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Analysis of 236 Pesticides in Apple for Validation of Multiresidue Method
using QuEChERS Sample Preparation and PTV-GC/TOFMS Analysis
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Abstract

The recent trend for pesticide residue analysis in food involves fast cleanup and use of mass spectrometry to
achieve quantitative and qualitative analysis at the same time. Recently, the QUEChERS (quick, easy, cheap,
effective, rugged and safe) multi-reside method has received much attention as a fast extraction and cleanup
method of pesticide residue analysis. Therefore, multi-residue analysis of 236 pesticides was tested with the
QuEChERS method by concurrent use of PTV-GC/TOFMS (gas chromatography/ time-of-flight mass spectrometry
with programmable temperature vaporizer). PTV condition was optimized and when the method was applied
to apples, pesticide recovery rates (spiked at 400 ng/g) ranged from 80% to 120%, and RSD values were under
10% for most compounds. The results showed that the QUEChERS sample preparation and PTV-GC/TOFMS
analysis can be applied to multi-residue analysis of pesticides in fruits and vegetables.
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5, 2003)2 CEN prEN15662H(http://www.quechers.com)
7} AOAC 2007.01%(Lehotay 5, 2007)0.8 Ubr]o] 7
ol Aoz A duta oz 879 AlRE 30
Ylofl vk Fufeh 4= Qlo] w2 il(quick), thE 7]& Bk
v FEel A Eu A4 & o 9la e 9ArE 5
SHA| GFot 4lil(easy), Al 2E A2|sh= WA o A2 &
AL B B2 ARkl Baste] ghkal(cheap), 54 w0l
u slgheo] whE pH 97 il HEgt 3
avtH o] dl(effective), pHO| 9Edh= S5
B = A= 4 9lo] 9eshil(rugged), oW st
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ZolE 2 QHISITIsafe) T B1o] 2oI7] o] E0|ck(S, 2009)

Anneli 5(2008)9] ol &J5HH Akt AR5 0|82t 3714

9] A2 (Luke method(AOAC 985.22), QUEChERS,

matrix solid—phase dispersion(MSPD)) % QuEChERS]|

A 7P F2 dede BYom, Al 5 it ofd &

9] thoFst A|RE o] 83t BEAAE AFA(RSD)O] 14%
u|9ko 2 Lo} o535t ATE Hol= S(Andrea 5, 2010)9

QUEChERSE ©0]-§-3t T SAlEAlo] WA Byl 9l
om AT ohofgt ARt BA TR ot HEs] A

o] 7§eE 3l QIti(Lehotay 5, 2005, Cunha -5, 2007, Cajka
2008, Lehotay £, 2010, Li £, 2011).

Uem e $g0m AU TREAE B4
SN o sl e 717]E0] QT Ew, 42 o
A4 W BHAR B HeS Bol7] 98] e %Al%@
Ho| Aa ) AFEA A (Mass Spectrometry, MS)= GC
U LCo] AAElE 42719 @ SR Rois shie) £
H 247124 sekade AdwAol 7hed Aol M 2 5
ZJotH£;, 2009). UHHH O E MS+=
Zolt] ALGEE, GOMSS] AHS-S B3t A]2(complex
matrix)o| Al wEFe] 1hg wofe] gely} Aol Tk
£ 3lti(Cajka 5, 2008, 71 5, 2008). Lehotay 5(2005)2>
GC/MS&} LC/MS/MS 9] Ajto 2 229%9] kS B3t vt
Qo Pang 5(2006)2 450%2 5eHGC/MSE 383%
LC/MS/MS =& 67%)2 247 vt Slet. 2ol 2 5oF
R4S 95 2L S BES e B4 7)71A
GCITOFMSE AM43 977} o] ol o] At Cajka 5,
2004, Zrostlikova &, 2003, Dalluge &, 2002a, Dalluge
%, 2002b). GC/TOFMS: A7] X =(scan mode)2] MS9j|
A A S Gl B AT SE9 Ak R 5
& %ol © Yo welel 5oke thE 4 glow, A W3

target compoundE 7

HYoA] E2 £35S Holh TOFMSE o] & Angi
B HE717HA9] BAE S, BIAIRS o] 29
m/z k] Aol Hl#sto] o] 20] Agk -Erﬁ@ér A

=
Sju} 1008H29] 12 Th9]2 Lpefuich 78 TORMSS
- w2 QWHE-E(repetition rate), E-§ 5-30 kHZ(_1 -17-1
o] A=gf AHE-o] Adzof 5,000-30,0007] AAHE 4=
S ojul)2 Holu], ofefa ME HEE fRo] 9
o]0l glom tE 7I7|SET A7 BEOA 7}
A5 HoltiLeandro &, 2007).
A2 255t A2 HE 52 0 A8 oat ¥
4Ase] 4 9 QA4S Zol7] 93] GOMSO| e F
2 gasho] BASHE W So] AHEE T ek PTV

ofN [ %O
flo rr do

o3t

r_‘

(Programmable temperatured vaporization)~= 21 9] H=
HETh W2 250 QI linero] A&7} U= A 5S] &
Aol A L5 ASAIAN EA4E GCAHLE Y
ERE = AR ZH Hof] BT AR dgo] o &
I Agulof EAsh= Higtd 49 GCA"U RS 7Y
o] A& Aol qitk

oEbA 2 Atolld e Sleld F4Fe A HES
Y} HAo] Q= 4SS YA E PTV-GC/TOFMS
o] Bpefst PTVERAS AR 717134 272 Skl

om AFAEE fAloZ QUEChERSH O A4k
SeE #AYE Asekeld

A%t % 7|7

A7 HAZE 3t A2 anhydrous magnesium sulfate
2} anhydrous sodium acetate:= Sigma-AldrichA}9] A1 &S
AR5 01 glacial acetic acid(5=100%)%} acetonitrile

