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Analysis of Pesticide Residues in Cereal Grains and Pulses Thoranit Chaimongkol and Weerawut Wittayanan
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% (Oryza sativa L.) {dunildlusyfiaiinhesmilwessznnslanuslnadluamsnan®
fadluamalszimnalnswsziuuvdsnsansiadn Tdud wdsnu dniiu wezudsng uidanmailaa
Fzuandsiulinuidiiouazdunadenlasauiionzuilaatisenhdeusuum @ udfimsmansaih
Tt w.ai. 2567 sammauslnainmdsnasaulneasgeis 147.2 Alansudanudatl® vananisndaududi
fifigaememadmgsiigalulan® Teglnailuddeandnnalwgiige Tuil w.e. 2562 Tnadeaandnuzna
oy 4.6 Sudu Syamnh 1.3 waudum® nndanmauilnainiguasisaulnsuaslssnnslan
WINNATNHANANITAHANTENUGDFUMN

msinzgniyiisuazdudauislutlagtiuiiufanssudegaamvnssuuasmswdins ey
mainUSnamendededimshasedimmainses wu o uesmaeiilasiuniadasimnld” maed
wanilaninsominfeisuasusasdasialdd usmmnsoandslusandouazdaunadanldiauiu msldsududa
msislasmauilnalosasdahianudeg AMIMUUAANINATTIUTINUATNYIN AR (Maximum
Residue Limit; MRL) wssmiayafaanns w.e. 2522 wazldiumsuiuusdiiiuiagtiuanadadadios
Togszmansens sy @afl 387 w.a. 2560 (389 1MIATANTABANEN® AMviuad MRLs 29463
waneziialTlugnans ndan wosdwdowis uananiilssnagmiladazaslng wu ansgoudn aumw
glal wosnguiszmandeu ldmwuasanaspiueeg Bidedumsduasasqumwguslnadamauail
NIRRT ANt niiianugndeuazasauaquI UMMM mNn gV
iemaihssienudasadsnnananiillasiumiadagisandddusmnsinmbelulsamauazdaiiums
dussugamnaudinsasiiamsdeeanlilimsnannmaassgaalundaniu

mennsimaaiillasiuniadasizandsluamaiiuidenn Sduaauiudou Tdnaun bud
Foddaduauhesiansiieneildnn detector #iin ECD, FPD uaz NPD gfiasisvidasiianaing
wazdiuszaumsalga tagtiufinswannmsiniendmeaenaliie azain 52105731 19U 53 QUEChERS (Quick,
Easy, Cheap, Effective, Rugged, and Safe)® Lﬁa‘l"fﬁﬂuﬁ%mmgﬂuimzé’ummmﬁ 279 AOAC 2007.01”
uaz EN 1566270 Faiihidsildfusshaunsnmaluias fiiimsinnsionnsussandnualaifidenudugs
warlasfuen®® imsdaulasiulpisasduillildldruamsiilafuhunanuasge Wy thunnniisuas
o 14 uazmmnsfiienudusiuilniluasdssnaundn wu Mndiad ™ dudu Fuflumssuizae
maduamwiaseliivinamuduiinzantaumsadaudiensidaeiasdiaiiianylwezany
ﬁi'lLW‘l::gﬁ (% gas way liquid chromatograph-mass spectrometer/mass spectrometer (GC and
LC-MS/MS) fluau gimsdseavdamassumuluamsnddnvaesiia wiu Sty (cereal grains) uay
Fudauia (pulse) nnfludasminmssumuldadivszansmnnaumsieszd dedamidelums
anviafisrauanuEntuminnluszéu ppm waz pph™®

Soqusrandaasnideil dalelildiziwdendatsduiumsiensimaaitlasiumiadagin
Tuanmsnguiniizuazngummdawiidmiuldluiaslfiamsenaseuanulasadsresarms dwmsu
msduasesguilnataiumsfandnuesnsuinnmaasmsunnd diinquanuazanulanaioamns
Sedniiiumsfnmn wann Uiulsasiensimseiiliosiumdadagisandsinu 122 e idgaautian
wiiivannvmendouiudeiaios GC-MS/MS fiviasufiamsldaglushageinualiaauasldiumsiuses
auszULAUMN ISO/IEC 17025: 2017 tilauensrauieniafeiilagldiaidmnuazaumdouadowia
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AnanyasUazsEdN5NNWI5 QUEChERS i WhABanassunuis FaPEx® (Fast Pesticides Extraction)”
Fuihiswdendemauulmifihasidnsmuwlumsaasaunmmaiensild nnlufidadenisimansay
ihlunageuanul#lduaidiened 35ildasgninluldlumsanaiensianulasasisnasdniisuas
Mudauis asdamumsandeaasingauanemamainyasiveynlimnuaaumsaieaNuTULTIzDe
Uy ihandszifivanudasaseaasguilnauazanmnsaih lWldhniuanaiwnsindanaeismsuativayu
msdeanzastszng uannnilssldienanasdanuiuazisludaianlfidnmaedahensinanmanims
wwnd Favhlassmssauiisunasznieviasdfidns (Inter laboratory comparison, ILC) Thuiszana
w.A. 2563 iiomMsNanNAnamwmMIanIienzinasguiinanmanimauwnglugiimadnde

d13LANUaZEIININIFIU

d151Adl: acetonitrile, HPLC (Merck an33a143n) acetone, AR (RCI Labscan av3gatnan)
n-hexane, PG (Burdick & Jackson 8%338L45M) ethyl acetate, HPLC (Burdick & Jackson LKA L6)
QuEChERS Extraction Packets, EN Method Part No: 5982-7650 (Huaunanuas MgSO4 4 N34 NaCl
1 N34 sodium citrate dehydrate 1 N33 uaz disodium hydrogen citrate sesquihydrate 0.5 N34 (Agilent
Technologies aw%’gam'%m) ‘1}"1 reverse osmosis (RO), D-sorbitol, AR >98% glacial acetic acid (Merck
KGaA ga5uil) uaz SiliaFast FaPEx Cereals Part No: FPX-CER-50 (SILICYCLE Inc. taien)

@993 (Standards): N30 3808 19895U589 (Certified reference material, CRM) (ilu
ssazaranaNwasseiilasiumiadasity 122 ¥l Tenuddusedeiusaalszanm 1003 lulasndy
#afiadans 8o CPAChem (C.P.A. Chem Ltd. tl5aeid)

MSLASENEITATABNINTFIU: LessNEITaraeNauaNNENTY 10 lulasnsudaliaddns voq
asunasgIu 122 #1ia Tu acetone Taallilaa 58830 ITIUNENULADLAINTUIU 6 210 Uszana 1 Taddns
avlu volumetric flask 2110 10 findans UsuSinasdedhazas Rusnmilgamgiionnh - 18 C wiew
intermediate solution NauMsldNu anuniu 1 lulasnsuaaiiadans Usuas 1 Tadans Usulsunas
Fradsananlaanniiage was working solution F39ANNENEY 0.005, 0.01, 0.02, 0.05, 0.1, 0.25 UAZ 0.5
lulasnsudaiiadans inasazare D-sorbitol 3% (analytical protectant) Usana 3 lulasans laiasew
yiudt vieaansaifudnuniiaamgiionni -1s 'C dlaidu 1 e

m‘%‘mﬁauazqﬂnstﬁ

1A309HIANINAZLEEA 0.001 3N dwfuFdiad1e ta3asuailu mill machine POWEQ fu
HM100 Lﬂémﬂumﬂmnau (centrifuge) s;u HERMLE Z366 Lﬂémizmﬂmiasmmmu heating box tag
THudalulasaulumsssmeasada REACTI-THERM III #TS-18824 Thermo scientific iA3pswautiu
NaNE5azane Vortex-2Genie micropipette 2110 2-20 lalasans 21a 20-200 Wlasans wazaune
100-1,000 lulA58AS amber vial 2110 4 §adans centrifuge tube 2WA 50 NPAANT WAL 15 NAAINT
Guzufsaamgiionnd -18 °C certified volumetric flask naumsldnuaiasutmnaiialdredas acetone
2 @31 uaz n-hexane 2 33 udisIFuTIRBINTF N

