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Simultaneous Analysis Method and Monitoring of 16 Non—polar

Organophosphorus Pesticides of Agricultural Products Distributed in 2019

Jae Yun Jeon

Department of Food Science and Technology Industry
Graduate School of Global Fisheries

Pukyong National University

Abstract

Simultaneous analysis of 16 nonpolar organophosphorus pesticides is
known to be difficult because they are grouped by the different ranges of
physical and chemical characteristics, simultaneous analysis has been tried
by sample extraction, refining, and instrument analysis only for each group.

The purpose of this study was to ensure the reliability for simultaneous
analysis of the 16 nonpolar organophosphorus pesticides by classifying
them according to their similarities in physical and chemical properties
using analytic methods of gas chromatography and NPD (nitrogen-

phosphorus detector). Therefore, the analysis method included or added to

\



food samples is applied with more advanced analysis techniques, simplified
and organized for the analytical process for the improvement and
improvement of the analysis efficiency. The 15 non-polar
organophosphorus pesticides showed excellent linearity with a correlation
coefficient of 0.9992. The results for recovery test to confirm the accuracy
was 74.9 ~ 118.2%. The detection limit (LOD) was measured based on S/N
ratio of 3 or higher and the quantitation limit (LOQ) was measured based on
S/N ratio of 10 or higher. As a result of validation for 15 non-polar
organophosphorus pesticides analysis, LOD and LOQ were 0.001 ~
0.003(mg/kg) and 0.003 ~ 0.01(mg/kg), respectively. Verification of 16
nonpolar organophosphorus pesticides resulted in the exclusion of bensulide
with low NPD sensitivity and fensulfothion with low recovery rate, so the
other 14 nonpolar organophosphorus pesticides can be simultaneously
analyzed among 16 nonpolar organophosphorus pesticides.

These results will give valuable information for the analysis of nonpolar
organophosphorus pesticides and other pesticides in agricultural food

products.
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F7191A4]  FFowEA  AEA|Ql  azinphos—ethyl, carbophenothion,

chlorethoxyfos, cyanophos, ethoprophos, fensulfothion, isazofos,



isofenphos, pirimiphos—ethyl, propetamphos, sulfotep,
tetrachlorvinphos % tribufos, A+ A% edifenphos % tolclofos-
methyl, 28] A ZAQ] bensulideE ¥4 AR o R Y. At
o= stz 9 542 Table 13 2t}

A8l AleF acetone, acetonitrile, dichloromethane, hexane, sodium
chloride, sodium sulfate®] 7% Merck(Darmstadt, Germany)A}=Z5-¥
Tdste] ARgslh A8 AA A 9l AgilentAl AlE<Q] Mega

Bond Elut-Florisil cartridge(10 g, 60 mD)E AF&-3}%ch



Table 1. Molecular structures of 16 nonpolar organophosphorus
pesticides

Vapor
Campound Structure MALs - Log pessure pHa Defindtion
(mgflkg) Po
(mPa)
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Al® 25 g& & 20 mLE ¥al 573F gt o7 obAlE 100 mLE

A7bebaL 28 FAE g gAsE 2 s BAzYrE §9 o

=

Hatar, FFELS A ofAlE 40 mLZ Aol 99 ofNz} stk 5 Hoo
27l 713 S5 450 mLek £34 94 50 mLE H7F - 100
mL®] n-hexane/dichloromethane(80/20, v/v)< 7t3te] 53t 2 H3}
A EE5°] 42 F AGAste] 99 n-hexane/dichloromethane (80/20,
v/v)o & F3F . n-hexane/dichloromethane (80/20, v/v)¥& F4-3F
AUHEF 15 goll T3AA ekl 40TColste] 8ol A s =3t
o &ulE BT gAY, AxEd oHNEYEZ 23 It 20 mLE
7veto] =<1 - 250 mL &%¢] Ao &Ytk 4 3} oM E
UEZS 40 mLE 427 7keto] 53t AdeA S50 42
T AR FEE oMAEUEYESS 125 mL &% sHE0A
w/|al, ez r]e] E Ak oo thA] 4k ¥3 oA EYEH
40 mLE 7tete] 919 #A4S T 33 HEFogt. FH oAEYEH
ofls  40Tolete] &AM FdEFske]  EHHEal n-

hexane/dichloromethane(90/10, v/v) 10mL= =<It}.
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3-2. AA