& MerckAl &5 AH-8EGITE F2&tol| ARl A|2FE primary
secondary amine(PSA), Cig(50 um), graphitized carbon black
(GCB, 120-400 mesh)-2 Supelco= 5E L4514tk 15 mL
9} 50 mLo| Hejm2nel UAL|EE (Falcon)2h AR
2)7](3tY, Combi-514R)7} AR E|Qlch &9F FFZ2 Dr.
Ehrenstorfer GmbHS} WakoA| &2 AE35l9 =Y EF<lo]
U 0.1% OHIEAT B obHIEUE 0] 1000 meke $915
Az} 20Colsiol YRR EHEEGY A
o ol g3teick BRUEEEAL 5, 10, 40 ugimLe] 57} 5
£2 7} ok Bl oHEUESS olgslo] S 3
& Afo] Akt o] EEEEYS 0.05% formic
acid3hs ol EYEZ R 104) 34 sted 0.5, 1, 4 ug/mL9)
FE7} E=E 7F7F A 2% & matrix matched calibration
2 9l 89) Azo] ol g3tk WHEEZHL 10 gl 5
=2 Alzst] Almo] H7IsAL o5 oEYEZR 104)
3145} 1 ug/mL=Z 9H=¢] matrix matched calibrationg-
Qg & Alzof ol &3ttt 77| EAA Y LF7E E'O‘P
7] Yl AFEE QC #5899l triphenylphosphate®] 73
2 pg/mL7t HEE HER A 23k

Hxz2|
QuEChERSEAH2 CEN prEN156623 37 AOAC
2007.01 22 SA = 0|9 7] wfiol F BAHE vl A



QUEChERSH Tt PTV-GC/TOFMS 0|2 &2

gt Axto] oJAs}ol(Lehotay 5, 2010) AOAC 2007.01H
g T FRAE Artete ZAolA Cistt GCBE
71st Ao 2 AlFe AXslgnh Satojoto]AE W
A 7F AR 15 g& o)A Wil FAE % 35t 53}

(o) AR
=

ches 2 1) A2
B 4 TR 50 mL Qo] B8 A2 15 g8
e}, 2) oEUEDS] SajEle] gl YraEEd
10 pg/ggd 150 pLEs A713E &
G oHEYED 1S mLE Y3 7
AE3s] Zgsitt 3) 6 g9 anhydrous MgS048} 1.5 g9
anhydrous NaOAcE Y1l =74& @11 go] FXA] Y2
SA] 07 1877F 501 Fth 4) 3500 rpmof|A] 1487+ ¢4
Easit) 5) 150 mg anhydrous MgSOs, 50 mg PSA, 50 mg
Cis, 7.5 mg GCB7} = Ee]Z=gdll qie] o] ¢k 44
N ] mLE Tgloz Hi 7)1 3027} vortex mixersS ©]-&
sfo] Rk}, 6) 3500 pmollA] 157 AR 7) 2 mL
58] vjo]do AFAH 500 pLE H il triphenylphosphate
2 pg/mLEH 50 uL, oPEUES 100 uLE 2o} PTV-GC/
TOFMS=Z A3t}
Matrix matched calibrationS §J3f sFo] A7}w|x] &
S ARE 7L 9 AZEAERY 1)~ 5UsH

=]

]
=

FHHOo

=t Ry

B eIt A

1% glacial acetic acid
EAS P 07 1 Tt

5t AFA|Z & 236F SOto| EAIEA
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AF51ar 5)H I oA 150 mg anhydrous MgSO4, 50 mg
PSA, 50 mg Cs, 7.5 mg GCB7} & —‘Tﬁﬂ oo PAE
2l ihg 57N ol ERIste] 7)o A 1 mLE 77t da
3027t vortex mixerE ¢|-8-35}o] Ags}al 3500 rpmof|A]
127 AAE2]sklet 2 mL f-2] Hio|do 500 pLE
1 matrix matched calibration-8& Z§3#5-89(0.05,
0.1, 0.5, 1, 4 pg/mL %) 50 pL, WH-EZELN(1 pg/mL
%) 50 pL, triphenylphosphate &% (2 pg/mL 5%)
50 uLE 4o PTV-GC/TOFMS=Z HA3lt},

A

=z Q.
o

717124

PTVEY =7 &4 49

GC/TOFMS+= Lecor}9] Pegasus 4DE ARE-ol3=d] GC
+= AgilentAte] 78904122300k & QoM AEE A= 5
9] 71% % 3¢l PTV(programmed temperature vaporizer)
£ ARSI = PTV ¢ initial temperature, venting
time, flow, pressure 59| B shejulEE EFsH 9lo]
A9 20% g Ao B2 AL #9523t (Cajka
5, 2008). & Ao A= 47179 ¢ ZA(liner, injection
mode, inlet mode, initial temperature holding time)-2 1&{3}

O m(Fig. 1), Z7k9] 2710] whE #a= Table 13} 29}k

Lineriz £418] 0% 9 trapping®]l $4.3 1% ¥

Table 1. Detailed variables for the optimized injection condition of PTV

- Baffled glass liner (RESTEK, 1.5 mm x 3.0 x 71 for Agilent GCs, Sitek Deact.)

- Straight inlet liner w/Wool (RESTEK, 2 mm x 3.0 x 71 for Agilent GCs, IP Deact., w/Deact. Wool)

Liner
L - 10 uL Single Injection (SI)
Injection - 2 uL x 5 Multiple Injection (MI)
- Splitless (Sp)
Inlet mode - Pulsed splitless (Ps)

- Solvent vent (Sv)

- 2.05 min (LH)

Initial temperature holding time - 0.20 min (SH)

@ Liner Baffled inlet liner

VS.

