been detected in Basil oil and Clove leaf oil. Hence, it is perceived that the residual agricultural chemicals

should continue to be monitored for the essential oil.
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2. M= A oY

21, M= % Al

H Agof AMSE EFEL2 Sigma-Aldrich (USA), HPC
standards (Germany), kemidas (Korea)2] &2 AZH A&
ARSI Bl AhgE ool fomic acid (999
ammonium formate (99%)+= Sigma-Aldrich (USA) A& A}
8190}, AR AXe) TP % F20] AR HPLC grade
9] acetonitrile, hexane (J.T Baker, USA)S ANESIITL, A=
229 o8l AIE extract kit (4 g MgSO;, 1 g NaCly=
peamfkorea (Korea)2 /\}3’3]-"”‘5]' NEE= Alsol 85
o 2ol A 15 L APgstel sl 15 F
9] == lavender, peppemnnt, caraway, juniperberty, clove
leaf, ginger, basil, pine, rosemary, tea tree, eucalyptus, hinoki,
lemon grass, clove buds, cinnamon=z “d%]o] Qlck.

22, N2 Tx2|et AEulH
2.2.1. Hexane2 0|&SH MX{2|

o 2 AR 1 g& HFsto] FH: 5 mL Yl |
min 7+ XEet & 28000l acetonitrile 5 mLL Wil 1

min 7} 215t} 255150k 4 g MeSO,. 1 g NaCl S3H2
TE YW 1 min 7F AESRL YRS o8-St
4,000 pmoflA] 5 min 7+ HHEEE SIGItE AR A

4 2 mLE 15 mL polypropylene(PP) tubeo]] wh= FZicf.
w2 3 SN 2 mLo hexane 5 mLE ¥o] 1 min 7t
ZIF3EL 4,000 rpmoflA] 5 min 7 PR, SR5H 1
mLE 02 um syringe filter (Whatman, PTFE)= &]1}5}1¢]
LC-MS/MS®} GC-MS/MS 0.2 Badalelct.



LC-MS/MS9} GC-MS/MSE o] &3} of

oAl 09 AE 1 g& Aslo] 2855 nL

ISk
min 7+ Xg9E & S2E8000] acetonitrile 5 mLS Eil 1
min 7+ Z1gsto] =253150h 4 g MeSOy, 1 g NaCl SR
TE €3 1 min F st AAETIE o851
4,000 rpmof|A4] 5 min 7+ YHEEE sHACh AR A
o 2 mLE 15 mL PP wheol] whz Fgic} w Fgt A%

o 2 mLZ $EA] | h M F Ae]|E o]gsiol
4000 pmellA] 5 min 7+ QAlElste], 4% | mLE 02
um PTFEE oji}ste] LCMS/MSL} GC-MS/MSo &2 B4
sl

2.3. AR7|7]

LC-MSMSE waters (USA)2] waters TQ-XS system 7]7]
S ARSI dlofE] A= waters MassLynx A3 ES]o]
£ ARESISITE GCMSMS+= SHIMADZU (Japan)©] GCMS-
TQ8050 7|71 AR&3131L, Hlo B A2} labSolutions insight =
ALESIITE LCMSMS BATHAF =2F 207 & GC-MS/MS
SOV OF 113 £ A
2.4, 2N AT J7|E0l [E oflMld 29|

=OF &

& A A= ‘CODEX 7ho]=2lRI(CAC/GL 40)&
2g3to] AIFH] R > 0.99¢] A4 (linearity), AZ3H7]
(limit of detection, LOD) 3 o4, AeskA|limit of quiantification,
LOQ) 10 o}, SlaErecovery) el 70 ~ 120% o =
A& d(reproducibility)ol] thet Fa/de HESIAHT. &
S-S acetonitrileo]] 3507 1,000 ug/L2] stock solution2 =
Aet & 72} =redHE FFES spikingdlo] 5, 10, 25, 50
22150 100 Ll uhd 2 AR olgslo] 2t
11, o ABE 915 A S S poini 9]
om, mR|Yf ARSIl odd o] HER] A9l AFE F
S5 5 QOB S pgll A 100 ugll W1 TS
o} ki) ARARNR’, Coefficients of determination) S -
slo] H7IBIAATE A 5 pgll, TS 50 gL 3
shrg ARS Wegelo] ARAS Wolellon], B
AE= Bt EFHAE oo AJEEHA %, RSD)
2% olsks shelstel Eaple] A Aok e wtel
At AETALOD), AFRHALOQ= AgAl= 3 3 2
Asto] AlE off #-2H)(Signal-to-noise ratio, SINYE 22} 3,
10 o}o= 53tk

% 320F FFweF B 319
o _
3. Znt ¥ nE

3.1, Mx{2| i (™35}
3.1.1. Hexane2 0123t 2 H|A

A& 1 g& acetonitde 5 mLE Yol & & A5
mLo]| hexane 5 mL-& o] 1 min 7+ FRFSEaL i
2 21830 4000 rpmollA] 5 min 7F PAEEE T 99
= AASKIE B3 oA AlA ass eklsh] fiste
5129l 1 g& 60 CoflA] 1 h AZ3}Y
AREEIS W AMESEA] ok AR
S513%7F AA%R= 2 21T 4= AcH(Figure 1).