of @A FRHA 10 g2 ST, 1 9] FRWIEF F 2 g

S Z723 3 n-hexane/dichloromethane(90/10, v/v) 50 mLZ 7}3}3

ofje

ol AALN 10 mLE 7}k 3 9F 3 mL/ming &= SejH it}

A EHo] =% 7] AA n-hexane/dichloromethane Z3%o(60/40,

v/v) 150mLE 83A|# chlorethoxfos, sulfotep, tolclofos—-methylS-

kol a1, A48} dichloromethane/acetone =3+21(95/5, v/v) 150
mLE §3%AlA azinphos-ethyl, cyanophos, edifenphos, ethoprophos,
fensulfothion, isazofos, isofenphos, pirimiphos—ethyl, propetamphos,
tetrachlorvinphos % tribufos& %ottt Z2H7ke] 8= 905 40Ceo]st
o] a4 b s=stal izl acetone 10mE 7hske] z =<l
o Aok 14 (azinphos—ethyl, chlorethoxyfos, cyanophos,
edifenphos, ethoprophos, fensulfothion, 1isazofos, isofenphos,

pirimiphos—ethyl, propetamphos, sulfotep, tetrachlorvinphos,

tolclofos—methyl % tribufos)e] A|&l 8ol o7 A}-8-3lt},

12



Sample23 g

Acetone extraction

 Add 100 mL acetone and homogenize for 2 min.

Liquid-liquid partition

| Add S0 mLsatd, NaCl+ 450 mL Dist, water

Soyhean, Hulled rice — Extractwith 100 mLof n-hexane: CH,Cl,(80:20,v)
|

n-Hexane/ACN partition

—20/40mLx3, ACN

Florisil CC

— 10 mL n-hexane : CH,Cl, (90:10,v/v),Load
— 150 mL-hexane: CH,Cl, (60 : 40,v/v), 3 compounds

— 150 mLCH,Cl, ! acetone (95 : §,v/v), 11 compounds

GLCNPD
— DB-17(0.25mm x 30 m, 0.25 um)

Peak calculation

Figure 1. Experimental flowchart for GC-NPD analysis of 16
nonpolar organophosphorus pesticides
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Table 2. GC-NPD conditions used in the determination of 14
nonpolar organophosphorus pesticides

Instrument GC-NPD(7890B, Agilent, USA)
DB-17 (30 m X 0.25 mm X 0.25 um, Agilnet,
Column
USA)
Rate(C/min) Temp.(C)| Hold(min)| Time(min)
Initial 150 0 0
Oven temperature
5 240 0 18
10 290 % 30
Inject temperature| 270TC
Detector
2807C
temperature

Injection volume

1 uL, Splitless

Gas flow rate

Carrier : Ny 2 mL/min
Makeup : Ny 10 mL/min
Fuel, Hy 3 mL/min

Fuel, air 60 mL/min

15
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bensulideE #|¢st 15&<¢ AldWel| dis] AF & AW v

AF, =, AR, dFo AE835F3tE. Retention time(RT)2 A|85E
FYstal A AEH7] 7h#e] D83 AZolH column®] &7 &%,
FH= T/ 2 YH, A=vtEIHYERA o wd gk ¢ Qo

Standard 4 A3} 7} wE Rt#kS Hol= 357 chlorethoxyfos

-

(RT 6.1), ethoprophos(RT 7.0), sulfotep(RT 8.0)¢] 3}stt%x+= =3}
FJHE = J& ddd Exs JHo uFFRE AT &
AEES I AZVL 243 Rt#el AR AES &<

bt

7N

ol
H
i
1o

18 E 7FAE=  edifenphos(RT  20.8), azinphos-ethyl(RT 25.2)=
RTZko] 714 ZA U= AS & = tk(Fig. 2).
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Ho] o} 2l A} fensulfothion®] 3]FS0] vt} 15F0] w3t
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Figure 2. Result of GC-NPD analysis for standard chemicals of 15

nonpolar organophosphorus pesticides
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1-2. AE%A 2 ZAFTA
AZEFA(LOD)E= S/N ratio”} 3014, AZIHA(LOQ)= S/N ratio’}F 10
ol 7l oz SAHsglon, ool Akl wet ALteSlt

mgy\ B (mL) d
4 (K_g)_X P * =D "D )

oJ71M, A= A, X= 717189 A& BE A, C=

TAH 1¢aL De ARe FAY. 2 A3 Table 33 24

I4E AFe F5F 2EggdaS 1, 10 283 50 LOQ7F HEE
H7rste] et a(Table 4) Wdistue] 3l¢+& Axs Bz
WAA S-S A Y. A AT wxf
et Trol=gkel (A Fo kRt dAE Y, 2016)9] wEF AHEleE 1
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Table 3. Limit of quantitation of 15 nonpolar organophosphorus

pesticides
RT. Instrumental LOQ
Compound (min) LOQ (mg/kg)
(mg/kg)