Stra|ght inlet liner w/Wool

@ Injection (2 ulx5 (Multiple) vs. 10 pL (Single))

@) Inlet mode (Splitless. Pulsed splitless. Solvent vent)

PTV temperature 40

300 (8 min)
700 T /min

@) Holding time (2.05 min vs. 0.20 min)

Fig. 1. Illustration of injection variables for PTV-GC/TOFMS conditions for optimum separation of analytes.
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Table 2. Detailed variable and method for analysis of optimized PTV-GC/TOFMS condition

Name Detailed Variable and Method
- Injection: 10 pL single injection
- Inlet mode: Solvent vent
- Inlet flow: 1.75 mL/min
SISvLH - Inlet purge time & flow: 400 sec, 30 mL/min
- Inlet solvent vent time & flow: 120 sec, 200 mL/min
- PTV temp. program: Initial injection temperature 40C (holding time: 2.05 min)
> 300 C @ 700 C/min (holding time: 8 min)
- Injection: 2 pL x 5 multi-injection
- Inlet mode: Solvent vent
- Inlet flow: 1.75 mL/min
MISvLH - Inlet purge time & flow: 400 sec, 30 mL/min
- Inlet solvent vent time & flow: 120 sec, 200 mL/min
- PTV temp. program: Initial injection temperature 40C (holding time: 2.05 min)
> 300 C @ 700 C/min (holding time: 8 min)
- Injection: 10 pL single injection
- Inlet mode: Splitless
- Inlet flow: 1.75 mL/min
ISpSH . .
SISpS - Inlet purge time & flow: 30 sec, 30 mL/min
- PTV temp. program: Initial injection temperature 40C (holding time: 0.20 min)
> 300C @ 700C/min (holding time: 8 min)
- Injection: 10 pL single injection
- Inlet mode: Splitless
- Inlet flow: 1.75 mL/min
ISpLH
SISp - Inlet purge time & flow: 400 sec, 30 mL/min
- PTV temp. program: Initial injection temperature 40C (holding time: 2.05 min)
> 300C @ 700C/min (holding time: 8 min)
- Injection: 10 pL single injection
- Inlet mode: Pulsed splitless
- Inlet flow: 1.75 mL/min
IPsLH
SIPs - Inlet purge time & flow: 400 sec, 30 mL/min
- PTV temp. program: Initial injection temperature 40C (holding time: 2.05 min)
> 300C @ 700C/min (holding time: 8 min)
- Injection: 10 pL single injection
- Inlet mode: Pulsed splitless
SIPsSH - Inlet flow: 1.75 mL/min

- Inlet purge time & flow:

30 sec, 30 mL/min

- PTV temp. program: Initial injection temperature 40°C (holding time: 0.20 min)
> 300C @ 700C/min (holding time: 8 min)

o g2H 717134 HASE Sfsl] Lefsljofsh= o], Jose
5(2009)& 15+1 EU-priority PAHs &-4J0] 47}2]¢] inlet
liner(single-baffle, single-baffle packed with glass wool,
multi-baffle, sintered glass inlet liner)E 7]7| FA3E 9
3 el vl glom 2 dAFolhe AR ATol HdAaes
Z2 Z7E H9l multi-baffled liner®} solvent evaporation
phaseo] A 9] £A48 -8 4= QITh= single-baffle inlet liner
packed with glass wool& ARE-510] H] 1l BA15}13 T}, Baffled
glass liner®} straight inlet liner w/Wool& ©]-8-35}o] 371

9] 9] M E(splitless, solvent vent mode, pulsed splitless)

S PTV &k ZRIFo|A 27] 2= 20K 9] A&
©] ¥ 3Kinitial temperature holding time), F=H10 pL}
2 uLE S 9% 20D M3 6744 A5 Hlasto]
£47)7] H3E Al on] 6714 7ol it A
A Table 20 Uehon] AE] AR4E Teist]
9ol 2tk 3w W Ak

E 717184
glel PTV 4]
PTV-GC/TOFMS7]7]

X
Aol BYE PTVEAS Eisto
BH2AL ofe) Table 3] Lhekfel

=



QUEChERSH 1} PTV-GC/TOFMS 018 e =

=

Table 6] YeFSItE GC
m/z oA K= Aol
3
= 10 spectra/sec ©]31t}. GC/TOFMSo| A E2j% A&
O JEE 3 9 EA4s7] Y84 LECOAR] ChromaTOF
software(version 4.24)5 AF&-3}¢ith 28 JEEL US
National Institute of Standards and Technology(NIST)%}
in-house pesticidesLECO z}o| B 2jg]& AME5}o] Similarity
9} Reverse, Probability7} =& Zt 9 AHEZS 310]35}
o AABSAoH, FNET 5L Folo] AT sk
Similarity@} Reverser= NISTO|A| A5t o2 AA Al=
of|A] & AHELE0| mass fragmentation TEl} Agf ATE
g gro]Bg]o AA|E mass fragmentation €T} H] 25}
A=l GAsh= s B7F o Atk Similarity= A4
A

A AHEGS ol neiele] W £

E &
= =
=N
=

—=1—u

[e]
U2 H=E Hrlohs B, Reverse= A

Table 3. Analytical conditions of PTV-GC/TOFMS
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S

A W] A% ~TER  Slo|uiele] EAjsl: A A9
ERTE vluskils o dA AES HER(e] 5, 2009).
2 ¥ g
PTV-GC/TOFMS 24 =7 &fz

GC/TORMS | PTV 9] 271¢] HH3HE )3 At
67179] 5= 7+ AR peak WHZE I 3 HHEAF )
A E(RSD), peak?] HAK(S/N ratio)S ILH3FHO0H, 5oF
of 24, i 22 SN ST vjRE A7le] Rufs
1#3}o] bifenthrin(Kow: logP>6)1} S H]=AJ Q] 50Fo]
A tricyclazole(Kow: logP=1.42)7} 7+ A9 £4

7HA] 87FA 9] thE A 9] thokst 459K4,4-DDD, Bifenthrin,
Captan, Chlorfenapyr, Chlorothalonil, Cyhalofop-butyl,
Tricyclazole, Trinexapac-ethyl) 0.2 1 A5 Ay H Q)

Baffled glass linerE ©|-8-3F 739, Z} Wl o] u}2 HAZ:

Initial injection temperature 40C (2.05 min) — 300C (8 min) @ 700C/min

Model GC Agilent 7890/LECO TOFMS
PTV temp.
Inlet mode Solvent vent

Injection vol. 10 uL

Column
Range: 50-550 m/z

Detector voltage: 1800V
Ion Source temp.: 220C

260C

Mass Method

Transfer line temp.