3.1.2. Freezing2 0|28t 2 XA

A& 1 g2 acetonitrle 5 mLE go] & 5 ARz 2
mLE g5} 20 C &x2 A4 WsiofA 30 mn, 1 b,
2 h 3] 3 QAEE7|E A1) 4,000 pmOE 5 min
2 AR & SN 1 g 60 CollA 1 h 7zt
£9 AALL 2ABIGICE 30 min, 1 h, 2 h Y3l
= @A) AARELS 2} 52.5% 59.3%, 54.6% ©]%L
o, F& 242 1 h PH| F 243 AAsH= A o2 3}
AcH(Figure 2).

Initial extraction
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Amount of oil (a)
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Figure 1. Oil removal efficiency using hexane.

Initial extraction
wAfter freezing
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Figure 2. Oil removal efficiency using freezing.
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Table 1. Recovery and %RSD of 6 Pesticides at Recovery Test
Using Hexane with LC-MS/MS

No. Pesticide Rec (%) RSD (%) Log Pow
1 Dimethametryn 473 42 3.8

2 Esprocarb 69.3 45 4.6

3 Etofenprox 61.1 39 6.3

4 Fenpyroximate 69.9 1.0 5.0

5 Spinetoram (L) 69.7 1.8 4.5

6 Thiobencarb 69.4 34 42

Table 2. Recovery and %RSD of 28 Pesticides at Recovery
Test Using Hexane with GC-MS/MS

No. Pesticide Rec (%) RSD (%) Log Pow
1 Aldrin 30.0 2.3 7.4
2 Ametoctradin 57.6 24.0 4.0
3 Bifenox 69.2 43 4.5
4 Bifenthrin 594 0.8 6.6
5 Chlordane 58.3 45 6.0
6  Deltanethrin (talomethrin) 634 12.1 4.6
7 Dieldrin 64.6 6.0 5.6
8 Difenoconazole 67.3 15.8 49
9 Endosulfan 64.6 1.8 4.7
10 Endrin 66.7 5.5 53
11 Fenclorim 59.1 1.7 4.1
12 Halfenprox 53.1 9.3 7.7
13 Heptachlor 51.8 3.7 5.5
14 Imibenconazole 64.4 17.9 5.7
15 DDT 62.6 9.2 6.9
16 Pendimethalin 63.7 6.2 52
17 Quintozene 571 1.7 5.1
18 Permethrin 61.0 2.5 5.7
19 Phenothrin 56.3 1.4 5.6
20 Pirimiphos-ethyl 67.0 1.7 3.7
21 Prochloraz 63.7 10.5 3.6
22 Prothiofos 59.1 53 5.7
23 Pyridalyl 56.7 5.9 8.1
24 Silafluofen 57.7 6.8 8.2
25 Tebupirimfos 58.9 0.5 42
26 Tefluthrin 63.5 3.1 6.4
27 Tri-allate 47.9 3.0 3.8
28 Trifluralin 69.2 1.1 4.8
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3.13.1. Hexane o839 o 3j4=&

100 wgLo] =5 7K #E §HS LCMS/MSe}
GCMS/MSE o &) mjd B4 fHepdos BAs5130c

Hexane & o|g3lo] AA|ejet 382 LC-MSMS 207 &
% 322870 ~ 120% |, AF(% RSD) 20% o512
U]'7‘o]—X] 5= AES 6 Z(Table 1), GCMSMS 113 &
Z 348 70 ~ 120% o|u), AF4(% RSD) 20% o]zs-k%
alE5}A] 351 28 Fo|rk(Table 2). Log Pow 3ho] £

S ISR T el heanest 2 1194 o)
2 AMSE 7 Log Poy 910] & AE-S acetonitrlerch
hexane3-0.2 o530} 3R] Ashelele. vy Sl
91 hexane®] Log Pow % 3.76 & 7|02 Table 1, 29} 7+
o] Log Pow 3 oJA%1 4] 8l580] 24 Slarek

3.132. Freezing & 0185198 1 3

100 L8] 58 14 S B4 LCMIMSS} G
MSIVS i 5 e o) 88 Agat AlRs Bt
7] o] o] 4052 matrix matched AJREE v} BEL

LCMS/MSeF GCMSMS 24 oy 320 A& W= 70 ~
120% o4, 32 % RSD) 20% o6t TESSISIT
3.2. Matrix Effect

Matrix effects 2R1517] I8l ofefel 22> A1 o]-8s}

of ZAktrk mpRiTe] WSl + 20% ofsh= ok

20
8
=i
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HE

©
»
0

4 - <28 > 50
effect (%)

Figure 3. Matrix effect of LC-MS/MS.
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Figure 4. Matrix effect of GC-MS/MS.