1A399 GC-MS/MS: Agilent Technology 7890B, TQ7000C Triple Quadrupole MS/MS
Togld analytical column: DB-5MS (30 m, 0.25 mm id, 0.25 um film thickness) ﬁamazmémé’qﬁ
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Analysis of Pesticide Residues in Cereal Grains and Pulses Thoranit Chaimongkol and Weerawut Wittayanan

&1 injector dlu ALS, pulsed splitless mode, initial temperature 80°C hold 0.1 min, 300°C to 300°C
cryogenic temperature 50'C # injection volume Wl 4 Tulasaas oven temperature program tlu initial
70°C hold 1 min, rate 50'C/min to 150 C, rate 6 C/min to 200'C, rate 16 C/min to 280°C hold 8.5 min,
rate 50 C/min to final 300°C hold 0.5 min w8 post-run at 70°'C TFnmlumsiwnzviuszanm 30 ¥
1% ion source temperature 280°C 1% quadrupole temperature MS1 waz MS2 Wy 180°C 14 mode

constant pressure 7 15.8 psi uazyn RT locked &5 chlorpyrifos # 12.0 +0.1 W% &saulaliang

L. e

1A399 GC-MS/MS azgminlviuanduiludszqlaelduna He 1y quench gas uaz N 1l collision gas 1
1 §1988056017 WAzgNATIIAGIE multiple reaction monitoring, MRM mode #aya@auandlumsnm 1

®159% 1 7938 mass transition 2898156149 9 Tuia3as GC/MS/MS

Transition 1 Transition 2
Pesticides (II:;II‘I) Quantifier Dwell CE Qualifier Dwell CE
(m/z) time (ms) (eV) (m/z) time (ms) (eV)
DDD-p,p’ 14.75 234.9>199.1 10 15 234.9>165.1 10 20
DDE-p,p’ 14.03 246.1>176.2 10 15 315.8>246.0 10 15
DDT-p,p’ 15.34 234.9>165.1 10 20 234.9>199.1 10 15
acephate 5.09 136.0>94.0 10 10 142.0>96.0 10 5
alachlor 10.92 160.0>132.1 10 10 188.1>132.1 10 15
aldrin 12.01 254.9>220.0 10 20 262.9>190.9 10 35
ametryn 11.19 185.0>170.0 10 5 227.0>170.1 10 10
atrazine 8.85 214.9>58.1 10 10 200.0>122.1 10 5
azinphos-ethyl 17.24 160.0>77.1 10 20 132.0>77.1 10 15
azinphos-methyl 16.68 160.0>132.1 10 4 132.0>77.1 10 15
bendiocarb 7.76 126.0>108.0 10 5 126.0>52.1 10 15
BHC-alpha 8.20 218.9>183.0 10 5 180.9>145.0 10 15
BHC-beta 8.89 218.9>183.1 10 5 216.9>181.1 10 5
BHC-delta 9.91 217.0>181.1 10 5 219.0>183.1 10 5
BHC-gamma 9.07 218.9>183.1 10 5 216.9>181.0 10 5
bifenazate 16.14 199.0>184.2 20 10 184.0>156.2 20 10
bifenthrin 16.02 166.2>165.2 10 20 181.2>165.2 10 25
bromacil 11.72 207.0>190.0 30 15 205.0>162.0 30 15
bromophos-ethyl 13.34 302.8>284.7 10 15 358.7>302.8 10 15
bromopropylate 16.09 338.8>182.9 10 20 341.0>185.0 10 20
buprofezine 14.17 305.0>172.0 10 5 105.0>104.1 10 10
butachlor 13.53 160.1>132.1 10 10 176.1>147.1 10 10
cadusafos 7.95 158.8>131.0 10 5 158.8>97.0 10 15
carboxin 14.21 234.9>143.0 10 10 234.9>87.0 10 20
chlordane-alpha 13.62 372.9>265.9 10 20 271.9>236.9 10 15
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M1599 1 7938 mass transition 289136149 9 Tua3as GC/MS/MS (6ia)

Transition 1 Transition 2
Pesticides (;{i:) Quantifier Dwell CE Qualifier Dwell CE
(m/z) time (ms) (eV) (m/z) time (ms) (eV)
chlordane-oxy 12.89 114.9>87.0 10 15 114.9>51.1 10 25
chlordane-gamma 13.38 372.8>265.8 10 15 374.8>265.8 10 15
chlorfenapyr 14.32 246.9>227.0 10 15 136.9>102.0 10 15
chlorfenvinphos 12.96 266.9>159.1 10 15 268.9>161.0 10 15
chlorobenzilate 14.61 251.1>139.1 10 15 139.1>75.1 10 30
chloroneb 5.82 208.0>193.1 10 10 191.0>113.0 10 15
chlorothalonil 9.51 263.8>168.0 10 25 265.8>231.0 10 20
chlorpropham 7.59 213.0>171.0 10 5 213.0>127.0 10 5
chlorpyrifos 11.98 196.9>169.0 10 15 313.8>257.8 10 15
chlorpyrifos-methyl  10.70 285.9>92.9 10 20 124.9>47.0 10 15
cyanophos 9.21 242.9>109.0 10 10 124.9>47.0 10 15
cyfluthrin I 18.32 226.0>206.0 20 10 198.9>170.1 20 25
cyfluthrin IT 18.45 226.0>206.0 20 10 165.0>91.0 10 5
cyfluthrin IIT 18.52 226.0>206.0 20 10 162.9>91.1 20 5
cyfluthrin IV 18.58 226.0>206.0 20 10 162.9>91.1 20 5
cyhalothrin-lambda 16.86 197.0>161.0 10 10 197.0>141.0 10 10
cypermethrin I 18.717 181.0>152.0 30 20 162.9>91.1 30 5
cypermethrin II 18.91 181.0>152.0 30 20 163.0>127.0 30 5
cypermethrin III 18.99 181.0>152.0 30 20 165.0>91.0 30 10
cypermethrin IV 19.05 181.0>152.0 30 20 165.0>91.0 30 10
DCPA 12.07 300.9>223.0 10 25 331.8>300.9 10 10
DEET 6.59 119.1>91.0 10 10 119.1>65.1 10 20
deltramethrin 21.72 253.0>172.0 20 5 253.0>174.0 20 8
demeton-S-methyl 7.15 88.0>60.0 10 5 112.0>79.0 10 5
diazinon 9.38 199.1>93.0 10 15 179.0>137.0 10 20
dichlorvos 3.75 184.9>93.0 10 10 144.9>109.0 10 10
dicofol 12.35 139.0>111.0 10 10 250.0>139.0 10 8
dicrotophos 7.64 127.0>109.0 20 15 193.0>127.1 20 5
dieldrin 14.12 345.0>263.0 10 8 262.9>191.0 10 30
dimethoate 8.52 92.9>63.0 10 10 86.9>86.0 10 5
dioxathion 9.06 270.0>197.0 10 5 152.9>96.9 10 10
disulfoton 9.68 142.0>109.0 10 5 153.0>96.9 10 10
ditalimfos 13.67 148.0>130.1 10 10 130.0>102.1 10 10
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®139% 1 7938 mass transition 28398156149 9 Tua3as GC/MS/MS (6ia)