Oven temp. program

Rtx-5MS w/Integra-Guard (30 m, 0.25 mm ID, 0.25 pm film thickness)

Initial temp. — 90C (6.7 min) -(20C/min)—180C (1 min) -(10C/min)— 265C (1 min)
-(5C/min)— 300C (4.5 min)

Carrier Gas He (flow rate: 1.75 mL/min)
Baffled glass liner

16,000,000
[0}
=
£ 12,000,000
©
©
© 8,000,000 |
®©
X
®©
[}
Q 4,000,000 [

SISvLH MISvLH SISpSH SISpLH SIPsLH SIPsSH

——4.4'-DDD —a— Bifenthrin —a— Captan —>¢ Chlorfenapyr
=¥ Chlorothalonil  —e— Cyhalofop—butyl Tricyclazole —— Trinexapac—ethyl

Fig. 2. Average peak areas and standard deviations (error bar) of 8 representative pesticides using baffled glass liner by each method.



— 235 STD6-1-1213-PSv1 1 235 STD6-2-1213-PSvl 1 —— 235 STD6-3-1213-PSv1 1

406 F2 - Haly - WHE - LR - T8 - O[HE - B3 - 220 - B4H - 22K
160000 SISvLH MISvLH
140000 - 50000
120000 - 40000
100000
mn J 30000
60000 20000
40000 10000
20000
T T 0 T T T T T T T
Time (miisec)  19:44.00 19:46.00 19:48.00 19:50.00 19:52.00  Time (mi:sec) 194500 19:46.00 19:47.00 1948.00 19:49.00 19:50.00 19:51.00 19:52.00  19:53.00
235 STD6-4-1213 1 235 STD65-1213-6V 1 —— 235 STDG-6-1213-5V 1 ——— 235 STD6-10-1214-2X5-5V 1 235 STD6-11-1214-2X5-SV 1 —— 235 STD6-12-1214-2X5-5V. 1
40000 SISpSH 200000 S|SpLH
35000 -
30000 150000
25000 -
20000 . 100000 /
15000 N\ 50000
w00 e
5000 1 T T T T T T T - T T T T T T T
Time (min:sec)  19:45.00  19:46.00  19:47.00  19:48.00  19:49.00  19:50.00 195100  19:52.00 Time (minsec) 19:45.00  19:46.00  19:47.00  19:48.00  19:49.00 19:50.00  19:5L.00  19:52.00  19:53
235 STDG-7-1213SL 1 235 STD6-6-1213-SL 1 —— 235 STD6-9-1213-SL 1 —— 235 STD-10-1213-5Lv1 1 235 STD6-11-1213-51v1 1 —— 235 STD6-12-1213-SLv1 1
300000 SIPsLH 100000 SIPsSH
250000 80000
200000 - o)
150000 -
100000 - 40000
50000 20000
o et T T T T T T T T T T T
Time (minisec) 19:44.00  19:45.00 19:46.00 19:47.00 19:48.00 19:49.00 19:50.00 19:51.00 19:52,00  Time (minisec) 19:40.00 1 19:50.00 19:55.00 20:00.00
235 STD6-5-1213PSv2 1 —— 235 STD6-6-1213-PSv2 1

9:45.00
— 235 STD6-4-1213-PSv2 1

Fig. 3. Three replicated cases’ peaks of 4,4'-DDD using baffled glass liner by each case.

Straight inlet liner w/Wool

60,000,000
50,000,000

[}

£

T 40,000,000

©

o 30,000,000

o

©

¥ 20,000,000

g
10,000,000

SISvLH MISvLH

SISpSH

SIPsLH SIPsSH

SISpLH

——4.4'-DDD
—¥— Chlorothalonil

—&— Bifenthrin
—e— Cyhalofop—butyl

—— Captan
Tricyclazole

—>— Chlorfenapyr
—— Trinexapac—ethy|

Fig. 4. Average peak areas and standard deviations (error bar) of 8 representative pesticides using straight inlet liner w/Wool by each case.

< AAH oz vt A Bl Ale & 4 gleH, diR
& SIPsLH(Single Injection/Pulsed splitless/Long Holding
time(2.05 min))] oA 7P 2 WARS 2 A &
+ OW(Fig. 2), peak o] 7MY FSlstal A o] Fot
714 HAshe 92k A4 o= Qlth(Fig. 3). Wh, straight
inlet liner w/Wool2] 7%, SISVLH(Single Injection/Solvent
vent mode/Long Holding time(2.05 min)), SISpLH(Single
Injection/Splitless mode/Long Holding time(2.05 min)),
SIPsLH(Single Injection/Pulsed splitless mode/Long Holding
time(2.05 min)) F-¢-olA 2 HAGE 2 & & 9l