LC-MS/MS9} GC-MS/MSZ ©] &3} o

9l £20 ~ 50% o= S, + 50% Fi= Al W
=2 L, 1 A LOCMS/MS= + 20% o3} 155 3
+ 20 ~ 50% O[] 2 & + 50% 27} 11 EFigure 3),
GC-MS/MS= + 20% 0|5} 69 2, 20 ~ 50% o 37 &,
+ 50% 27} 30 H(Figure 4), LCMSMSH T GC-MSMS=
matrix effect (ME)2] Z}o] =Tk

slope of matrix matched calibration
— slope of solvent calibration

slope of solvent calibration

ME (%) = X100

3.3. dEel, T 2l Meiy, dEdel 28

5 ugll, S0 ugllo] FEES A EE G4 AR 4

A4

gl

=

)]

) o

oA F 320F °F 1
7¥o] 3 HiE Ade
2P44L- 5 ~ 100 pg/ll AUt B
He= 70 ~ 120% ool AtHEEHR%, RSD)=
20% olskz 7|1EAE AASISITE LCMS/MS 241t
207 AJETF GCMSMS £4 o) 113 AR 382 A
T 5 ug/lLo}F 1% 50 ug/LoflA 70 ~ 120% o]ujo]w, Ak
EFZH2 %, RSD)= 20% o|sks H%F #Q] ofo) &35}
Ak Sl5=go et Aak= Table 3, 49} Zo| W=53}3ick
&% LOD, AaFetA| LOQ: thaat 2tk LC-MSMS
O GCMSMS ZAoflA] 7} 2] LOD&= H5F 0.1 ~ 1.6
pg/L IR0, LOQE 03 ~ 48 ugl W= Yelgrh

Table 3. Average Recovery and %RSD of 207 Pesticides at Two Spiking Levels with LC-MS/MS

. Rec (%) RSD (%) LOD LOQ
No. Pesticide
5 (ugl) 50 (ugll) 5 (ugll) 50 (ug/l) (ug/L) (ug/L)
1 Abamectin Bl 77.0 76.9 7.4 5.5 1.5 45
2 Acephate 77.0 84.7 174 8.1 0.2 0.5
3 Acetamiprid 111.9 89.7 1.1 1.4 0.1 0.3
4 Aldicarb 101.5 87.9 33 3.0 0.2 0.5
5 Amisulbrom 105.9 101.0 19.2 15.0 0.1 0.3
6 Azimsulfuron 97.0 94.3 4.8 7.6 0.1 0.3
7 Azinphos-methyl 80.0 922 17.3 13.5 0.1 0.4
8 Azoxystrobin 91.1 96.3 6.5 1.3 0.1 0.3
9 Bendiocarb 98.5 84.4 7.9 3.7 0.1 0.4
10 Bensulfuron-methyl 100.7 88.4 7.7 83 0.1 0.3
11 Benthiavalicarb-isopropyl 114.1 85.3 4.1 0.4 0.1 0.3
12 Benzobicyclon 116.3 88.3 12.7 3.1 0.1 0.3
13 Benzoximate 78.9 83.0 5.6 1.7 0.1 0.3
14 Bitertanol 74.1 80.5 12.5 1.2 0.1 0.2
15 Boscalid 83.4 112.8 17.8 7.4 0.1 0.3
16 Bromacil 93.3 79.8 4.8 1.3 0.1 0.3
17 Buprofezin 852 85.9 8.0 2.8 0.1 0.3
18 Cadusafos 84.4 76.4 7.0 33 0.1 0.3
19 Cafenstrole 92.6 73.4 5.5 6.9 0.1 0.3
20 Carbaryl 91.1 83.9 11.2 42 0.1 0.3
21 Carbendazim 86.7 86.9 7.7 2.8 0.1 0.3
22 Carbofuran 87.4 89.0 1.5 33 0.1 0.3
23 Carboxin 97.0 82.1 2.6 43 0.1 0.3
24 Carfentrazone-ethyl 70.7 77.3 5.6 2.6 0.1 0.3
25 Carpropamid 89.6 76.9 12.5 10.3 0.1 0.3
26 Chlorpyrifos 78.1 71.4 19.0 6.3 0.1 0.3
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Table 3. Continued
N Rec (%) RSD (%) LOD LOQ
No. Pesticide
5 (ugl) 50 (ugll) 5 (ugll) 50 (ug/l) (ug/l) (ug/l)