Transition 1 Transition 2
Pesticides (:1'11‘1) Quantifier Dwell CE Qualifier Dwell CE
(m/z) time (ms) (eV) (m/z) time (ms) (eV)

endosulfan-alpha 13.61 194.5>125.0 10 20 194.9>160.0 10 5
endosulfan-beta 14.68 194.9>124.9 10 25 206.9>172.0 10 15
endosulfan sulfate 15.29 387.0>289.0 10 5 273.8>236.9 10 15
endrin 14.48 316.7>280.8 10 5 262.8>193.0 10 35
EPN 16.07 157.0>110.0 10 15 169.0>141.1 10 5
ethion 14.75 230.9>129.0 10 25 230.9>175.0 10 10
ethoprophos 7.30 138.9>97.0 20 5 157.9>114.0 20 5
etrimfos 9.84 291.9>181.0 10 5 168.0>153.1 10 5
fenchlorphos 11.19 285.0>269.9 10 15 286.9>272.0 10 15
fenitrothion 11.60 277.0>260.1 10 5 125.1>47.0 10 15
fenobucarb 6.93 121.0>77.0 10 20 149.9>121.1 10 5
fenpropathrin 16.19 181.1>152.1 10 25 265.0>210.0 10 10
fenthion 12.10 278.0>109.0 10 15 124.9>79.0 10 5
fenvalerate I 20.20 167.0>125.1 10 5 181.0>152.0 10 25
fenvalerate II 20.58 167.0>125.1 10 5 125.0>89.0 10 20
fipronil 12.86 366.8>212.8 10 25 350.8>254.8 10 15
folpet 13.22 261.8>130.1 10 15 259.8>130.1 10 15
fosthiazate I 12.53 199.0>102.0 10 5 195.0>139.0 10 5
fosthiazate II 12.59 195.0>103.0 10 5 195.0>139.0 10 5
heptachlor 11.10 271.7>236.9 10 15 273.7>236.9 10 15
heptachlor epoxide 12.89 352.8>262.9 10 15 354.8>264.9 10 15
(cis)

heptachlor epoxide 12.97 216.9>181.9 10 20 262.9>193.0 10 35
(trans)

heptenophos 6.50 124.0>89.0 10 10 108.9>78.9 10 5
hexachlorobenzene 8.26 283.8>248.8 10 15 283.8>213.8 10 35
hexazinone 15.42 171.0>71.1 10 10 171.0>85.1 10 10
isofenphos 12.93 212.9>185.1 10 5 212.9>121.1 10 10
isoprocarb 6.13 121.0>103.1 10 10 121.1>77.1 10 20
isoxathion 14.39 177.1>130.0 10 10 105.0>77.1 10 15
malathion 11.86 126.9>99.0 10 5 157.8>125.0 10 5
metacrifos 5.69 208.0>180.0 10 5 208.0>93.0 10 15
metalaxyl 11.15 234.0>174.1 10 10 234.0>146.1 10 20
methamidophos 3.70 95.0>64.0 10 10 141.0>95.0 10 5
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M1599 1 7938 mass transition 289136149 9 Tua3as GC/MS/MS (6ia)

Transition 1

Transition 2

Pesticides (nI:;II‘l) Quantifier Dwell CE Qualifier Dwell CE
(m/z) time (ms) (eV) (m/z) time (ms) (eV)
methidathion 13.35 144.9>85.0 10 5 144.9>58.1 10 15
methoxychlor 16.16 227.0>169.0 10 25 227.0>141.1 10 40
metolachlor 11.92 238.0>162.2 10 10 162.2>133.2 10 15
metribuzin 10.74 198.0>82.0 10 15 198.0>55.0 10 30
mevinphos 5.01 192.0>127.0 10 10 127.0>95.0 10 15
monocrotophos 7.87 127.1>109.0 10 10 127.1>95.0 10 15
naled 7.55 184.9>109.0 10 15 144.9>109.0 10 15
omethoate 6.78 155.9>110.0 10 5 155.9>79.0 10 20
parathion 12.18 138.9>109.0 10 5 290.9>109.0 10 10
parathion-methyl 10.91 262.9>109.0 10 10 125.0>47.0 10 10
permethrin I 17.70 183.1>168.1 10 10 183.1>165.1 10 10
permethrin 11 17.84 182.9>168.1 10 10 182.9>155.1 10 10
phenthoate 13.07 274.0>121.0 10 10 274.0>125.0 10 15
phorate 8.07 121.0>65.0 10 10 231.0>129.0 10 20
phosalone 16.60 182.0>111.0 10 15 182.0>102.1 10 15
phosmet 16.04 160.0>77.1 10 20 160.0>133.1 10 10
phosphamidon 10.48 192.9>127.0 10 5 127.0>109.0 10 10
picoxystrobin 13.65 145.0>117.1 10 10 145.0>115.1 10 15
pirimiphos-ethyl 12.51 318.1>182.0 10 10 318.1>166.1 10 10
pirimiphos-methyl 11.54 232.9>151.0 10 5 232.9>125.0 10 5
profenofos 13.97 296.8>268.7 10 5 337.0>309.0 10 6
propachlor 6.97 176.1>57.1 10 5 120.0>77.1 10 20
propargite 15.57 149.9>135.1 10 5 135.0>107.1 10 10
propetamphos 9.18 138.0>110.0 10 5 138.0>64.0 10 15
prothiofos 13.89 266.9>239.0 10 5 309.0>221.0 10 25
pyrimethanil 9.51 198.0>183.1 10 15 198.0>118.1 10 25
quinalphos 13.08 146.0>118.0 10 10 157.0>129.1 10 15
quintozene 8.90 295.0>265.0 10 10 295.0>237.0 10 15
simazine 8.72 201.1>173.1 10 5 173.0>138.2 10 5
tebufenpyrad 16.27 332.9>276.0 10 5 332.9>171.0 10 20
tecnazene (TCNB) 6.79 214.9>179.0 10 10 258.9>201.0 10 10
terbacil 9.74 160.0>117.1 10 5 161.1>144.1 10 10
terbufos 9.20 230.9>175.0 10 10 152.9>97.0 10 5
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®139% 1 7938 mass transition 28398156149 9 Tua3as GC/MS/MS (6ia)

Transition 1 Transition 2
Pesticides (nI::l) Quantifier Dwell CE Qualifier Dwell CE
(m/z) time (ms) (eV) (m/z) time (ms) (eV)
tetrachlorvinphos 13.47 330.8>108.9 10 15 328.8>108.9 10 15
tetradifon 16.50 226.9>199.0 10 15 356.0>159.0 10 10
thiometon 8.38 93.0>63.0 10 5 125.0>47.0 10 15
tolclofos-methyl 10.93 265.0>250.0 10 15 265.0>93.0 10 25
tolylfluanid 12.92 136.9>91.1 10 20 237.9>137.0 10 15
triadimefon 12.25 208.0>181.1 10 5 208.0>127.0 10 15
triazophos 15.00 161.2>134.2 10 10 161.2>106.1 10 10
trifluralin 7.61 305.9>264.0 10 5 264.0>160.1 10 15

M8 UAENITLAIYNAIDE

fhatailFlumsiannuaznagauanuldlauedid laud iuszdamasundauiiuailudagals
Shudladintuseaeiasuailu Fautsdethaitadu analytical portions Inedaghesmids QUEChERS
Ywiin 2.0£0.02 31 a9y centrifuge tube 21N 50 Hadans TW3UIE FaPEx® 1hwiin 0.5+ 0.01 N3y
aslu syringe wana@nzine 10 fiadans haseidalaldihaniensiazgniusnmnluguiudsiianmgd
g -15°C

M3fiauiisulszansnmuaais QUEChERS ua:z3i5 FaPEx®

nadaulszansmway 2 35 lagmsuamsunasgIunseauanuENIu 0.05 Naansuaanlaniy
o a %’ (-7 1] v o Qdd'd o d‘ v
NUITer 8 9 (n=8) luIvE 19T AUIN mean %recovery Wae %RSD 5NN %recovery

v P o A o w 1A @ acaa a a v
waz %RSD aglunawizansui 70-120% waz <20% cuaeu NnnNdauIsnAUTzENEMNINNATD
P P v aa

wastdanStuuiaMsnagauaNnN g levadds

35 QUEChERS: 1hmaghanzaliunidiani RO Usunas 8 198803 wehuannuwaneialinehaipy
30 ¥ LGN acetonitrile YSH1a5 10 Hadans wemedinadNuss 1 119 uatdn QuEChERS extraction
kit weheadn 1 WA W lUduanaznauaIeaINGE) 4,000 58UABNTN WU 5 WT wieasanadula
v a aa 1 . a aa ° v % a v @ o
MUUY 2 Taaans Laly amber vial 2110 8 §adans W lUszmewiadsuUsinasaemmasanaNyad
n-hexane: ethyl acetate (3:1) {WJu 2 188305 tin D-sorbitol 3% U3unas 3 lulasans leanuwuzu
M98 0.2 NFNADNAFINT IATLVAEAIDN GC-MS/MS

