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Research for the Analytical Method of Various Pesticides in
Raw Milk by Gas Chromatography—Mass Spectrometry

N. S. Oh*, Y. K. Shin, and S. C. Baick
Ingtitute of Dairy Food Research, Seoul Dairy Cooperative, Ansan 425-838, Korea

Abstract

The aim of this study was to optimize asimple, fast, and economica analysis procedure for the determination of 16 different
pesticidesin raw milk viaGC/M SD. Analyseswere performed viagas chromatography with el ectron impact mass spectrometric
detection in the selected ion monitoring mode (GC/MSD-SIM) using Pentachloronitrobenzene as the internal standard. The
modified sample preparation methodology was based on the Pesticide Analytical Manua (PAM) of the FDA concerning fat
extraction, ACN-ether partitioning, and clean-up of the Sep-Pak florisil cartridge. The modified methodology for the determina-
tion of the 16 pesticideswas validated. The range of LOQs of the 16 pesticides was likely threetimes|ower than their Maximum
Residence Levels (MRLS). The recoveries of most of the pesticides were acceptable at the fortification levels of 0.5 and 1.0 ug/
mL and their RSD (%) level was |ess than 20%. None of the 16 pesticides were detected in the selected raw milk samples.

Key words: pesticides, raw milk, gas chromatography/mass spectrometric detection-selected ion monitoring, limit of quan-
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AA4A F2F(organochlorine pesticides)e] 52 A}
Sk, B3] EETNE 7155 A%
23] DDT, endosulfan, lindane 53 22 #7149
EFE0] Bol AREHAL ltH(Fytianos et al., 1985,
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ok AUeA ol
&= -fu HEQ}
tH(Bentabol and Jodral,
1995; Willes, 1993). @717k FAAEAHL
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gatal glor, FuldlAT 2FLAH Al 7= 34859
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ATHWHOIFAO, 2006). S4HE F 52Fe] TR AR
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staA sxfdos ~3eEY & § v 165 I 5
o] BAEA 1S A 138 sep-pak cartridgeS
AREEeZH A Tl AT B RS Hdlg 9=
AA ZHF BEAH 02 AR ¢ e AAE HEE
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HAglsto] dfroll et 7 Al Akl 1 29
Bz shgld.
Mz o Yy

NE % Aot

Aol AMES Afre AUAY 4329 Bl FF
o} ARgEIAT} 1629 /M AFES £S5 90% o4t
o] ¥4 ¥FFS Dr. Eherenstofer GmbH(Augsburg,
Germany)oll A 438t ARE-sF oM, WHF-EFEAL
pentachloronitrobenzene(PCNB)+= Chem sErvice Inc.(USA)
X Al AR-SFATE 1 ofell Al 2 B E4ol
AHE Aok W ARG SFAIkS AMESIIt

=2 X
thA E&S ddrin, p,p-DDT(dichloro-diphenyl-
trichloroethane), o,p'-DDT, p,p-DDE(dichloro-diphenyl-di-
chloroethylene), a-endosulfan, -endosulfan, endosulfn sulfate,
dieldrin, hepachor-epoide, chlordane, diazinon, bifenthrin,
methoprene, cyfluthrin, cypermethrin, fenvaerate?] 165 =
efo g stk (Table 1).
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Table 1. Retention times (tg), relative retention times (tzz) and
selected ions of the studied pesticides

Pesticides te (MiN)  tg (MiN) m/zY

1 PCNB? 134 1.0 237,249

2 Diazinon 141 11 179, 274,100
3Aldrin 175 13 263, 66, 265
4 Heptachlor epoxide 189 14 353, 355, 351
5 Chlordane 19.7 15 373, 375, 377
6 Methoprene 19.7 15 73, 111, 109
7 a-endosulfan 20.3 15 241, 195, 239
8 p,p-DDE 21.1 16 264, 318, 316
9 Dieldrin 21.2 16 79, 263,81
10 B-endosulfan 224 17 195, 237,241
11 0,p-DDT 22.8 17 235,237, 165
12 Endosulfan sulfate 238 18 272, 274, 387
13 p,p-DDT 24.0 18 235, 237, 265
14 Bifenthrin 259 19 181, 166, 165
15 Cyfluthrin 31.0 22 163, 206, 165
16 Cypermethrin 32.3 24 163, 181, 165
17 Fenvalerate 35.1 26 125,167,181

DTarget ions are underlined
Anternal standard
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3| A7 5=7]= EYELA(Tokyo Rikakikai Co. Ltd.,
Japan)S AME5hal AAwE7]= TurboVap(Zymark, USA)
= AReF e, 13]8 Sep-Pak Florisil Cartridge(10 g,
35cc, Waters, USAy= Vacuum Manifold Assembly(Agilent,
USA)l 33kl ALg3isict.