27 Chlorsulfuron 9.1 85.0 49 5.1 0.1 0.3
28 Chromafenozide 111.1 89.6 12.5 15.4 0.1 0.3
29 Clethodim 78.5 78.7 114 83 0.1 0.3
30 Clofentezine 103.0 81.3 6.6 52 0.1 0.3
31 Clomazone 99.3 86.0 8.5 5.6 0.1 0.3
32 Clothianidin 98.5 87.6 5.2 33 0.1 0.3
33 Cyazofamid 77.0 86.1 15.9 9.2 0.1 0.3
34 Cyclosulfamuron 103.0 119.6 6.6 17.5 0.1 0.3
35 Cyflufenamid 110.4 95.0 9.1 84 0.1 0.3
36 Cyhalofop-butyl 77.8 75.6 19.2 10.0 1.4 42
37 Cymoxanil 108.1 88.1 6.6 6.3 0.2 0.6
38 Cyproconazole (1, 1) 78.5 83.1 43 8.2 0.1 0.3
39 Daimuron 89.6 91.3 6.2 7.2 0.1 0.3
40 Demeton-s-methyl 119.3 86.4 22 42 0.2 0.7
41 Diazinon 874 82.3 53 8.4 0.1 0.3
42 Dichlorvos (DDVP) 83.0 87.3 6.7 49 0.1 0.4
43 Diethofencarb 874 87.9 7.8 6.7 0.1 0.3
44 Diflubenzuron 79.6 86.9 15.1 15.1 0.1 0.3
45 Dimepiperate 99.3 71.7 11.0 4.7 0.4 1.2
46 Dimethametryn 108.1 74.7 3.1 2.4 0.1 0.3
47 Dimethenamid 88.9 84.1 43 1.8 0.1 0.3
48 Dimethomorph (E, Z) 1104 91.3 8.1 3.8 0.1 0.3
49 Diniconazole 80.0 75.9 13.9 9.3 0.1 0.3
50 Dinotefuran 83.7 86.5 6.1 32 0.1 0.3
51 Diphenamid 77.8 86.1 5.7 4.1 0.1 0.3
52 Dithiopyr 92.6 95.8 9.1 14.3 0.1 0.3
53 Diuron 89.6 75.7 5.7 45 0.1 0.3
54 Edifenphos 108.1 84.9 43 10.2 0.1 0.3
55 Esprocarb 74.4 74.5 9.1 33 0.1 0.3
56 Ethaboxam 85.9 89.2 1.5 3.1 0.1 0.3
57 Ethiofencarb 100.0 82.1 22 2.1 0.1 0.3
58 Ethoprophos 9.1 77.1 3.6 5.0 0.1 0.3
59 Ethoxysulfuron 91.9 84.1 7.0 8.7 0.1 0.3
60 Etofenprox 78.5 70.7 18.9 32 0.1 0.3
61 Etoxazole 72.6 71.8 6.4 1.9 0.4 1.2
62 Etrimfos 72.6 82.3 15.1 12.5 0.1 0.3
63 Famoxadone 97.8 92.3 10.1 12.6 0.3 0.9
64 Fenamiphos 106.7 92.6 3.6 7.1 0.1 0.3
65 Fenarimol 822 72.8 7.2 5.1 0.1 0.3
66 Fenazaquin 74.8 73.9 124 16.8 0.1 0.3
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Table 3. Continued
No. Pesticide Ree 00) RSD (%) LoD LoQ
5 (ugll) 50 (ugl) 5 (ugll) 50 (ug/L) (ug/L) (ug/L)
67 Fenbuconazole 80.0 80.1 16.7 14.3 0.1 0.3
68 Fenhexamid 119.3 86.4 114 9.6 0.1 0.2
69 Fenobucarb 71.1 86.0 83 4.0 0.1 0.3
70 Fenoxaprop-ethyl 97.0 94.6 4.8 8.0 0.5 1.5
71 Fenoxycarb 70.7 91.4 18.8 5.9 0.1 0.3
72 Fenpyroximate 73.3 73.9 6.1 4.5 0.1 0.3
73 Fentrazamide 100.0 84.9 4.4 18.7 0.1 0.2
74 Ferimzone (E, Z) 108.9 82.3 2.0 5.0 0.1 0.3
75 Flonicamid 103.7 91.3 54 6.9 0.1 0.4
76 Fluacrypyrim 1104 89.8 8.1 2.6 0.1 0.3
77 Flubendiamide 79.3 71.8 194 184 0.1 0.3
78 Flucetosulfuron 87.4 91.9 53 1.3 0.1 0.3
79 Fludioxonil 73.3 713 16.9 114 0.1 0.3
80 Flufenacet 104.4 71.2 11.8 19.3 0.1 0.3
81 Flufenoxuron 78.1 774 12.3 9.7 0.1 0.3
82 Fluopicolide 78.1 89.6 13.2 42 0.1 0.3
83 Fluquinconazole 105.2 93.6 8.8 11.5 0.1 0.3
84 Flusilazole 117.0 93.0 9.0 11.6 0.1 0.3
85 Flutolanil 722 88.8 10.7 1.0 0.1 0.3
86 Fluxapyroxad 108.1 90.1 7.8 19.7 0.1 0.3