35 FaPEx®: Maeha1miin 0.5 + 0.1 n53 L syringe nanadnindavUae 3 2100 10 198805 tHn
RO U531n95 1 195305 Uade plunger laamaaanunediu wehuannuwaINenaliaeheias 30 1 i 1%
acetic acid in acetonitrile US3935 5 §adans weale Vortex U 1 W wadih ldweaisiaIaawen

< v =1 a0 . v o ® . v [ ]

AN 100 58UABINT WU 15 W7 saUane syringe 11nuU FaPEx® cartridge na plunger Tansanamu
cartridge 895157 1 ¥eAApINN a4ly amber vial 1hansann 2 Nedans lUseweuralSulsnasme
MNara8NaNYD9 n-hexane: ethyl acetate (3: 1) tilu 1 fadans leanuuduaag 0.2 nSuGaladans
AeNeimeAIas GC-MS/MS
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a a 4

maAnzdaseiiilasnuiiedagiizanmelusyisuazonadauis 55863 lopaana  uazdsd Inentius

q

mMsnasauaNltlaraditinssy

ANNIIUNILVDIID

5@313:4191331141.7711,@1'%@ GC-MS/MS mudn=ifuuasin 3 1 1uiin Retention time (RT)
W& ion intensity ratio LEIMAFDUANNIINEYBIIFIALILAIEW method blank (reagent blank) #l#1h
RO unuéaghe uaz sample blank lauf uazdindsuniouds Walinuiewisnuiiaiidduana
signal-to-noise ratio (S/N) 1ipeni 3 il RT uaz/visad m/z TnatdesnuasnasgudanIsuneann
F13IUNMULAIDTANNINNE

anuiluduassvainslanasgiu

#3719 UNIATFIUUUY matrix-matched calibration (MMC) Tagldmsatailaannduas
dmasandauiefidly blank @udvhazas Faane intermediate standard solution T¥laanudagu
fidasmsuasiawhieies GC-MS/MS wuugs (random, n=3) e maNUszansanduwug (correlation
coefficient: r) MUPUANUNREBNSU T NANNINAT 0.995

AeneuaInIInany (LOD)

WIAMNAYBININTIANY (limit of detection, LOD) Iﬂﬂlﬁumsazmﬂmmgmaﬂumiaﬁ’m
NnEMLerdImaNNEauisfistau LOD udmhluiadiaias GC-MS/MS fuime signal-to-noise
ratio (S/N) nsuiiudue LOD hssduamnudagy 0.02 fasnsudailaniy Togdnansunasguasluy
fhatharmuarmaaundaurs udrasamuiunau SenLRanu s (n=8) uaruum S/N @ LOD
AoszauanuuTuiilien S/N snnnh 3

Aeneasmazilsaa (LOQ)

MIaNAereInTIaEsina (limit of quantitation, LOQ) lealddayaannsnasau
ANNUNULAZANNLTEBIMTIATIY PszduamuEagy 0.05 Faaniudanlandy Sz s o
(n=8) UAIAUIN %recovery MUUALNMIBBNTUBLlUENTBEFL T0-120 LLa::ﬂ"]Lﬁmmummgmé’uﬁmﬁ‘
(RSD) MuuaLnaieansy <20%

anuiudunsIsasdamIIeIEy

ﬁﬂmmmL‘ﬂuLﬁumwawhqmi’?Lﬂiwzﬂmmmaumimmgﬂﬂué’aaﬂw (sample blank) ﬁs::éi’u
AN 0.05, 0.1, 0.2, 0.5, 1.25 WAL 2.5 Haansudanlaniu IANeseiuar 3 20 (n=3) d59AW
anuFNTUSITNenNENTuiiinaslufsthetuamnENtuiasIany Munamemalssansanaunug
(correlation coefficient: r) MUUANUIEBNSU r HANINAD 0.95

ANNUULAZANNLTI B

Laum‘smmgmslu(?hashq (sample blank) ﬁizﬁu LOQ, 4xL.OQ oz 25xL.OQ ﬁmmtﬁuﬁu 0.05,
0.2 Uy 1.25 Naansudanlandy MuAGU HATNTEAUSL 8 T (n=8) WA %recovery Waz RSD
Taatnaeisansuanuuay (accuracy): mean recovery 70-120% Wastnasioan3uANNAEY (precision):
RSD i@ <20%

m3dszanam A liwivauainin

msUszanameanyliuiueuraImsia (Estimation of Measurement Uncertainty, MU) 284
menzinsmiadagiiluannsivhmmegeulfismsues EURACHEM Fufhumsdnalaglinauvds
fanzasenaliwivey Mntummameanyliwivausaefiszauanudaiuiesas 95 Tagldem k = 2
HhiasfienugndauiiufisansuuasminsandemaihlulFny
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Analysis of Pesticide Residues in Cereal Grains and Pulses Thoranit Chaimongkol and Weerawut Wittayanan

mithtmammﬁmwé’tﬁaﬁ’mmﬁ'ﬂﬂmwﬁ'mﬂﬁﬁ'ﬁmsm%mhﬂ

iatilumsaiuayuuazanszduanumusovasl flidmsiadedensuinanmansmsunng
Tugfima Ssduiumstinoussismanaiensiliudgudinenmandmsunmdauiuguuasiugasm 7
wii waziitenadauaMEnsavasl fUAMsEh S umsause SasniiumsialasimsiSeuiisunaszviig
Weelu@ns (Interlaboratory comparison, ILC) M3itanzviansiaiiiasnumandagiizluin Taudssanm
W.A. 2563 (ILC-PRo1-63) fian®n 3 uwa laun vasljudmseheansmindagiiguazendainndre diin
AMMNLATANNUABANEDIMS wazgudinenmansmsunngdn 2 uvs ldadndewesiagnasay (QC
sample) Fuiludrathadnunanid (Basmati Rice) hlamnmsnagauamusinnaues FAPAS Product
Code: FCPM2-CCP51 Test No. 09128 waniglvungidnsinmsiSauiisunassniniesljudns
uadeNsinniasl juimsazgnissiivenuuidisnnuleslde RU (Relative expanded uncertainty)
minaleaan Reference value wag Expanded uncertainty (U) ‘ﬁizuﬁlu reference data sheet 299 FAPAS
laa@n reference value + U 284eh5 alpha-BHC, methamidophos, profenofos wag fenpropathrin flu
18.2 + 8.0, 42.0 £ 18.5, 45.4 +20.0 Wdz 59.8 + 26.4 lulAsnsuaanlansy awaau MyuaLNMTIEaNSY
<UwnRU< +1 dia RU = Relative expanded uncertainty, RVx = Reported value, RVo = Reference

value, U = Expended uncertainty a9anns

RU = (RVx - RVo)/U

We

wan1stlsuiaudsedndnneadls QuUEChERS wazis FaPEx®

Wisuieudszansmumse3ondiagi 2 58 daumsaadanianazihlunagauanulsle laud
3% QuEChERS wasUfiamsdiinaammnuazanulaanssamslddmivinnsiinualiae duis
FaPEx® fafjudassyhiindnmadendu udldannauastunaurilisiadiny fanaasainsoianls
wmmu'ﬁ%tﬁulé"[Gmlﬁmaﬁmmgmﬁsxﬁwmmﬁ'uﬁu 0.05 finansusanlansy U 8 % (n=8) M
gerecovery Waz %RSD sausaslumuii 1 § 1915155 QuEChERS a198991n38 EN 15662 ShAsilanudaths
anuiiuge Idwannuulpneunsldnulimmnsaldinnsiveuild ilasnndasduamwliidioeiil
AN 10-15% IdTlanuduimanzaniudd (anudu >70%) Tagmsidnih 4 whaesSinadisehs Tudu
28935 FaPEx® lananmsiansdeanda AOAC 2007.01 dauaaslumwil 1