H(Fig. 4), 31 HHed A9lo] @A Y peak BgS HH

SISVLHO| 73-%7F 7V $& A& & o UtkFig. 5). 12
b ZE2Z 07 baffled glass liner®} straight inlet liner
w/Wool & 0]-83F 7L 24 9] 2L baffled glass liner
o A1) SIPSLHS] 7-9-9} straight inlet liner w/Wool2
SISVLH®] 7$-0]m, peak W2 o] gt U AHE/J(RSD, %)
7} peak FOKS/N H))S v|wste] ®opch 1 Ad} 8714 A
£ 2 trinexapac-ethylS A28t RE AEo|A HA 2 S/N
ratio7} 7| e peak7} F-515HH, RSD gho] 21| yeht
A &Ago] £ straight inlet liner w/Wool& ARE-3F SISVLH
o 57k 78 2 o2 YETtH(Table 4).
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SISvLH MISvLH
800000 | 200000
600000 | 150000 ‘
400000 - 100000
200000 50000
0 A 0
T T T T T T T
Time (mi:sec) 194600 19:47.00 19:48.00 19:49.00 19:50.00 19:5100 19:52.00 19:83.00  Tine (miisec) 19:46.00  19:47.00 19:48.00 19:49.00 19:50.00 19:51.00 19:52.00  19:53.00
—— 235 5TD64 1 2355TD65 1 —— 235 STD66 1 —— 2355TD61 1 2355TD62 1 —— 235 5TD6:3 1
25000 1
SISpSH w0 ] SISpLH
20000 -
600000
15000 1
400000
10000 1
200000
5000 1 _
0 1
T T T T T
Time (min:sec) 19:46.00 19:48.00 19:50.00 19:52.00 Time (min:sec)  19:44.00 19:46.00 19:48.00 19:50.00 19:52.00
—— 235 5TD6-4-sp 1 235 STD6-55p 1 —— 235 STD6-6-5p 1 —— 235 STD6-1-1209 1 235 STD6-2-1209 1 —— 235 STD6-3-1209 1
1e+006 SIPsLH 35000 SIPsSH
800000 30000
600000 2000
20000
400000 15000
200000 - 10000
a 5000
T T T T T T T T T T T T T T
Time (min:sec) 19:46.00 19:47.00 19:48.00 19:49.00 19:50.00 19:51.00 19:52.00 19:53.00  Time (minisec) 19:45.00 19:46.00 19:47.00 19:48.00 19:49.00 19:50.00 19:50.00 19:52.00  19:53.00
——— 235 STD6-1-1210 1 235STD6-2-1210 1 —— 235 STD6-3-1210 1 —— 235 STD6-1-1210-PSv2 1 235 STD6-2-1210-PSV2 1 —— 235 STDE-3-1210-PSv2 1

Fig. 5. Three replicated cases’ peaks of 4,4'-DDD using straight inlet liner w/Wool by each case.

Table 4. Repeatability expressed as relative standard deviation (RSD, %) and quant signal-to-noise (S/N) ratio obtained for the injection
of 10 puL of a standard solution containing 8 pesticides

Straight inlet liner w/Wool SISVLH Baffled glass liner SIPsLH
Compounds logPow Area ) Area )
S/N ratio S/N ratio
Avegage RSD% Avegage RSD%

4,4-DDD logP=6.02 15,224,007 13 11,394 5,060,053 5.7 2,992

Bifenthrin logP>6 22,494,602 0.5 7,374 8,187,716 5.0 1,704

Captan logh=2.8 22,682,542 2.1 3,478 11,265,057 2.7 1,619

(25C)

Chlorfenapyr logP=4.83 45,648,230 1.1 6,544 15,728,732 2.5 1,754

Chlorothalonil 102(‘52]) 5:(2])9 2 5,372,661 1.1 3,614 2,622,092 7.8 1,209

Cyhalofop-butyl 10*(‘5; 5=é)3 ! 6,891,357 1.7 1,821 2,387,232 3.0 504

Tricyclazole logP=1.42 5,015,415 44 1,978 1,968,010 5.1 628

Trinexapac-ethyl 105,};51)'5 1,452,953 18.6 434 2,726,309 1.1 684
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Table 5. Peak area and retention time of the 6 internal standards and quality control standard
Name of compound m/z for. RT Area (1=22)
quantification (min:sec) Average RSD(%)
4,4-DDD Ring-D8 243 19:49 698,297 10.0
Alpha-BHC 13C6 187 14:35 789,834 14.1
Atrazine D5 205 14:53 348,795 84
5 Linuron D5 124 10:49 2,069,113 153
Primicarb D6 166 15:53 1,103,602 35
Trans-permethrin 189 23:47 314,498 8.0
QC Triphenylphosphate 77 20:52 1,663,706 12.8
Table 6. Retention time (tg), linearity (R®) and recoveries obtained by QUEChERS sample preparation and PTV-GC/TOFMS analysis
No. Pesticide Quant Mass ‘tR Recovery (RSD), %, mean, n=4 N LOQ
(m/z) (min:sec) 50 ng/g 100 ng/g 400 ng/g (ng/g)
1 24-DDT 235 19:55.7 80(2) 75(3) 92(2) 0.9966 50
2 44-DDD 235 19:51.2 92(1) 2(2) 100(3) 0.9996 50
3  44-DDE 318 19:04.1 86(3) 81(2) 92(3) 0.9985 50
4 44-DDT 235 20:32.2 104(3) 83(3) 92(3) 0.9987 50
5 6-Benzyl aminopurine 225 21:41.3 ND 83(11) 88(5) 0.9993 100
6  Acephate 136 11:52.7 ND 93(21) 92(4) 0.9915 400
7 Acetamiprid 126 21:26.7 ND 83(10) 107(10) 0.9988 100
8  Acibenzolar-S-methyl 182 16:34.3 95(2) 91(4) 98(4) 0.9993 50
Acrinathrin:1 181 22:29.6 ND ND 119(9) 0.9991 400
Acrinathrin:2 181 22:46.2 108(7) 95(4) 94(4) 0.9990 50
10  Alachlor 160 16:30.8 97(3) 94(4) 101(3) 0.9988 50
11  Aldrin 263 17:15.0 93(4) 87(4) 91(3) 0.9998 50
12 alpha-BHC(HCH) 183 14:34.9 96(2) 92(3) 97(3) 0.9996 50
13 Anilofos 226 21:53.3 110(5) 94(5) 99(5) 0.9992 50
14  Azinphos-methyl 160 22:20.3 117(9) 101(5) 106(5) 0.9982 50
15  Azoxystrobin 344 27:57.5 104(1) 97(8) 104(5) 0.9992 50
16  Benalaxyl 148 20:21.2 109(5) 93(7) 98(4) 0.9950 50
17  Benfuresate 163 16:06.8 99(1) 97(2) 104(3) 0.9996 50
18  Benthiavalicarb-isopropyl 116 22:17.9 107(5) 92(2) 100(4) 0.9994 50
19  Benzoximate 170 13:12.3 ND 94(5) 90(1) 0.9997 100
20  beta-BHC(HCH) 183 15:39.9 90(2) 89(3) 100(3) 0.9996 50
21 Bifenazate 199 21:30.8 100(5) 88(3) 96(5) 0.9998 50
22  Bifenox 341 21:49.9 ND ND 98(3) 0.9998 400
23 Bifenthrin 181 21:252 80(8) 83(3) 97(4) 0.9998 50
Bitertanol:1 170 23:32.4 96(2) 93(2) 97(3) 0.9994 50
Bitertanol:2 170 23:40.4 ND 88(12) 93(7) 0.9982 100
25  Boscalid 140 25:05.4 89(5) 91(6) 101(5) 0.9993 50
26  Bromobutide 119 16:15.2 104(3) 97(3) 102(3) 0.9996 50
27  Buprofezin 105 19:13.4 108(5) 93(4) 100(5) 0.9994 50
28  Butachlor 176 18:37.0 101(2) 93(4) 101(4) 0.9996 50
29 Butralin 266 17:34.9 100(2) 89(2) 97(3) 0.9997 50
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Table 6. Continued
o Quant Mass R Recovery (RSD), %, mean, n=4 ) LOQ
No. Pesticide .