=41717]

4 tidseks A4 5 AREAs] flske] 7890A
Gas Chromatographell 5975C Mass Spectrometry(Agilent,
Santa Clara, USA)E 42ek GC/IMSDE AH&-3F3itt.

=S 20% acetone/n-hexaneol] =< 1000
ug/mL 79| stock solution- Z=A3H3ATH. 5000 pg/mL 2]
AR ] W EFEZ (PCNBY 53 sk &
2 AHgstel SNsIgon], B EE A AR 47
SY3HA Sug/mLe] H7FHEE ZASATE T EF
HAL 10pugmL o2 ZABIAAL, A= A8
A3 3 FF 8L 20% acetone/n-hexanedl] 3]413}H]
0.05ug/mL, 0.1ug/mL, 05ug/mL, 1ug/ml, 2pg/mL=E
ZAIst] B4 A7HA] -4°Coll A Bttt

i
i

Y,

AAE oF 50ge AWE AT, Ao 22
FDA PAM(MacMahon et al., 1996)2] S=Z1P o) wla}
5.

4 o

A
FZH AS oF 129 AFsl WHEEFES 05mL
< H7¥IAE o)1= petroleum ether 15 MLE ¥ 250 mL
BAATZ £7)31, petroleum ether2 X3}A|7] acetonitrile
(ACN}%-@,] 0 mMLE Yol 187 Mg =319 2ag
ACN Z& Z52= 200mL 2 NaCl Z3}-8e 40mLe ¥
£ 500 mL EHefFol] ThA] &ZTh 250mL Hf oo
Fol9lE petroleum ether 58 e wpgo 2 33 F
£3l9 ACN < 500mL FHoFo] =5 g;d &
petroleum ether 100 mLS 231, 187F A& F
WAt FHE 73S & N
7]a. ©hA] petroleum ether 100 LS go] 187t
% 229 petroleum ether =& 3 WA 500 mL 2oY
ol 36}9&!‘/} Petroleum gher =& =55 100mLE 2
3] & T Na,SO5 THAIA E5A1712L, o] o
=2 Wd%} s 1(40°c, F8z)2 A3l o 1mL7}
=
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Sep-Pak Florisil CartridgeE- petroleum ether 20 mL2Z &+
Jelst 3 ARESIITE. E2d8IA1Z] Sep-Pak Florisil Cartridge
ol AFLHE 715 § 6% diethyl ether/petroleum ether,
15% diethyl ether/petroleum ether, 50% diethyl ether/
petroleum etherS Z}2} 100 mL, 50 mL, 100 mL¥ =} =
SEAAT. §EHL FEXAC)A AR T
3t & ZXE 20% acetone/n-hexane® 2 Eojx] S 5
mLE 3}, ©]= 0.45um membrane filterS E3A|AH GC/
MSDE Al@&H oz ARSI

717124

T B4 3% coumn J&W Scientific(Folsom,
USA)ellA 48k DB5-ms(30 m x 0.25 mm x 0.25 um film
thickness)= AFE-3}1t}. Carrier gas= heliume ARE-S13
a1, UL 1l (split ratio 10:1), column flow rate= 0.9
mL/min, FYH &= 260°CE AU Q8 2=
Z7|% 80°CollA] 2% 30x7t frAlskal 140°C7HA] &%
50°CY] £&2 523k ¥, 260°C7HA] £ 5°CE 523}
o] 1587 T2A7e 210E A3t MSD= ionizing
energy 70 eVe] eectron impact ionization mode(El-mode)
£ ARE3FR AL, source(Quad) 2 transfer lined] &=+ Zt
7} 150°C, 280°CE 3}It}. Full Scan-mode(50-350 miz)=
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Fig. 1. GC/MS-SIM chromatogram of 16 pesticide standard solution containing 0.5 ug/mL. See Table 1 for peak identification (A)

SIM program group 1, (B) SIM program group 2.