87 Forchlorfenuron 90.4 85.3 6.2 1.5 0.1 0.3
88 Fosthiazate 90.4 90.0 7.9 3.5 0.1 0.3
89 Furathiocarb 71.1 83.3 3.1 6.2 0.1 0.3
90 Gibberellic acid 752 72.9 19.0 184 1.6 4.8
91 Halosulfuron-methyl 80.7 78.1 42 4.7 0.1 0.3
92 Haloxyfop 114.1 99.1 19.2 3.5 0.2 0.6
93 Hexaconazole 74.1 78.0 4.6 4.7 0.1 0.3
94 Hexaflumuron 105.2 104.0 19.3 18.8 0.1 0.3
95 Hexazinone 94.8 89.3 1.4 2.8 0.1 0.3
96 Hexythiazox 78.9 76.4 17.1 12.0 0.1 0.3
97 Imazalil 113.3 89.8 5.2 3.1 0.1 0.3
98 Imazosulfuron 97.0 95.9 9.3 4.8 0.1 0.3
99 Imicyafos 105.2 89.9 8.5 7.4 0.1 0.3
100 Imidacloprid 86.7 96.8 6.8 5.5 0.1 0.3
101 Inabenfide 71.9 83.3 7.1 6.9 0.1 0.2
102 Iprobenfos 95.6 83.7 23 44 0.1 0.3
103 Iprovalicarb 71.1 87.3 3.1 8.4 0.1 0.3
104 Isoprocarb 83.7 85.9 3.1 1.7 0.1 0.3
105 Isoprothiolane 95.6 82.0 23 9.0 0.1 0.3
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Table 3. Continued
No. Pesticide Ree 00) RSD (%) LoD LoQ
5 (ugll) 50 (ugl) 5 (ugll) 50 (ug/L) (ug/L) (ug/L)
106 Isopyrazam 74.4 91.0 9.1 2.7 0.1 0.3
107 Kresoxim-methyl 117.8 99.8 10.5 10.9 0.1 0.3
108 Linuron 91.1 109.2 6.5 15.6 0.1 0.3
109 Lufenuron 90.4 76.4 9.9 153 0.1 0.3
110 Malathion 99.3 88.5 7.9 2.0 0.1 0.3
111 Mandipropamid 119.3 93.6 2.8 13.8 0.1 0.3
112 Mefenacet 87.4 89.3 6.4 1.0 0.1 0.3
113 Mepanipyrim 73.7 75.4 19.2 133 0.1 0.3
114 Mepronil 79.3 81.3 8.1 9.1 0.1 0.3
115 Metalaxyl 80.0 91.2 10.0 22 0.1 0.3
116 Metamifop 71.9 103.9 18.8 4.1 0.1 0.3
117 Metazosulfuron 114.1 87.0 1.1 34 0.1 0.3
118 Metconazole 77.4 87.5 15.6 8.0 0.1 0.3
119 Methabenzthiazuron 79.3 85.4 43 1.7 0.1 0.3
120 Methiocarb 76.3 87.8 7.3 5.6 0.1 0.3
121 Methomyl 72.6 86.8 7.7 4.1 0.1 0.2
122 Methoxyfenozide 91.1 74.7 10.6 18.8 0.1 0.3
123 Metobromuron 102.2 88.7 10.0 33 0.1 0.3
124 Metolcarb 101.5 82.6 33 5.7 0.1 0.2
125 Metrafenone 80.7 90.6 12.4 4.7 0.1 0.3
126 Mevinphos 91.9 88.7 5.6 35 0.1 0.3
127 Milbemectin (A3) 78.5 733 7.1 8.5 0.1 0.4
Milbemectin (A4) 103.0 1172 18.6 12.8 0.2 0.6
128 Molinate 83.0 79.2 1.5 5.6 0.1 0.3
129 Monocrotophos 98.5 88.7 34 33 0.1 0.3
130 Myclobutanil 79.6 83.9 14.7 6.6 0.1 0.3
131 Napropamide 92.6 87.9 113 12.7 0.1 0.3
132 Nicosulfuron 75.6 91.6 10.6 3.6 0.1 0.3
133 Novaluron 105.9 90.9 1.2 14.1 0.1 0.4
134 Nuarimol 71.9 80.2 9.9 5.5 0.1 0.3
135 Ofurace 103.0 93.6 54 32 0.1 0.3
136 Omethoate 822 86.8 54 7.5 0.1 0.3
137 Oxadiazon 874 85.8 13.0 7.5 0.1 0.3
138 Oxadixyl 99.3 88.7 4.7 6.3 0.1 0.3
139 Oxamyl 89.6 93.6 3.8 7.1 0.1 0.3
140 Oxaziclomefone 80.0 82.0 7.3 5.0 0.1 0.3
141 Paclobutrazol 81.5 91.5 42 4.8 0.1 0.3
142 Penconazole 72.6 91.9 6.4 6.3 0.1 0.3
143 Pencycuron 103.0 80.7 3.3 6.4 0.1 0.3
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Table 3. Continued