NnmMsneaslisuiisulstans mwdsedendeee wanuiis QUECHhERS lvswnussidl
grecovery BEIEUIN 70-120% N 122 @13 Aodludasas 100 wasemaissiiuansdsddeuy
inaspudning msnanueaglunasisaniu (<20%) luansiiis FaPEx® lnumsiil erecovery
aEITNIN 70-120% MU 108 @15 AaLluspaa: 88 uazil 2 13 TW %RSD Liaglunanizaniu uaash
58 QuEChERS fanuwansaninsldsmiumsiadaudiothannnh 3udenldiaiamsumammsnagau
anulElaaisieneyd

Nsasasyingengasmsuwngd
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maAnzdaseiiilasnuiiedagiizanmelusyisuazonadauis

uanmsnagauaNlilauadisiesed

NNMIANHIMTIA5IEW method blank waz sample blank Rilusuazdindasndaus
anabinvassumuitiieaswselndidestuansinasyu msdenziuuuy MRM aeia3as GC-MS/MS
wlainsaasaiaiinmseiilosiumdadagisldeddanuy Wumaiaiidanuluszanuiimzg
ansaaniassaulaluamindiiimssumuldasaaasumnd 2

140

120
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80

60

40

20

0

wamsnfSoumeusesazmMsAundUIL1I1995 QUEChERS U FaPEx

<70%

70-120%

>120%

[l QuEChERS

0

122

0

W FaPEx

11

108

3

140

120

100

80

60

40

20

0

namsnouivudiudoauunasgudusintsenineds QUEChERS AU FaPEx

0-10%

|

>10-20%

>20%

M QuUEChERS

113

9

0

W FaPEx

115

5

2

M 1 wamalIauiisusagazmsfunauLazdIUlENUUNINIFIUTNANS 5213195 QuEChERS
nu FaPEx® udaauiua1snil s%recovery agisenin 70-120% uag %RSD <20%.

AMFOFITNNININTFIUANNTNWUSIZWIN concentration AU peak area (response) 2o
ssaulafiananiudunselugng 0.005 81 0.5 lulasniudaiiaaans duaadlumnd 3 Taenmwsnasues
aannziiadien r g 0.995-0.999 Fganinamiganiui 0.995

HaNMIMAFDUIANAALEIMIATIANUY (LOD) 2a4ansnziianniy 0.02 Hadnsneailansu (S/N > 3)
wazmstudulasmsanadateiissiu LOD wawuhwumsnnziions s  Tesidendesasmsiadzna
(LOQ) fawynu 0.05 Aaansuaanlansu

HaMsNaFaUAMNIIULaTANNTiEwadEfudadumed 2 meanuusiuuezenuiefiszau
LOQ, 4xL.0Q uaz 25xL0Q # 0.05, 0.20 Uz 1.25 Aaansudanlansy aasmsdenziasiediasiumia
ANy 122 7l TuguasmasUNEauRs HamMsnaFaUANNLNL (%recovery) Rszau LOQ feszuing
74.3-119.8% WAzANNHEIIN RSD HA5enig 1.2-20.0% HamsmagauamuaiuuazaNuiesiiszaunans
(4xLOQ) waz g4 (25xLOQ) 1A 91.3-120.0 % WL 0.5-20.0% MNIIAU e'?}qazﬂummﬁaau%'uﬁ 70-120%
Uaz <20% MG
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Analysis of Pesticide Residues in Cereal Grains and Pulses

Thoranit Chaimongkol and Weerawut Wittayanan
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q

Chlorpyrifos - 7 Levels, 7 Levels Used, 7 Points, 7 Points Used, 0 QCs
x10 64 y=4174.781401 * x - 411.894025
2| R"2=0.99920132 )
154 Type:Linear, Origin:lgnore, WeightNone
1.6
1.4+
1.2
‘I -
0.8+
0.6+
04+

Responses

(a) chlorpyrifos

+ MRM (196.9
x10 ¢

Counts

-> 189.0) P2010.

196.9-> 169.0 ,313.8->257.8 ,
11.955 min. 5

x10 2 | Ratio = 86.9 (101.5 %)
4] Ratio =974 (100.0 %
0.8
06
04
02

+MRM (11.891-12.013 min) (1

x10 61 169.0
257.8

Counts

Relative Abundanc..

96.9 313.8

cCanvwsmo

1 P -

T
11

0.2
04

5
Acquisition Time (mi...

¥
150 200 250 300
Mass-to-Charge (m/...

T T
1.5 12
Acquisition Time (mi...

T
12

T T T T T T T T T T T T
25 0 25 50 75 100 125 150 175 200 225 250

T T T T T T T T T T T
275 300 325 350 375 400 425 450 475 500 525

Concentration (ng/ml)

DDE-p,p’ - 7 Levels, 7 Levels Used, 7 Points, 7 Points Used, 0 QCs

x10 & | y=5409.289596 *x + 3223.960588
| R"2=0.99925913
2.5- Type:Linear, Origin:lgnore, WeightNone

2.254
2 |
1.754
1.5
1.254
1 -
0.759
0.5

Responses

(b) p,p’-DDE

+ MRM (2461

£ x10°
5
3
o

15
1
0.5

-> 176.2) P2010.
14.016 min.

246.1->176.2 ,315.8->246.0 ,

x10 2| Ratio = 141.1 (100.8
Ratio = 90.0 (100.6 %

+ MRM (13.974-14.070 min) (2
x10 7
125
1

Counts

176.2

0.75
0.5
0.25.

Relative Abundanc..

246.1 3158

*

0.254
0 -

Acquisition Time (mi...

—
200 250 300
Mass-to-Charge (m/...

T y
13.8 14
Acquisition Time (mi...

T y
13.8 14

L ‘ o

T T
25 0

T T T T T T T T T T T T T T T T T T T T T
25 50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 525

Concentration (ng/ml)

w3 MatnWINAITIULe: Chromatogram LaeN quantification transition, qualification transition,

ion intensity ratio 82 mass-to-charge (m/z) ¥aN

(a) chlorpyrifos waz (b) p,p’-DDE

P ' a a P Y v o W
13NN 2 ANNUNU (average %recovery) WazANNLNEN (%RSD) aaamAN@NziaIstaNlaInunm

dagiizluinuazaundasndouisnenududue

241 gwaaunEauR
0.05 mg/kg 0.2 mg/kg 1.25 mg/kg 0.05 mg/kg 0.2 mg/kg 1.25 mg/kg
Pesticides (n=8) (n=8) (n=8) (n=8) (n=8) (n=8)

Rec RSD Rec RSD Rec RSD Rec RSD Rec RSD Rec RSD

(%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
DDD-p,p’ 110.5 2.9 118.1 19.1 102.1 3.3 103.7 1.9 110.1 5.7 98.4 1.5
DDE-p,p’ 104.3 3.9 118.2 12.4 100.2 2.2 104.6 2.1  109.9 6.0  99.9 0.9
DDT-p,p’ 103.8 1.8 119.9 7.8 105.3 4.2 102.1 2.1 108.6 6.1 99.6 0.9
acephate 119.5 8.2 74.6 13.8 119.8 4.0 105.3 6.3 106.6 8.9 107.8 1.4
alachlor 109.4 4.2 119.1 6.3 100.6 2.0 105.6 3.1 104.4 16.9 104.4 0.9
aldrin 100.8 4.2 117.6 16.4 97.5 1.9 103.6 3.8 106.9 6.7  98.7 1.0
ametryn 107.0 4.1 119.6 11.2 100.7 2.1 106.3 2.6 105.2 15.5 101.5 0.8
atrazine 104.3 2.7 118.1 11.9 100.6 1.6 103.0 1.7 106.5 10.0 100.5 0.6
azinphos-ethyl 112.4 4.0 116.8 13.9 120.0 9.5 101.5 2.5 108.9 6.6 105.2 1.5
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Analysis of Pesticide Residues in Cereal Grains and Pulses Thoranit Chaimongkol and Weerawut Wittayanan

~ 1 d' a o = Y v o w
M3NN 2 ANNUNY (average %recovery) WazANULNEN (%RSD) 2a94mMIitaNzaedUainuman