Chlorethoxyfos 6.1 0.007 0.0028
Ethoprophos 7.0 0.005 0.002
Sulfotep 8.0 0.003 0.0012
Propetamphos 9.4 0.005 0.002
Cyanophos 10.6 0.005 0.002
[sazofos 11.0 0.005 0.002
Tolclofos—methyl 12.6 0.005 0.002
Pirimiphos—ethyl 13.8 0.005 0.002
Isofenphos 14.7 0.005 0.002
Tribufos 16.0 0.006 0.0024
Tetrachlorvinphos 16.5 0.010 0.004
Carbophenothion 19.4 0.007 0.0028
Fensulfothion 19.5 0.008 0.0032
Edifenphos 20.8 0.007 0.0028
TPP(Internal standard) 21.2 - -
Azinphos-ethyl 25.2 0.010 0.002
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Table 4. Recovery results of 14 nonpolar organophosphorus

pesticides
Fortified Recovery(%) £+ S.D.
Pesticides Conc.
(mg/kg) Rice Potato Soybean Mandarin Chili pepper
0.007 108.6 | 6.2 | 112.3 | 2.1 | 111.5| 2.3 | 103.8 | 2.9 105.4 | 0.9
Chlorethoxyfos 0.07 107.1 1 0.3 | 95.6 | 0.5] 108.7 | 0.3 | 102.7 | 2.1 97.7 0.6
0.35 103.9 1 0.4 | 90.5 | 0.5 ] 101.1 | 0.2 | 98.0 0.4 95.5 0.3
0.005 106.5 | 3.3 | 106.8 | 4.4 | 104.8 | 3.0 | 100.2 | 5.8 101.5 | 1.7
Ethoprophos 0.05 104.9 | 0.5 | 97.7 | 0.8 | 106.7 | 0.2 | 100.4 | 2.2 97.7 0.3
0.25 102.1 | 0.3 | 93.5 [ 0.2 | 102.8 | 0.3 | 101.6 | 0.5 99.9 | 0.3
0.003 96.5 [ 3.0 95.0 | 1.9 | 94.2 | 1.0 | 945 | 2.5 94.5 | 1.1
Sulfotep 0.03 106.1 | 0.4 | 96.6 | 0.4 | 108.2 | 0.3 | 102.4 | 2.3 98.2 | 0.3
0.15 103.9 1 0.5 | 94.2 | 0.3 ]| 102.8 | 0.2 | 97.5 0.7 100.9 | 0.3
0.005 101.3.|. 1.2 | 98.3 | 1.3 | 98.0 | 0.9 | 957 | 3.3 994 | 1.9
Propetamphos 0.05 10541 0.4 | 974 | 0.1 | 108.3| 0.3 | 103.2| 2.5 98.2 | 0.2
0.25 102.7 1 0.3 | 954 | 0.1 | 102.8 | 0.2 | 107.9| 0.5 100.8 | 0.2
0.005 100.3 1 0.9 | 101.0 | 1.8 | 100.0 | 0.9 | 96.7 2.5 88.7 1.0
Cyanophos 0.05 104.1 1 0.2 | 956 | 0.2 | 106.7 | 0.7 | 101.0 | 2.5 98.5 0.3
0.25 100.9 | 0.3 | 93.2 | 0.2 | 100.9 | 0.2 | 104.9 | 0.4 99.6 0.3
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0.005 | 96.7 | 4.7 | 109.5 | 4.7 | 107.0 | 3.7 | 108.4 | 11.7 | 107.8 | 3.9

Isazophos 0.05 | 107.2 | 0.3 | 99.8 | 0.3 | 112.0 | 0.6 | 104.8 | 2.2 | 100.8 | 0.4
0.25 | 1034 | 0.3 | 97.3 | 0.1 | 104.0 | 0.1 | 107.0 | 0.5 | 102.0 | 0.3