- Rec (%) RSD (%) LOD LOQ
No. Pesticide
5 (ugll) 50 (ugl) 5 (ugll) 50 (ug/L) (ug/L) (ug/L)

144 Penoxsulam 97.8 95.8 4.5 7.2 0.1 0.3
145 Pentoxazone 110.4 94.9 18.7 19.4 1.5 45
146 Phenthoate 100.0 95.0 17.6 2.6 0.1 0.2
147 Phosphamidone 79.3 94.1 43 4.6 0.1 0.3
148 Phoxim 114.1 94.8 194 154 0.1 0.3
149 Piperophos 74.1 83.4 14.2 39 0.1 0.3
150 Pirimicarb 102.2 923 5.8 2.2 0.1 0.3
151 Pirimiphos-methyl 90.4 79.0 6.2 23 0.1 0.3
152 Probenazole 70.4 79.1 19.6 42 0.2 0.6
153 Profenofos 80.7 77.3 6.4 7.9 0.1 0.3
154 Propamocarb 84.4 81.4 0.0 3.1 0.1 0.3
155 Propanil 107.4 72.6 6.3 7.6 0.1 0.2
156 Propaquizafop 79.6 91.1 19.4 4.0 0.1 0.3
157 Propoxur 73.3 88.4 3.0 1.5 0.1 0.3
158 Pyraclofos 103.7 74.7 1.2 3.0 0.1 0.3
159 Pyraclostrobin 81.5 80.0 3.1 22 0.1 0.3
160 Pyrazolate 752 98.1 19.0 19.7 0.1 0.3
161 Pyrazophos 76.3 98.2 16.0 14.9 0.1 0.3
162 Pyribenzoxim 88.9 101.6 10.9 144 0.1 0.3
163 Pyributicarb 71.5 76.4 83 33 0.1 0.3
164 Pyridaben 76.7 70.1 33 54 0.1 0.3
165 Pyridaphenthion 103.0 85.6 10.6 1.6 0.1 0.3
166 Pyrifluquinazon 874 91.5 8.9 10.3 0.1 0.3
167 Pyriftalid 117.8 86.4 115 5.9 0.1 0.3
168 Pyrimethanil 86.7 75.3 9.2 1.5 0.1 0.3
169 Pyrimidifen 79.6 83.6 13.5 7.8 0.1 0.3
170 Pyriminobac-methyl (E, Z) 88.1 91.9 17.2 3.8 0.1 0.3
171 Pyrimisulfan 86.7 922 8.9 5.9 0.1 0.3
172 Pyriproxyfen 96.3 73.7 7.1 5.4 0.1 0.3
173 Pyroquilon 78.5 85.7 1.6 5.5 0.1 0.3
174 Quinalphos 103.7 78.9 4.9 7.8 0.1 0.3
175 Quinmerac 100.7 89.6 6.4 5.8 0.1 0.3
176 Quinoclamine 86.7 80.1 5.1 5.8 0.3 0.9
177 Quizalofop-ethyl 859 85.7 6.0 54 0.1 0.3
178 Saflufenacil 1193 116.5 7.5 3.9 0.1 0.3
179 Sethoxydim 89.1 100.7 5.5 2.1 0.1 0.3
180 Spinetoram (J) 88.9 99.3 9.0 10.9 0.1 0.3

Spinetoram (L) 117.0 99.4 153 10.1 0.1 0.3
181 Spirodiclofen 74.1 80.1 3.5 43 0.1 0.4
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Table 3. Continued
No. Pesticide Ree 00) RSD (%) LoD LoQ
5 (ugll) 50 (ugl) 5 (ugll) 50 (ug/L) (ug/L) (ug/L)
182 Spirotetramat 91.9 98.7 3.7 5.1 0.1 0.3
183 Sulfoxaflor 80.7 95.1 6.9 4.6 0.1 0.3
184 Tebuconazole 96.3 70.9 9.6 9.9 0.1 0.3
185 Tebufenozide 86.7 88.5 11.8 10.2 0.1 0.3
186 Tebufenpyrad 92.6 70.4 5.5 2.4 0.1 0.3
187 Teflubenzuron 107.4 72.0 13.8 4.7 0.4 1.2
188 Terbuthylazine 78.1 77.9 5.0 3.0 0.1 0.3
189 Tetraconazole 104.4 79.9 3.7 18.0 0.1 0.3
190 Thenylchlor 874 89.3 7.8 2.9 0.1 0.3
191 Thiabendazole 110.4 88.1 3.1 10.0 0.1 0.3
192 Thiacloprid 91.9 86.1 5.0 6.5 0.1 0.3
193 Thiamethoxam 117.8 923 33 1.6 0.1 0.3
194 Thiazopyr 101.5 78.4 7.7 2.6 0.1 0.3
195 Thidiazuron 101.5 84.1 4.6 3.8 0.1 0.3
196 Thifensulfuron-methyl 95.6 87.9 2.3 7.1 0.1 0.3
197 Thiobencarb 80.7 71.2 5.7 3.2 0.1 0.3
198 Thiodicarb 85.2 90.4 84 43 0.1 0.3
199 Tiadinil 1104 76.0 9.1 5.3 0.4 1.2
200 Triadimefon 107.4 84.4 7.3 22 0.1 0.3
201 Triazophos 99.3 83.0 8.5 184 0.1 0.3
202 Tricyclazole 104.4 85.7 2.1 52 0.1 0.4
203 Trifloxystrobin 88.9 90.3 9.0 29 0.1 0.3
204 Triflumizole 78.9 83.0 18.3 4.0 0.1 0.3
205 Triflumuron 96.3 88.4 214 9.2 0.1 0.3
206 Uniconazole 78.1 73.6 10.5 5.1 0.1 0.3
207 Vamidothion 103.0 92.1 33 47 0.1 0.2
Table 4. Average Recovery and %RSD of 113 Pesticides at Two Spiking Levels with GC-MS/MS
. Rec (%) RSD (%) LOD LOQ
No. Pesticide
5 (ugll) 50 (ugl) 5 (ugll) 50 (ug/L) (ug/L) (ug/L)
1 Acrinathrin 76.3 75.6 1.7 3.1 0.8 23
2 Alachlor 79.3 83.9 11.7 5.1 0.9 2.7
3 Aldrin 78.9 76.2 16.1 1.9 0.6 1.9
4 Ametoctradin 83.7 80.1 8.1 29 0.6 1.9
5 Anilofos 774 78.8 10.6 3.8 0.2 0.7
6 Azaconazole 84.4 87.9 7.0 39 0.6 1.9
7 Benfuresate 81.5 86.1 6.9 7.3 0.1 0.2
8 BHC 77.0 724 9.2 1.6 0.6 1.9
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Table 4. Continued