(m/z) (min:sec) 50 ng/g 100 ng/g 400 ng/g (ng/g)

30  Cadusafos 159 14:19.5 99(3) 95(5) 96(4) 0.9998 50
3] Cafenstrole 100 24:28.3 128(11) 83(13) 81(5) 0.9931 100
32 Captan 79 18:08.0 101(5) 90(3) 96(3) 0.9993 50
33 Carbaryl 144 16:29.8 105(10) 80(8) 93(7) 0.9984 50
34  Carbofuran 164 14:52.1 78(13) 73(8) 97(5) 0.9972 50
35  Carboxin 143 19:14.0 106(2) 96(2) 100(3) 0.9997 50
36  Carfentrazone-ethyl 312 20:17.6 104(4) 96(2) 104(3) 0.9998 50
37  Chlordane-cis 373 18:26.8 97(3) 88(2) 96(3) 0.9988 50
38  Chlordane-trans 373 18:44.1 93(5) 87(1) 95(3) 0.9983 50
39  Chlorfenapyr 59 19:30.2 103(5) 100(8) 102(5) 0.9984 50
40  Chlorfluazuron 321 18:44.0 117(4) 103(5) 112(2) 0.9990 50
41  Chloropropham 127 13:56.7 100(6) 97(6) 98(5) 0.9999 50
42 Chlorothalonil 266 15:45.2 143(131)  105(83) 11942)  0.9956 ND
43 Chlorpyrifos 197 17:16.7 86(6) 86(6) 98(4) 0.9982 50
44  Chlorpyrifos-methyl 125 16:22.9 99(4) 91(3) 97(3) 0.9997 50
45  Clethodim 176 20:04.4 ND ND 123(6) 0.9101 ND
46  Clomazone 125 15:01.3 96(3) 94(2) 102(3) 0.9994 50
47  Cyazofamid 217 19:16.8 106(7) 105(10) 112(9) 0.9998 50
48  Cyenopyrafen 57 21:47.9 106(4) 92(7) 83(3) 0.9992 50
49  Cyflufenamid 91 19:24.3 95(6) 92(2) 100(5) 0.9993 50
50 Cyflumetofen 173 22:11.4 117(9) 73(8) 65(2) 0.9938 50
Cyfluthrin:1 206 24:26.5 ND ND 100(3) 0.9996 400
Cyfluthrin:2 206 24:33.8 ND ND 104(3) 0.9996 400

! Cyfluthrin:3 206 24:41.2 ND ND 106(5) 0.9997 400
Cyfluthrin:4 206 24:44.1 ND ND 109(5) 1.0000 400
52 Cyhalofop-butyl 229 22:22.8 113(1) 101(4) 104(3) 0.9986 50
53 cyhalothrin 181 22:36.6 106(5) 96(4) 98(3) 0.9995 50
54  cyhalothrin-lamda 181 22:21.8 ND 110(11) 12110)  0.9962 100
Cypermethrin: 1 181 24:54.0 ND 89(6) 99(4) 0.9999 100