0.005 | 102.2 | 2.1 | 86.1 1.2 | 856 | 0.3 | 93.5 2.4 98.1 | 2.1

Tolclofos—methyl 0.05 | 106.3 | 0.2 | 98.5 | 0.2 | 108.2 | 0.4 | 103.7 | 2.7 99.3 | 0.2
0.25 | 1034 | 0.3 | 96.2 | 0.1 | 103.0 | 0.2 | 108.4 | 0.6 | 101.6 | 0.2

0.005 | 102.0 | 1.0 | 107.9 | 2.0 | 107.5 | 1.7 | 92.2 3.1 98.7 | 0.4

Pirimiphos—-ethyl 0.05 | 106.1 | 0.2 | 96.0 | 0.2 | 109.4 | 0.3 | 103.1 | 2.6 98.8 | 0.6
0.25 | 102.7 | 0.3 | 96.3 | 0.2 ] 103.5 | 0.3 | 107.9 | 0.6 99.7 | 0.2

0.005 | 101.9 | 2.0 | 103.2 | 1.6 | 102.2 | 0.7 | 95.9 2.9 96.9 | 1.5

Isofenphos 0.05 | 1049 | 0.6 | 95.2 | 0.5 | 1074 | 0.5 | 102.7 | 3.0 98.0 | 0.2
0.25 | 1023 | 0.2 | 96.0 | 0.1 | 102.8 | 0.6 | 106.2 | 0.5 | 101.1 | 0.2

0.006 | 879 | 3.9 | 109.7 | 1.6 | 108.5 | 1.3 | 86.2 2.4 95.7 | 1.4

Tribufos 0.06 | 105.6 | 0.2 | 89.4 | 0.1 | 108.8 | 0.4 | 102.6 | 3.6 | 101.4 | 0.1

0.3 101.6 | 0.2 | 92.8 | 0.2 | 99.8 | 7.9 | 105.1 | 0.5 93.9 | 04
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0.01 92.0 | 1.3 | 95.6 | 1.7 | 94.6 1.2 | 91.3 | 26| 96.1 | 1.5

Tetrachlorvinphos 0.1 103.7 1 0.5 90.0 | 0.2 974 0.6 99.5 [ 3.0 98.7 | 0.3
0.5 99.7 | 0.7 76.9 | 04| 87.7 | 142 | 846 | 05| 98.0 | 0.3

0.007 | 115.4 | 6.2 | 1146 | 2.1 | 113.8 | 1.6 | 91.3 | 2.6 | 118.0 | 5.6

Carbophenothion 0.07 | 109.4 | 0.3 | 92.5 | 0.2 | 109.8 | 0.4 | 114.8 | 1.8 | 109.9 | 0.3
0.35 | 104.2 | 0.1 | 94.5 | 0.1 | 108.6 | 14.4 | 107.3 | 0.5 | 99.9 | 0.3

0.007 | 93.5 | 4.0| 101.1 | 41| 99.0 | 3.3 | 94.7 | 3.3 | 107.5 | 8.5

Edifenphos 0.07 | 101.9 | 1.7 | 924 | 0.3 | 104.3 | 1.8 | 100.1 | 6.2 | 105.2 | 0.4
0.35 976 | 1.3 | 84.3 | 0.8 101.7 | 0.5 | 94.2 | 0.6 | 100.7 | 0.4

0.01 95.2 [ 20| 959 | 41| 95.6 3.7 | 96.6 | 27| 97.0 | 5.5

Azinphos—-ethyl 0.1 104.6 | 0.3 | 929 [ 0.2 | 94.6 0.8 | 104.5 | 2.7 | 102.2 | 0.4
0.5 99.5 | 0.2 | 856 | 0.2 | 91.7 0.7 | 96.2 | 0.5] 101.6 | 0.4
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Table 5. Experimental results of interlaboratory cross—examination
of 14 nonpolar organophosphorus pesticides in several food matrices
such as hulled rice, madrine, green pepper, potaot and soybean

Fortifica)  Hulled rice Nasdarin [ileet) pepper Tatata Sohean
Compond Lo
(ug/ke) [LABI® AR | OV |LABD|LABZ | CV (LABD |LBZ| O | D430 |LABZ | (9 |L4BD|LB2| (3