Table 2. SIM program used to analyze 16 pesticides

Group Time (min) Pesticides m/z
3.00 PCNB?Y 237, 249
13.80 Diazinon, adrin 179, 274, 100, 263, 66, 265
1 18.20 Heptachlor-epoxide 353, 355, 351
19.30 Chlordane, oi-endosulfan 373, 375, 377, 241, 195, 239
20.85 Diéldrin, o,p'-DDT, p,p-DDT 79, 263, 81, 235, 237, 165
29.00 Cyfluthrin 163, 206, 165
3.00 PCNB? 237,249
18.00 Methoprene 73,111, 109
° 20.35 p,p-DDE, B-endosulfan 264, 318, 316, 195, 237, 241
23.10 Endosulfan sulfate 272, 274, 387
25.10 Bifenthrin, cypermethrin 181, 166, 165, 163
33.00 Fenvalerate 125, 167, 181

9 Internal standard
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= 260°CE A3} tHCampoy et al., 2001). 4 = A
FEAE 8l ARE 1689 FoF AEES Full Scan-
mode(50-350 m/z)E E-4331e] Aozl RT 2 relative retem-
tion timeg(RRT)= Table 13} 2t} AHaitade Mol 7
A (selected ion monitoring, SIM)S- Al8-3Fe] B8
o, SIM-mode2] AFE-S- 13k BAZALS F groupl =z
ol AAsltk(Table 2). A=A S 93 FFE
e 2 AFeA ABE ddEEY R7IE HE
3t 0.05-2ug/mL F=HA =74, A5 2
PAG r2S 0.9984-0.9997F 4] HREA =3)o]] FHE
oIt FEAS T3t A e AR EFE
548 Frlete] s A Ho R FAFEAS AFe
A AZE HEIA 2 A= Table 39 ). 4
FAAHLY T sk FR7IEH vlaste] 3 o
g A AR TS Eollen, GCIMSDE At
23 Waliaszewski®} Waliaszewski(1997)2] A+ Zxlo}
Hlwsle] AEIAIE oF 10T 58 FFo|oeH,
Consuelo 5(2008)8] AF-ZAztH = 108 o] @&
9] AEAE AP =AU
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B|lTEAH
AR EFEES Alste] 38 WEAAS S}

33]

e 49} &t} 0.5ug/mL A
ZEx] 165 i okl tigh Basl&2 91.3%
(62.2-124.4%) 0. 2 FEREO ™ RSDE 7.3%(1.5-16.9%).
2 SRIFH. 1.0pgmL 2l s=e] H3TE-2 96.0%
(70.3-118.0%)%31.2.7, RSD+= 5.3%(1.2-9.6%)% }E}%T).
UukE © & European Union(2007) 52| guidancedl A= Z*

Table3. Limit of detection (LOD), limit of quantification
(LOQ) and maximum residue level (MRL) of

pesticides
- LOD LOQ MRL
Pesticides (Wgml)  (gml)  (agimi)

Diazinon 0.01 0.03 0.5
Aldrin 0.01 0.04 0.15
Heptachlor epoxide 0.01 0.03 0.15
Chlordane 0.01 0.02 0.25
Methoprene 0.01 0.03 125
o-endosulfan 0.01 0.04 0.1
p,p-DDE 0.01 0.02 0.5
Didldrin 0.01 0.04 0.15
B-endosulfan 0.01 0.04 0.1
o,p-DDT 0.01 0.03 0.5
Endosulfan sulfate 0.01 0.03 0.1
p,p-DDT 0.01 0.04 0.5
Bifenthrin 0.04 0.1 0.25
Fenpropathrin 0.01 0.03 25
Cyfluthrin 0.04 0.1 0.25

Fenvalerate 0.01 0.03 25

Table 4. Average % recoveries and %

RSD of pesticides in

raw milk
Spiked 0.5 ug/mL Spiked 1.0 ug/mL
Pesticides Recovery RSD Recovery ~ RSD
(%)" (%)? (%)" (%)?
Diazinon 889+ 59 6.6 943+ 81 86
Aldrin 1100+ 47 43 1045+ 35 34
Zpegziagg'or 97.0+164 169 943+ 21 23
Chlordane 101.5+126 125 95+ 84 85
Methoprene 100.7+ 34 34 1110+ 80 13
o-endosulfan 1022+ 94 92 1060+ 14 13
p,p-DDE 852+ 56 6.6 850+ 30 35
Dieldrin 622+ 2.2 3.6 703+ 49 7.0
B-endosulfan 859+ 13 15 860+ 10 12
o,p-DDT 852+ 56 6.6 800+ 63 70
Endosulfan sulfate 70.1+ 1.6 22 857+ 35 41
p,p-DDT 696+ 93 133 793+ 61 7.7
Bifenthrin 96.3+ 78 81 1070+ 56 52
Cyfluthrin 822+ 80 97 883+ 67 75
Cypermethrin 1185+ 5.1 43 1173+ 74 63
Fenvaerate 1244+ 9.7 78 1180+ 114 96

DValues are MeanS.D., n=3
2 Relative standard deviation
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B AP GCIMSDE AFE3H UfollMe] 165 7
5ok FAREAS 9% HFsE GCMSDY +4 %
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