55  Cypermethrin:2 181 25:02.2 ND 81(12) 113(3) 0.9998 100
Cypermethrin:3 181 25:11.8 ND 101(3) 104(3) 0.9989 100
56  Cyproconazole 222 19:30.5 105(4) 98(6) 96(4) 0.9994 50
57  Cyprodinil 224 17:46.6 89(3) 87(3) 95(3) 0.9992 50
58 delta-BHC(HCH) 183 15:13.1 93(2) 91(3) 99(3) 0.9994 50
59 Deltamethrin 181 27:29.2 108(2) 96(5) 101(4) 0.9991 50
60 Diazinon 179 15:232 102(3) 96(4) 99(4) 0.9997 50
61  Dichlobenil 171 11:11.4 96(4) 97(2) 97(3) 0.9999 50
62 Dichlofluanid 167 17:04.2 ND 98(6) 99(6) 0.9975 100
63 Dichlorvos 109 10:13.2 99(5) 100(6) 105(3) 0.9995 50
64  Dicofol 139 17:22.6 87(2) 89(2) 103(4) 0.9988 50
65  dieldrin 79 19:11.2 100(1) 89(4) 97(3) 0.9996 50
66  Diethofencarb 124 17:05.2 99(5) 95(3) 102(2) 0.9989 50
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Table 6. Continued
o Quant Mass R Recovery (RSD), %, mean, n=4 ) LOQ
No. Pesticide .
(m/z) (min:sec) 50 ng/g 100 ng/g 400 ng/g (ng/g)
Difenoconazole: 1 265 26:59.6 89(15) 89(10) 92(3) 1.0000 50
o7 Difenoconazole:2 265 27:05.7 74(12) 82(6) 102(4) 1.0000 50
68  Dimepiperate 119 18:08.8 101(3) 91(3) 98(3) 0.9996 50
69  Dimethametryn 212 17:51.7 89(3) 88(2) 98(4) 0.9987 50
70  Dimethenamid 154 16:14.4 96(2) 95(4) 102(3) 0.9991 50
71  Dimethoate 87 14:47.4 ND 99(3) 104(4) 0.9998 100
Dimethomorph: 1 301 28:01.5 100(3) 94(3) 98(4) 0.9997 50
2 Dimethomorph2 301 28:28.8 106(4) 104(2) 104(4) 0.9995 50
73 Dimethylvinphos 295 17:15.7 93(7) 85(4) 97(5) 0.9973 50
74 Diniconazole 268 19:47.3 96(2) 89(3) 95(4) 0.9996 50
75  Dithiopyr 286 16:45.2 102(1) 95(2) 103(3) 0.9987 50
76  Edifenphos 173 20:25.6 98(3) 87(5) 90(5) 0.9991 50
77 Endosulfan alpha 159 18:41.8 ND 100(1) 99(3) 1.0000 100
78  Endosulfan beta 195 19:46.2 96(4) 93(4) 95(3) 0.9999 50
79  Endosulfan sulfate 272 20:32.6 115(9) 91(4) 98(4) 0.9985 50
80  Endrin 81 19:36.6 99(5) 91(2) 97(3) 0.9995 50
81 EPN 157 21:30.3 99(3) 91(2) 97(2) 0.9998 50
82  Esprocarb 91 16:57.0 102(3) 93(3) 993) 0.9998 50
83  Ethaboxam 183 23:51.8 ND 107(3) 85(5) 0.9991 100
84  FEthalfluralin 55 13:59.6 106(3) 96(2) 101(5) 0.9999 50
85  Ethofumesate 161 16:55.0 105(9) 96(2) 105(3) 1.0000 50
86  Ethoprophos 158 13:48.0 103(5) 96(3) 993) 0.9999 50
87  Etofenprox 163 25:19.6 79(26) 77(10) 94(6) 0.9998 100
88  Etoxazole 141 21:37.9 101(4) 90(2) 99(6) 0.9995 50
89  Etridiazole 183 12:06.7 98(5) 89(4) 90(3) 0.9999 50
90 Famoxadone 77 27:59.8 ND 95(6) 104(3) 0.9999 100
91 Fenamidone 238 21:454 105(2) 96(4) 102(3) 0.9991 50
92 Fenarimol 139 22:57.4 99(3) 93(3) 97(2) 0.9999 50
93 Fenazaquin 145 21:47.3 84(4) 72(3) 80(7) 0.9969 50
94  Fenbuconazole 129 24:30.9 102(4) 96(2) 101(5) 0.9999 50
95  Fenclorim 189 14:32.9 85(4) 81(6) 91(4) 0.9994 50
96  Fenhexamid 97 20:32.3 91(10) 87(3) 93(2) 0.9996 50
97  Fenitrothion 125 16:53.2 108(5) 98(2) 103(3) 0.9994 50
98  Fenobucarb 121 13:33.0 97(3) 97(3) 103(3) 0.9997 50
99  Fenothiocarb 160 18:28.1 100(4) 94(4) 101(4) 0.9998 50
100  Fenoxanil 189 19:32.8 107(3) 95(6) 102(4) 0.9993 50
101  Fenoxaprop-P-ethyl 288 23:14.4 107(5) 94(2) 101(4) 0.9994 50
102 Fenpropathrin 181 21:35.2 98(4) 93(4) 101(5) 0.9996 50
103 Fenpyroximate 213 14:53.2 96(9) 98(7) 96(4) 0.9999 50
104 Fenthion 278 17:15.1 96(3) 91(2) 100(3) 0.9988 50
Fenvalerate:1 125 26:18.5 83(20) 84(4) 96(2) 0.9994 50
105 Fenvalerate:2 125 26:37.3 72(46) 80(6) 99(7) 0.9970 100
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Table 6. Continued
No. Pesticide Quant Mass -tR Recovery (RSD), %, mean, n=4 ) LOQ
(m/z) (min:sec) 50 ng/g 100 ng/lg 400 ng/g (ng/g)
106 Ferimzone 239 18:13.8 113(9) 100(7) 95(7) 0.9965 50
107  Fipronil 367 18:01.7 108(3) 100(2) 102(3) 0.9998 50
108 Flazasulfuron 231 15:29.7 75(4) 74(6) 68(7) 1.0000 50
109  Fluacrypyrim 145 20:02.3 101(3) 96(2) 103(3) 0.9999 50
110  Fluazifop-P-butyl 282 19:23.9 103(3) 95(2) 103(3) 0.9998 50
111 Fludioxonil 127 19:01.1 102(2) 99(4) 102(3) 1.0000 50
112 Flufenacet 151 17:18.1 113(5) 91(5) 95(5) 0.9991 50
113  Flufenoxuron 126 15:45.6 112(6) 107(3) 111(4) 0.9999 50
114  Flumioxazin 354 26:25.2 101(9) 97(8) 105(3) 0.9978 50
115 Fluoroimide 259 14:44.1 ND ND 70(16) 0.9985 400
116 Fluquinconazole 340 24:00.5 103(6) 95(3) 102(3) 0.9996 50
117  Fluroxypyr-meptyl 255 20:46.5 ND 93(6) 101(6) 1.0000 100
118 Flusilazole 233 19:13.7 89(3) 89(2) 102(3) 0.9983 50
119  Flutolanil 173 18:48.8 100(3) 98(3) 105(3) 0.9996 50
120 Folpet 104 18:16.1 ND ND 91(13) 0.9927 400
121  Forchlorfenuron 128 11:37.1 ND ND 111(7) 1.0000 400
. Fosthiazate:1 97 17:38.2 ND ND 92(6) 0.9914 400
Fosthiazate:2 97 17:40.6 ND ND 94(4) 0.9984 400
123 gamma-BHC(HCH) 183 15:05.5 80(2) 85(2) 101(3) 0.9941 50
124 Haloxyfop-P-methyl 288 18:20.0 96(2) 93(4) 103(3) 0.9993 50
125 Heptachlor 100 16:34.8 89(1) 86(3) 94(3) 0.9989 50
126 Hexaconazole 83 18:52.5 101(2) 92(2) 94(3) 0.9995 50
127 Hexazinone 171 20:44.3 93(2) 90(2) 100(3) 0.9993 50
128 Hexythiazox 156 18:24.5 ND ND 106(3) 1.0000 400
129 Imibenconazole 125 28:52.7 96(4) 95(6) 99(3) 1.0000 50
130 Indanofan 139 21:50.5 108(6) 95(4) 102(3) 0.9996 50
131 Indoxacarb 150 27:22.0 120(4) 98(5) 98(2) 0.9976 100
132 Iprobenfos 204 15:50.3 93(4) 92(3) 102(3) 0.9987 50
133 Iprodione 314 21:14.1 ND ND 102(5) 0.9997 400
134 Iprovalicarb 116 19:02.9 117(4) 100(7) 101(4) 0.9981 50
135 Isoprocarb 121 12:52.5 95(1) 96(4) 103(3) 0.9998 50
136 Isoprothiolane 118 18:56.3 97(3) 94(3) 102(3) 0.9988 50
137 Isotianil 180 20:35.8 104(4) 95(3) 100(5) 0.9997 50
138  Kresoxim-methyl 116 19:16.1 98(2) 93(3) 103(3) 0.9986 50
139 Linuron 61 16:58.3 ND ND 99(5) 0.9973 400
140 Lufenuron 202 11:45.5 93(8) 99(1) 94(6) 1.0000 50
141 Malathion 173 17:02.3 111(3) 98(4) 102(3) 0.9995 50
142 Mefenacet 192 22:32.6 107(7) 94(3) 104(3) 0.9995 50
143 Mepanipyrim 222 18:36.6 95(3) 93(2) 102(3) 0.9993 50
144 Mepronil 119 20:01.6 100(3) 96(3) 103(3) 0.9995 50
145 Metalaxyl 160 16:35.7 105(3) 93(4) 97(2) 0.9996 50
146 Metamifop 180 30:38.0 ND 103(6) 102(4) 0.9996 100