0.004 | %.2 1153 135|566 117.2) 136 90,0 |117.2) 13.3 | 9.9 | 108.3) 6.6 | %.6 (116.5 139
himhossthyl | 004 (I04.6(106.2) 7.4 1045\ 106.1) 7.4 [102.2)116.9) 9.5 | 92,9 1057|195 | 4.5 |116.7] 14.8
0.2 |95 (146 10.0 | 56,2 | 112.9) 113 | 100.6{100.8) 0.6 | 855|923 | 5.3 |9.7|113.5) 15.2
00032 |15, 4\110.5) 3.1 | 100608 7) &5 [ LSO 0.2 (1138 786|259 | 1361047 5.9
Cathophemothion | 0,02 |109.4] 83,6 | 18.9 |114.8)91.5 | 16.0]109.9) 92,5 | 12,2 |109.8) 94.4 [ 10.7{109.8) 9.0 11.7
006 (104,277 28,3 (1073 T8.8 | 21.7 56,5 | 14,5 | 18.2 |106.6) 70.8 | 29.8 | 106.6| 89.2 | 1T,
0.0028 |105.6)105,1f 4.1 |103.6)116.8) &3 |105.4|106.7) 7.2 |112.3/107.2| 3.3 | 1151104 0.7
(Worthawtos | 008 (10701 %.3| 7.5 (102.7)105.9) 2.2 \ 907 (1045 4.8 |95.6|92.1) 2.6 \10B.7|104.8) 2.6
014 |103.9)%.6] T4 (S6.0(80.6) 01 (%05 | %.0) L1 (90.5)95.5) 3.8 (1011|905 2.6
0.002 |100.3|112.5) 8.4 |%.7(108.8) 8.3 | 88,7 [111.7) 16.2 |100,00108.3) 4.9 (100.0\106.6] 4.5

(yanophos | 002|104 1{100.8) L6 |I00L0(1I0.1) 6.1 | 98,5 (110.1) 7.9 | %9.6 | 104.3) 6.2 [106.7|110.0) 2.2
00 {1009(848) 4.4 |104.9/99.6| 37|96 908 ) 42 |9.2\846| L1 |1091028 1.3
00028 | 8.3 (11750161 84T 107.5) 1.2 1075 (115,00 4.8 (100, 1\ 104.2| 2,1 | 99,0 |116.0) 11.2
Bifenghos | 0.028 |101.9)118.2( 105 100.1] 116,01 10.4 | 105.2{ 120,01 3.2 | 82.4 | 113.0{ 14.2 | 104.3|116.8] 8.0

014 (96 1020 8.8 [9.201027) 6.1 00,7 88,1 9.4 84,399 6.9 |101.7|112.3 7.0
0.002 | 1065|1112 3.1 |100.2(104.5) 3.0 10051081 L. |106.8/%.8 | 7.7 {104.8|104.1] 0.5
Bhoproghos | 0002 (104.9)%0.2 | 6.9 10041048} 3.1 | 907 |27 100|907 9.7 | L |106.7)103.5) 2.2
00 (02.1) 807 7.6 (101G 90,01 3.3 |99.9 |94 40|55 %8| 10|26 %7 22
0002 | %6795 L3 10641077 0.5 | 107.8(114.8) 4.4 1095547 | 0.2/ 107.0(105.4] 1.1
Isazofos | 002|102 9.5 | 5.3 (1046|1112 4.2 | 1006|1007 6.6 | 9981027 2.0 | 12001085 2.2
00 1034|5541 7.2 |I000098.00 6.2 |020(936) 61 |57.3 924|347 | 401020 1.4
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Table 6. Results of the monitoring on inspection of pesticide residues

from 2012 to 2016 (MFDS)'?

Residues ratio Residues ratio
Year
belowaratMRL{%6) aboveMRL(%)
2012 21.8 03
2013 29.7 09
2014 294 06
2015 43.5 0.48
2016 175 00

*MRL(maximum residue limits)

34




W= Grouping dFal IHFHEE A
22 4A 2 /B ggel dFkel AARANEG FHFEE 1 )

pgerie AHe BAWe A5t Aol g5

Mo
1x
=
0>"

meb B AFlAs Baluh Fo shpel sladmebE1ew el
ol-ZA 4 ZAZ=7](NPD : Nitrogen—Phosphorus Detector)E ©]-&3}4
=9 - 3ty SA ARl wmE diddEs Estel  HI=A
7194 B¢ 16 F (A=A  azinphos-—ethyl, carbophenothion,
chlorethoxyfos, cyanophos, ethoprophos, fensulfothion, isazofos,
isofenphos, pirimiphos—ethyl, propetamphos, sulfotep,
tetrachlorvinphos % tribufos, 2+ A% edifenphos % tolclofos-

methyl, Z8]32 A|ZA|¢] bensulide)o] twH3 SATAEAE AIHS

Fyste] wAe AYS Fustgu @R AFFA TP E:
Frbeofol st AW BADEOl distel mrh wAR B4 %S
g8t BAHA 1S B AAHE S BAFE] P 2