B Rec (%) RSD (%) LOD LOQ
No. Pesticide
5 (ugll) 50 (ugl) 5 (ugll) 50 (ug/L) (ug/L) (ug/L)
9 Bifenox 92.6 76.6 18.3 12.1 1.2 3.6
10 Bifenthrin 78.1 73.0 11.6 39 0.5 1.6
11 Bromobutide 77.0 75.8 19.0 1.9 0.5 1.5
12 Bromopropylate 72.6 74.6 3.9 49 0.1 0.2
13 Butachlor 78.9 75.9 8.5 2.4 1.4 42
14 Butafenacil 752 85.9 2.0 0.3 0.1 0.2
15 Carbophenothion 76.3 71.8 8.4 1.6 1.4 42
16 Chlorantraniliprole 70.0 77.1 9.8 4.8 0.3 0.8
17 Chlordane 74.1 73.2 12.6 5.7 1.5 4.4
18 Chlorfenapyr 75.6 74.2 15.6 5.0 0.9 2.7
19 Chlorfenvinphos 79.3 77.7 43 14.4 1.5 4.4
20 Chlorfluazuron 71.5 74.1 18.2 11.1 0.3 0.8
21 Chlorobenzilate 73.7 75.5 4.0 3.2 0.1 0.2
22 Chlorpropham 72.6 71.8 8.8 43 1.2 3.6
23 Chlorpyrifos-methyl 73.0 75.5 15.8 3.7 0.1 0.4
24 Cyfluthrin 88.1 85.2 6.3 5.6 1.3 3.9
25 Cyhalothrin 722 79.5 3.6 8.4 1.4 42
26 Cypermethrin 80.0 714 5.6 7.0 1.5 45
27 Cyprodinil 75.2 72.0 11.0 1.1 0.5 1.5
28 Deltamethrin (Tralomethrin) 97.0 75.1 6.6 3.8 1.2 3.6
29 Diclofop-methyl 74.4 74.2 11.9 24 0.2 0.6
30 Dicloran 74.8 733 9.5 8.2 1.3 39
31 Dicofol 70.7 77.9 114 5.5 0.2 0.7
32 Dieldrin 774 72.8 6.9 4.6 0.5 1.5
33 Difenoconazole 71.9 724 19.3 42 0.2 0.7
34 Dimethoate 70.7 83.6 7.6 16.6 0.2 0.6
35 Dimethylvinphos 77.8 88.4 29 3.1 0.1 0.2
36 Diphenylamine 100.7 71.9 11.3 1.2 1.4 42
37 Disulfoton 874 74.0 18.3 4.4 1.1 33
38 Endosulfan 73.0 74.8 54 7.8 1.0 3.0
39 Endrin 74.4 73.6 19.2 3.8 1.5 4.5
40 EPN 1133 84.1 13.7 3.6 1.2 3.6
41 Epoxiconazole 82.2 87.8 2.7 2.6 0.2 0.6
42 Ethalfluralin 75.6 77.8 15.6 2.1 0.4 1.2
43 Ethion 78.9 784 5.6 32 0.1 0.3
44 Etridiazole 91.1 784 49 2.0 1.4 42
45 Fenclorim 73.7 71.8 2.9 1.6 0.1 0.3
46 Fenitrothion 89.6 922 52 49 0.1 0.4
47 Fenothiocarb 79.3 82.1 9.0 2.5 0.2 0.7
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Table 4. Continued

- Rec (%) RSD (%) LOD LOQ
No. Pesticide
5 (ugll) 50 (ugl) 5 (ugll) 50 (ug/L) (ug/L) (ug/L)