[ -

VY Q'I =) < v tﬂ' v ¥ J 1
ﬂ@lgW‘ZﬂM?ITJLLaZﬂ’JL‘VIa?J\‘ILNGG]LL‘VNVW]’J'INL’UN?IUGI'N 9 (D)

21 MIHADIUNAAWHY

0.05 mg/kg 0.2 mg/kg 1.25 mg/kg 0.05 mg/kg 0.2 mg/kg 1.25 mg/kg
Pesticides (n=8) (n=8) (n=8) (n=8) (n=8) (n=8)

Rec RSD Rec RSD Rec RSD Rec RSD Rec RSD Rec RSD
(%) (%) (%) (%) (%) (%) () (%) () (%) (%) (%)

azinphos-methyl 111.0 13.5 113.0 18.7 118.2  11.3 104.5 1.5 109.0 6.4 105.2 1.4
bendiocarb 106.5 3.3 120.7 6.7 107.7 2.2 102.4 1.8 111.0 6.4 101.6 0.8
BHC-alpha 104.2 4.6 116.1 10.7 98.0 1.8 103.4 3.5 112.2 6.3 101.0 0.7
BHC-beta 104.6 4.8 119.5 11.2 98.9 1.4 103.1 3.3 110.0 6.1 100.1 0.6
BHC-delta 107.7 4.8 115.8 14.7 101.0 1.5 102.9 3.6 109.7 5.5 100.2 0.7
BHC-gamma 103.6 4.9 107.4 19.8 98.9 1.1 104.5 3.5 111.4 5.4 101.0 0.8
bifenazate 105.6 8.7 119.2 11.3 92.8 8.1 106.1 8.2 115.0 8.0 87.4 4.5
bifenthrin 108.7 2.5 114.4 18.5 104.1 4.7 103.3 2.1 112.5 5.6 101.5 0.9
bromacil 105.2 18.2 119.4 8.0 110.6 2.7 104.3 3.8 107.2 6.7  99.3 1.1
bromophos-ethyl 102.3 4.6 119.9 7.2 100.7 2.4 105.0 3.7 109.6 5.4 100.2 0.9
bromopropylate 109.3 3.2 119.4 9.9 106.3 4.8 102.6 1.3 108.9 6.5  97.3 1.3
buprofezine 106.9 5.2 116.6 14.5 101.3 2.5 108.2 4.0 111.0 5.8  98.7 1.2
butachlor 103.8 2.3 119.3 6.2 103.5 2.2 107.2 1.9 109.3 5.3 101.0 1.1
cadusafos 107.8 5.1 119.9 18.1 99.7 1.9 106.3 3.2 111.1 5.5 100.3 0.7
carboxin 74.3 19.9 155.2 18.1 110.7 4.4 109.5 4.4 105.6 7.1 102.2 1.0
chlordane-alpha 104.6 3.9 119.6 8.6  98.6 1.9 105.1 2.4 108.1 5.7 99.0 1.4
chlordane-oxy 100.3 2.7 119.5 10.3 99.2 2.1 110.1 1.9 109.9 6.1  99.6 0.9
chlordane-gamma 104.0 2.7 118.7 12.9 98.6 2.2 106.0 3.6 108.1 5.7 98.5 0.7
chlorfenapyr 110.3 7.4 116.0 18.7 102.7 3.4 96.4 3.4 108.8 5.6 99.4 1.2
chlorfenvinphos 112.4 5.5 117.0 16.3 108.4 2.8 107.0 1.9 110.6 6.1 101.6 0.9
chlorobenzilate 108.3 2.6 115.4 16.6 105.0 3.2 102.5 1.8 110.6 5.8 100.5 0.8
chloroneb 104.1 7.4 115.2 9.4  96.4 2.5 107.8 4.9 109.5 5.9 100.3 1.0
chlorothalonil 110.9 5.0 120.0 14.4 107.3 2.1 101.2 3.9 109.5 5.8 101.8 0.7
chlorpropham 105.8 5.7 117.9 12.7 98.7 1.5 103.9 3.9 111.5 6.4 101.9 0.9
chlorpyrifos 108.6 3.6 118.8 16.8 101.4 1.8 104.6 2.3 109.2 5.9 100.9 0.8

chlorpyrifos-methyl 106.4 3.0 117.7 14.1 104.1 1.4 104.6 2.1 111.3 5.7 102.4 1.1

cyanophos 104.2 4.1 119.8 11.7 101.7 1.8 104.5 2.5 110.3 5.8 106.1 0.8
cyfluthrin I 112.4 7.7 118.7 8.6 118.6 8.7 108.7 2.9 112.8 6.4 108.9 3.7
cyfluthrin IT 100.0 5.5 119.5 11.9 116.5 10.3 113.9 4.5 108.3 5.8 106.0 2.8
cyfluthrin ITI 97.0 14.5 119.8 7.8 118.2 9.6 105.0 4.1 107.7 6.3 105.5 3.4
cyfluthrin IV 109.6 13.9 119.7 10.4 115.4 9.3 104.8 3.4 114.1 6.7 108.7 3.6
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a 1 Py a s Y v o w
139N 2 ANNUNU (average %recovery) Uaz@NNLNEN (%RSD) 2a9mMIIaNevastailaanuman

o ]

Vv G?I <~ < 4 nﬂl ¥ v J i
ﬂmgwﬂummaxmmammammwmmmmum 9 (D)

21 dwaaundauRe
0.05 mg/kg 0.2 mg/kg 1.25 mg/kg 0.05 mg/kg 0.2 mg/kg 1.25 mg/kg
Pesticides (n=8) (n=8) (n=8) (n=8) (n=8) (n=8)

Rec RSD Rec RSD Rec RSD Rec RSD Rec RSD Rec RSD

(%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
cyhalothrin-lambda 119.4 7.5 116.9 17.6 111.6 7.1 106.7 3.0 109.9 6.8 101.7 0.8
cypermethrin I 95.7 16.1 119.3 10.1 120.0 7.4 118.1 3.9 100.2 6.9 103.6 3.1
cypermethrin II 102.0 18.2 119.7 9.7 117.0 10.0 111.5 4.5 108.4 7.2 104.6 2.5
cypermethrin IIT 114.6 20.0 117.3 13.3 119.0 6.7 116.9 8.5 103.9 9.7 101.2 2.5
cypermethrin IV 117.2  14.4 119.9 11.5 115.6 8.9 96.2 5.2 108.8 6.9 111.2 3.0
DCPA 104.7 4.1 119.4 12.1 100.1 1.8 105.6 2.6 109.5 5.9  99.9 0.9
DEET 107.1 3.6 115.3 15.8 101.3 1.7 104.9 3.4 109.9 6.0 109.2 0.6
deltramethrin 101.3 9.8 119.8 10.4 114.0 8.6 103.2 3.6 107.3 6.7 105.9 3.1
demeton-S-methyl 96.1 12.0 119.9 5.8 107.4 2.1 112.7 2.9 108.3 6.4 103.0 0.8
diazinon 103.8 3.5 119.4 8.0 100.7 1.4 106.9 1.8 110.6 6.2 100.5 0.8
dichlorvos 109.5 8.7 119.0 1.1 98.5 2.2 105.2 4.6 111.7 5.7 106.4 0.8
dicofol 106.3 2.3 116.7 13.7 101.1 2.5 111.1 3.0 111.0 5.5 105.8 1.3
dicrotophos 111.5 6.1 119.8 4.9 116.0 3.0 104.0 2.8 110.8 5.8 113.1 1.5
dieldrin 105.2 6.1 119.4 5.4 100.9 2.6 105.3 5.2 108.9 4.4 100.1 1.3
dimethoate 108.7 4.4 119.6 4.4 110.0 2.3 106.2 1.9 111.2 5.9 102.6 1.0
dioxathion 98.0 7.1 119.9 6.4  95.9 1.7 103.1 2.7 111.9 6.8 102.7 1.1
disulfoton 94.3 16.5 119.1 2.4 100.9 1.0 112.2 3.6 109.4 5.8 101.4 0.9
ditalimfos 107.5 2.7 119.7 10.5 104.9 2.9 104.9 2.1 108.2 5.9  99.5 0.6
endosulfan-alpha 103.7 6.5 119.1 6.7 100.8 2.8 102.6 7.4 109.0 4.9  99.0 1.0
endosulfan-beta 97.8 3.1 119.7 7.4 102.3 2.9 106.6 2.0 110.8 5.6 96.4 1.5
endosulfan sulfate 104.3 6.5 116.8 17.2 102.5 2.8 103.1 3.6 107.2 6.8  95.9 1.4
endrin 98.1 9.6 119.3 5.0 96.9 3.6 107.6 9.3 106.6 5.4  92.1 3.6
EPN 104.1 4.0 118.4 7.9 112.6 5.1 111.4 1.5 112.7 5.8 110.2 3.6
ethion 109.1 3.4 118.7 11.4 104.3 3.3 107.2 1.9 111.1 5.8 102.1 0.9
ethoprophos 104.0 3.8 117.1 11.7 100.9 1.7 103.7 3.0 111.0 5.6 101.2 0.6
etrimfos 109.0 6.1 119.0 10.2 99.9 1.5 105.8 2.7 111.1 5.7 101.3 0.5
fenchlorphos 105.1 4.9 118.4 9.9 101.7 1.5 105.3 3.4 110.5 5.8 101.4 1.0
fenitrothion 102.5 4.3 119.5 10.4 107.8 2.0 107.1 4.2 116.7 5.4 111.1 4.2
fenobucarb 104.8 3.8 121.3 4.3 101.4 1.4 104.4 2.4 110.0 5.9 109.9 0.6
fenpropathrin 108.8 4.1 118.1 12.6 105.3 5.8 105.9 2.7 110.1 6.1  99.8 0.8
fenthion 105.3 3.1 116.7 15.2 102.2 1.7 105.1 1.8 110.7 5.5 101.2 0.8
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A 1 P} a s Y [ o
13N 2 ANNUNU (average %recovery) UazANNNEN (%RSD) 2aamMIIaNevastailaanuman
L3 <~ YV 0!’ =~ < 4 nﬂl ¥ v ' J
ﬂ@lEW%‘lu"lﬂ’JLLagﬂ?LWGBQLNGQLLMQ‘V]V’YJTNL?IN?IHG]'N 9 (D)