AdE Agl 3

35



Agwel B 4%

o|N
tlo
{0
%
2
(@)
o\
fllo
=
ox
o
fru
fob
k)
i,
>,
o
rE
rlo

A A A A L3 (Codex) Al 7hel=gkelel wet dv|, a5, &
RN ’ J_‘—l_" ’

et Al 4

i)
o
=
[-'U
N
ok
i
=18
i
e
llo
-
30,
2
i

1 2 23 o
242442 0.9992 oo 2 CODEX oA 273ts R* 9 #291(=0.98)

) _
oo vehdth RES HA5] A HFE AFeNAE 749

A

11 . BOE E = 1 ; LOD S Iatlo ; Oy

AFHALOQE S/N ratio 10 o= 7l o® SAsqon, 1 43
O — [e] PN — y E’_——’

JIN‘

LOD + ~
OD & 0.001 ~ 0.003(mg/kg), LOQ &= 0.003 ~ 0.01(mg/kg)°] =
B4 k=3 3 5

Aok gHE APEHE B3 A= 7 AGAA A" 8 FE

fe) I
56 9] sEs WEoeR RUHPES AAR Ay BEE ARddA

7

R T AEo|opE
T 20199%  AFJ RIS AT LN (191612} 91 A019)

FaERem, oo A=Yt

36



V. 33183

[1] Kim JY, Jung YM, Oh HS, Kang ST. 2015. Monitoring and risk
assessment of pesticide residues in commercial environment—friendly
agricultural products distributed using LC-MS/MS in Seoul

metropolitan area. Korean J Food Sci Tech 47(3) 306~320.

[2] Kim NH. 2014. Monitoring of pesticide residues and risk
assessment on agricultural products marketed in the Northern Area

of Seoul in 2013. J Food Hygiene and Safety 29(3) 170~180.

[4] Kang NS et al. 2015. Monitoring and exposure assessment of
pesticide residues in domestic agricultural products. Korean J of

Pesticide Science 19(1) 32~40.

37



[5] Kim SH, Choe WJ, Baik YK, Kim WS. 2008. Monitoring of
pesticide residues and risk assessment of agricultural products
consumed in South Korea. J Korean Soc Food Sci Nutr 37(11)

1515~1522.

[6] Kim JY. 2015. Monitoring and safety assessment of pesticide
residues in environment-friendly agricultural products distributed in
Seoul metropolitan area using LC-MS/MS. Seoul National University

of Science and Technology.

[8] Lee YD. 2013. Establishment of official analytical system for

pesticide residues in foods. NIFDS. 966-1094.

38



[10] Ministry of Food and Drug Safety. 2012 to 2016. Residual

pesticide monitoring report.

39



	Ⅰ. 서론
	Ⅱ. 재료 및 방법
	1. 실험재료
	2. 실험방법
	2-1. 표준품 및 시약
	2-2. 표준용액 조제

	3. 잔류농약 분석방법
	3-1. 추출 및 농축
	3-2. 정제
	3-3. 기기분석 조건


	Ⅲ. 결과 및 고찰
	1. 분석법 검증
	1-1. 직선성
	1-2. 검출한계 및 정량한계
	1-3. 정확성

	2. 모니터링

	Ⅳ. 요약
	감사의 글
	Ⅴ. 참고문헌


<startpage>11
Ⅰ. 서론 1
Ⅱ. 재료 및 방법 6
 1. 실험재료 6
 2. 실험방법 6
  2-1. 표준품 및 시약 6
  2-2. 표준용액 조제 7
 3. 잔류농약 분석방법 11
  3-1. 추출 및 농축 11
  3-2. 정제 12
  3-3. 기기분석 조건 14
Ⅲ. 결과 및 고찰 16
 1. 분석법 검증 16
  1-1. 직선성 16
  1-2. 검출한계 및 정량한계 21
  1-3. 정확성 21
 2. 모니터링 30
Ⅳ. 요약 35
감사의 글 36
Ⅴ. 참고문헌 37
</body>