48 Fenoxanil 83.0 87.0 5.6 3.1 0.3 0.9
49 Fenpropathrin 70.7 76.7 11.8 1.9 1.2 3.6
50 Fenthion 80.7 81.9 1.6 2.8 0.2 0.7
51 Fenvalerate 74.4 71.7 18.0 13.1 1.1 34
52 Fipronil 105.9 81.1 8.7 19.8 0.2 0.6
53 Flucythrinate 97.8 109.0 19.6 10.3 1.3 39
54 Flumioxazine 110.4 74.3 17.6 10.8 0.4 1.3
55 Fluopyram 79.3 89.2 1.6 2.1 0.3 1.0
56 Fonofos 77.0 74.7 15.7 0.5 0.1 0.4
57 Fthalide 90.4 85.9 9.9 43 0.1 0.4
58 Halfenprox 752 77.7 5.1 1.9 0.9 2.6
59 Heptachlor 70.7 70.1 11.2 35 0.3 0.8
60 Imibenconazole 71.8 79.6 19.1 124 1.6 4.8
61 Indanofan 88.1 93.3 11.6 6.6 1.4 42
62 Indoxacarb 71.1 74.9 19.1 14.8 0.1 0.4
63 Iprodione 722 96.1 113 7.2 0.5 1.4
64 Isazofos 70.4 82.5 6.6 3.7 0.4 1.2
65 Isofenphos 752 80.5 5.2 23 0.1 0.3
66 Mecarbam 77.0 84.2 12.0 9.5 0.7 2.1
67 Methidathion 92.6 88.4 1.4 1.2 0.2 0.6
68 Metribuzin 83.0 78.1 8.6 15.2 0.4 1.1
69 Metolachlor (S-Metolachlor) 72.6 80.7 3.5 4.1 0.1 0.3
70 Lindane 70.7 82.6 10.6 11.8 0.1 0.3
71 Oxyfluorfen 99.3 86.5 9.3 5.0 1.0 3.1
72 DDT 722 75.2 9.4 1.6 0.3 0.8
73 Parathion-ethyl 71.1 87.6 19.5 6.7 0.7 2.1
74 Parathion-methyl 90.4 79.3 3.8 16.3 0.2 0.6
75 Pendimethalin 112.6 70.3 13.1 6.2 0.4 1.1
76 Quintozene 73.0 78.4 124 4.1 04 1.1
77 Penthiopyrad 77.0 92.4 8.8 2.6 0.1 0.4
78 Permethrin 75.6 71.7 4.0 2.5 1.0 3.0
79 Phenothrin 74.5 77.3 19.6 16.9 1.0 3.0
80 Phorate 76.3 75.6 9.9 2.8 1.5 45
81 Phosalone 822 79.8 16.9 3.7 0.6 1.8
82 Picoxystrobin 71.9 89.1 6.4 3.2 0.1 0.4
83 Piperonyl butoxide 71.9 79.0 9.9 1.4 0.6 1.7
84 Pirimiphos-ethyl 77.0 72.9 18.2 5.0 0.3 0.9
85 Pretilachlor 752 80.2 7.1 8.3 0.2 0.5
86 Prochloraz 84.4 874 7.0 4.1 1.5 45
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Table 4. Continued
. Rec (%) RSD (%) LOD LOQ
No. Pesticide
5 (ugll) 50 (ugl) 5 (ugll) 50 (ug/l) (ug/L) (ug/L)
87 Procymidone 73.3 83.9 5.2 2.8 0.9 2.7
88 Promecarb 89.6 86.7 5.7 3.1 1.1 33
89 Prometryn 88.1 81.1 39 1.6 1.4 42
90 Propachlor 78.5 84.7 43 0.7 0.5 1.5
91 Propazine 80.0 70.4 18.0 8.7 1.5 45
92 Propiconazole 76.3 77.8 19.5 18.8 1.1 33
93 Propisochlor 74.8 84.6 34 44 0.9 2.8
94 Propyzamide 722 76.9 14.3 1.3 0.7 22
95 Prothiofos 77.4 79.0 9.8 44 0.2 0.6
96 Pyridalyl 78.5 75.7 33 1.6 0.1 0.4
97 Silafluofen 78.5 71.0 33 2.0 0.1 0.3
98 Simazine 722 79.3 7.1 15.2 0.6 1.9
99 Simeconazole 80.0 87.1 12.1 3.7 0.5 1.6
100 Simetryn 80.0 82.6 9.6 2.0 0.7 2.0
101 Spiromesifen 73.0 77.0 18.2 2.0 0.5 1.4
102 Tebupirimfos 74.8 71.8 19.1 2.1 0.1 0.4
103 Tefluthrin 73.0 74.1 8.9 6.2 0.2 0.6
104 Terbufos 70.4 712 10.2 2.7 0.1 0.3
105 Terbutryn 73.0 78.5 7.3 0.7 0.3 0.8
106 Tetradifon 752 76.1 7.5 2.5 1.0 3.0
107 Thifluzamide 71.5 80.4 10.4 1.5 0.2 0.5
108 Tolclofos-methyl 72.6 81.3 7.7 52 0.5 1.4
109 Triadimenol 752 78.1 12.0 2.2 1.2 3.7
110 Tri-allate 73.3 71.7 16.7 4.1 0.1 0.4
111 Trifluralin 78.5 70.1 4.4 2.0 0.1 0.4
112 Vinclozolin 78.5 79.3 22 1.7 0.2 0.6
113 Zoxamide 79.6 74.4 9.2 39 1.2 3.6
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Figure 5. Chromatogram of chlorpyrifos detected in basil oil.
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Piperonyl butoxide
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Figure 6. Chromatogram of piperonyl butoxide detected in basil oil.

Silafluofen

Figure 7. Chromatogram of silafluofen detected in clove leaf oil.
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