2 MIHADIUNEAWHY

0.05 mg/kg 0.2 mg/kg 1.25 mg/kg 0.05 mg/kg 0.2 mg/kg 1.25 mg/kg
Pesticides (n=8) (n=8) (n=8) (n=38) (n=8) (n=8)

Rec RSD Rec RSD Rec RSD Rec RSD Rec RSD Rec RSD
(%) (%) (%) (%) (%) (%) () (%) () (%) (%) (%)

fenvalerate I 102.4 4.1 119.7 10.7 118.4  11.1 108.0 3.2 108.2 6.7 106.1 2.2
fenvalerate II 115.4 5.6 119.8 17.1 118.6 10.7 107.6 4.3 107.6 6.2 106.6 2.6
fipronil 107.0 4.9 120.0 10.2 108.3 3.0 108.5 3.0 113.6 5.5 106.3 2.5
folpet 103.4 6.5 119.1 6.8 113.9 4.1 101.3 4.4 109.3 6.7 1051 1.4
fosthiazate I 109.0 7.6 106.3 14.0 118.9 3.3 98.8 2.1 108.1 6.7 102.4 1.5
fosthiazate II 117.6 15.8 118.3 19.0 116.8 3.8 104.5 2.5 112.7 5.7 106.3 2.5
heptachlor 106.6 4.4 116.2 11.9 101.2 1.6 105.9 3.1 111.2 5.6 101.4 1.0
heptachlor 105.0 3.4 117.7 7.2  98.4 1.9 106.2 3.5 109.9 5.3 98.7 1.0

epoxide (cis)

heptachlor 99.2 3.7 119.8 9.9 100.4 1.9 104.3 3.6 110.0 6.2 99.2 1.0

epoxide (trans)

heptenophos 111.3 4.3 118.3 8.7 104.6 1.6 103.6 3.0 110.3 5.9 102.0 0.8
hexachlorobenzene 103.5 6.1 119.4 3.6 96.4 1.8 105.1 4.2 110.9 6.1 100.7 0.6
hexazinone 107.9 4.4 120.9 5.4 105.4 2.4 104.5 1.2 108.2 6.5 103.0 1.0
isofenphos 102.5 3.1 119.4 10.2 100.3 2.5 105.1 2.3 109.7 5.8  99.3 0.9
isoprocarb 105.5 3.9 124.1 8.3 100.9 1.1 107.3 4.0 109.4 5.8 106.8 0.7
isoxathion 104.4 4.6 116.7 4.4 119.7 9.5 109.4 3.2 119.3 5.4 123.1 8.1
malathion 107.0 3.6 119.6 11.4 105.3 2.4 107.2 2.5 110.2 5.7 101.4 1.0
metacrifos 105.8 7.3 119.7 5.1  96.6 2.1 106.2 4.6 109.7 5.6 101.5 0.7
metalaxyl 103.9 4.9 117.0 3.2 103.3 2.8 102.6 1.9 108.0 6.3  99.4 0.6
methamidophos 98.6 3.9 118.6 14.5 105.9 1.9 105.5 5.8 108.7 5.9 102.0 1.2
methidathion 110.9 2.9 118.8 10.7 108.5 3.1 106.5 1.5 110.9 5.4 101.9 0.9
methoxychlor 107.7 2.9 118.3 14.8 106.0 5.3 104.9 2.7 108.2 6.7 99.1 0.7
metolachlor 105.4 3.1 119.6 3.9 101.9 2.3 104.3 2.8 109.7 5.9  98.9 0.7
metribuzin 110.8 2.7 117.9 15.2 103.4 1.6 110.5 2.0 120.0 6.3 107.8 2.8
mevinphos 111.1 7.6 115.1 11.2 102.2 1.9 106.4 4.4 109.0 5.9 101.7 0.8
monocrotophos 108.7 10.0 119.6 3.8 114.6 5.0 104.2 2.9 109.6 6.0 106.9 1.7
naled 116.7 16.4 126.1 17.6 94.1 8.9 112.6 6.0 107.5 7.9  92.6 5.0
omethoate 112.2 9.4 104.0 17.8 119.6 3.3 104.6 6.5 109.4 6.4 112.1 1.4
parathion 109.8 4.4 119.9 11.0 107.0 2.3 110.5 2.1 113.2 5.4 110.4 3.4

parathion-methyl 113.3 2.5 118.9 12.7 110.4 2.3 110.2 3.0 117.7 5.3 113.5 5.2
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ﬂmgwﬂummaxmmammammwmmmmum 9 (D)

m naaundauie
0.05 mg/kg 0.2 mg/kg 1.25 mg/kg 0.05 mg/kg 0.2 mg/kg 1.25 mg/kg
Pesticides (n=8) (n=8) (n=8) (n=8) (n=8) (n=8)

Rec RSD Rec RSD Rec RSD Rec RSD Rec RSD Rec RSD

(%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
permethrin I 117.4 14.2 117.6 13.5 114.4 8.0 98.6 4.5 109.2 7.8 100.0 3.4
permethrin II 119.8 6.3 119.0 14.8 110.3 8.3 106.6 2.6 109.3 6.6  98.8 1.5
phenthoate 105.1 2.4 118.7 5.2 103.6 2.2 104.4 2.3 112.7 5.4 103.6 1.2
phorate 104.5 3.5 119.7 5.3  99.7 1.1 107.1 2.2 112.6 5.6 102.2 0.8
phosalone 115.3 3.8 116.9 16.8 117.1 9.0 105.5 1.7 110.2 6.3 102.5 1.1
phosmet 118.2 5.5 118.8 9.5 118.7 5.8 104.4 1.4 108.0 6.4 102.5 1.4
phosphamidon 115.6 5.8 117.4 14.4 118.4 3.9 104.3 3.6 111.9 5.4 103.0 1.3
picoxystrobin 114.1 5.7 127.0 14.5 101.7 3.0 95.8 4.5 108.2 7.8 101.4 1.2
pirimiphos-ethyl 104.8 2.7 116.2 14.8 100.7 2.2 108.4 2.5 110.4 5.4 101.1 1.0
pirimiphos-methyl 98.8 4.5 119.6 6.8 102.0 2.0 107.2 2.3 110.9 5.5 100.9 1.0
profenofos 112.2 8.6 119.9 7.5 107.2 6.6 102.2 5.9 105.8 7.3  98.0 6.1
propachlor 107.1 3.3 117.5 10.5 101.5 1.4 104.4 2.9 111.2 6.1 100.8 0.6
propargite 111.1 3.7 117.5 9.8 103.6 5.0 102.4 1.7 107.2 6.3 91.3 4.1
propetamphos 105.3 4.0 119.5 3.6 101.1 0.9 105.4 2.3 114.1 5.5 112.5 1.8
prothiofos 106.7 3.5 119.1 8.7 101.4 2.8 102.9 2.8 109.1 5.9  99.9 0.7
pyrimethanil 106.1 3.7 119.7 5.6  98.8 1.5 108.7 3.2 110.5 5.9 102.5 0.7
quinalphos 107.3 2.4 118.2 7.0 102.9 2.7 105.8 2.2 109.9 5.6 101.8 0.8
quintozen 109.6 7.5 117.4 6.7  99.2 1.5 107.9 5.0 111.6 4.8 104.8 2.0
simazine 106.3 4.0 122.8 4.1 100.0 1.6 104.2 3.8 111.2 5.8 102.2 0.7
tebufenpyrad 107.2 5.1 119.6 11.3 108.5 5.7 103.3 3.5 109.8 6.0 99.5 0.6
tecnazene (TCNB) 108.2 5.9 119.8 2.1  97.9 1.8 106.0 4.0 111.9 5.6 103.7 1.0
terbacil 111.2 4.1 120.0 8.1 108.0 2.4 104.7 3.0 110.0 6.6 101.8 1.0
terbufos 104.0 5.9 117.5 10.5 98.7 1.5 106.2 3.5 111.8 5.8 101.9 0.7
tetrachlorvinphos 113.9 2.5 112.9 9.9 115.4 4.1 103.4 1.9 110.4 5.6 100.9 1.3
tetradifon 111.3 5.7 104.1 17.8 107.5 6.4 106.2 2.6 109.7 6.6 98.1 1.8
thiometon 100.4 12.0 115.8 8.5 101.3 1.3 110.9 3.5 107.6 6.5 100.7 0.8
tolclofos-methyl 105.0 4.6 118.2 5.5 99.5 1.4 106.6 3.3 111.0 5.7 101.1 1.0
tolylfluanid 108.1 2.9 117.5 10.8 103.7 2.0 106.0 2.3 112.0 5.1 101.0 1.1
triadimefon 106.5 3.0 118.9 7.8 103.4 2.9 104.5 2.2 110.2 5.7 101.0 0.9
triazophos 113.0 6.2 122.9 14.1 110.4 5.1 103.7 1.4 109.9 6.2 102.1 1.2
trifluralin 106.6 6.1 114.4 14.2 100.0 1.9 107.5 4.3 1153 5.3 105.9 2.0
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M50 3 Mo1de (Reference value) uaz Expanded uncertainty U (k = 2) 289a15N#ANEN

Pesticides Reference value (ug/kg) Expanded uncertainty
alpha-BHC 18.2 8.0
methamidophos 42.0 18.5
profenofos 45.4 20.0
fenpropathrin 59.8 26.4

3.0

2.0

Relative expended uncertainty (RU)

-3.0

alpha-BHC methamidophos profenofos fenproparthrin
W 1A 0.0 -0.1 -0.8 -0.3
M 1B -0.8 -0.9 -0.8 0.6
| P -0.7 0.3 -0.4 -0.6
3 -2.0 26 -0.2 -1.7

NN 5 RU 229m53@s1evars alpha-BHC, methamidophos, profenofos wag fenpropathrin
Tudregheimnuneind tnamiaansu RU < +1

a 4
AU
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grecovery uaz %RSD aglunamisaniuinnniis FaPEx® uiisiiasldnauazanaiaiiasnt udinmsd
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Thminzanluaneasaly

mswannidienzilosldieias GC-MS/MS lusuaey instrument method development
i dauaziionuuiudamsdenziuuy multi-residue method aghann Tagmmnzmsmaniz

waz MRM transitions fitvanzan lagdasamisdannindnatlussana msidan transitions Nlaimanzan
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Tgetudiumaielmsiiil volatility fwanehefiudg column liwsandiu iassansmmwmausnaslda
Tunsdiftadaeiialisl inlet #iiaiisnansold MMI (multimode inlet) #l#lenauwuy split/splitless wazU3u
qmwgﬁﬁuaﬂeﬂ" 138905793 0e 5580 triple quadrupole mass spectrometer 11 mode MRM, multiple
reaction monitoring gnsl%lﬁ'mﬁ'u sensitivity w8z selectivity mmsnmaﬁﬂmiﬁszﬁuGi"wmnlﬁ'u,amﬂu
Lﬂ‘éaaﬁaﬁﬁmmwu (robustness) Tmﬁ"ﬂﬂ%’lﬁ‘lumuﬁmiwﬁ drug metabolism, pharmacokinetics,
environmental contaminants, biological analyses WaZUENIANAN LB ﬁaqﬁmimmaauafmsﬁ
mmzauﬁaumﬂ%’m%aqﬁavgﬂﬂ%gq wniwasiiiniimsasaseu ldud Anuaizes retention time, peak
area (response) 138 MUNNTHEINNTONTIAFDUA ion intensity ratio eLBuNY
oﬁ”]LﬁumsmuquQmmwmam'ﬁLﬂswzﬁﬁqmﬂiuuazmﬂuan Toam33t@31e¥ method blank,
spiked sample waz duplicate sample NNYAYBINTANAUIDBENUDHUTENIM 5% VAIAIRENNATDY
Tunsdififideseiunuinn uasmanuasissdaiiiunsandaulassdashmsanatududennass
matuduriiozasansiinsanudesiiudunacie ion intensities ratio 1o ion intensities ratio 284
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Method Development for Pesticide Residue

Analysis in Cereal Grains and Pulses
using GC-MS/MS

Thoranit Chaimongkol and Weerawut Wittayanan
Bureau of Quality and Safety of Food, Department of Medical Sciences, Tiwanond Road, Nonthaburi
11000, Thailand

ABSTRACT Cereal grains and pules are the most common consumed foods worldwide and the use of
pesticides in agricultural production for plant protection has been the cause for increasing concern.
The safety of these products must be checked for toxic pesticide residue contamination by reliable and
trustable analytical method. The efficiency of QUEChERS and FaPEx® method for sample preparation
procedure was compared. A modified QUEChERS method was selected and was improved for
simultaneous determination of 122 pesticide residues in rice and dried soybeans and the method was
established and validated. The samples were initially extracted with acetonitrile (MeCN) and combined
with salting out step by the mixture of MgSO4 and CH3COONa. The final extract was concentrated
and reconstituted with appropriate solvent. The target pesticides were detected by gas chromatography-
tandem mass spectrometry (GC-MS/MS) with MRM technique to minimized interference. The limit of
detection and the limit of quantification of the validated method were 0.02 and 0.05 mg/kg for the
pesticides respectively. Analysis of fortified rice and dried soybean samples were performed at three
different levels (0.05, 0.2 and 1.25 mg/kg). Mean recoveries from eight replicates ranged from 74.3-119.8%,
with relative standard deviation, RSD lower than 20. The evaluation showed that the QuUEChERS
method held excellent linearity at 0.05-2.5 mg/kg (r > 0.995). The participation in PT scheme for
external quality control showed the satisfactory results and internal quality control was applied for
routine analysis. Based on our results, the developed method was successfully applied for the detection

and quantification of pesticide residues in rice and cereal grains for health concern and regulatory propose.

Keywords: Pesticide residues, Cereal grains, Pules, GC-MS/MS, QuEChERS
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