1

412 22y - HolF - eiyE - AMY - 28 - OIKS - BME] - Aol - 54 - Y
Table 6. Continued
No. Pesticide Quant Mass -tR Recovery (RSD), %, mean, n=4 ) LOQ
(m/z) (min:sec) 50 ng/g 100 ng/lg 400 ng/g (ng/g)
147 Metconazole 139 21:50.6 107(4) 95(4) 102(3) 0.9996 50
148  Methabenzthiazuron 136 14:08.1 97(6) 99(3) 97(4) 1.0000 50
149  Methidathion 145 18:25.5 98(4) 90(4) 101(4) 0.9982 50
150 Methiocarb 168 12:58.0 99(6) 120(5) 12(5) 0.9995 50
151 Metolachlor 162 17:12.9 95(2) 92(3) 100(4) 0.9993 50
152 Metrafenone 379 23:16.1 106(5) 97(3) 102(4) 0.9993 50
153 Metribuzin 198 16:14.8 100(6) 95(3) 102(3) 0.9988 50
154 Molinate 126 12:54.3 95(3) 94(2) 95(4) 0.9998 50
155 Monocrotophos 127 14:143 111(11) 89(8) 97(6) 0.9994 50
156 Myclobutanil 179 19:10.7 114(3) 96(2) 103(3) 0.9985 50
157 Napropamide 72 18:49.6 84(15) 75(15) 99(8) 0.9989 50
158 Novaluron 142 11:27.8 126(14) 109(4) 116(9) 0.9998 100
159 Nuarimol 107 20:48.9 79(10) 80(6) 95(6) 0.9986 50
160 Ofurace 160 20:19.2 103(6) 96(4) 100(3) 0.9993 50
161 Omethoate 110 13:26.5 ND 112(17) 91(9) 0.9997 100
162 Orysastrobin 116 21:54.8 95(3) 87(4) 101(3) 0.9978 50
163 Oxadiazon 175 19:04.3 93(2) 89(3) 97(3) 0.9993 50
164 Oxadixyl 163 19:56.6 104(2) 93(4) 98(2) 0.9988 50
165 Oxaziclomefone 187 12:28.4 88(7) 112(5) 106(4) 0.9993 50
166 Oxyfluorfen 252 19:09.6 97(4) 93(4) 102(3) 0.9999 50
167 Parathion 291 17:17.8 100(4) 95(5) 102(4) 0.9999 50
168 Pencycuron 125 14:18.6 92(2) 95(2) 100(3) 1.0000 50
169 Pendimethalin 252 17:54.2 93(1) 87(3) 9@4) 0.9987 50
170  Pentoxazone 70 22:12.0 85(5) 87(3) 98(4) 0.9994 50
171  Phenthoate 274 18:07.4 97(3) 94(4) 104(3) 0.9981 50
172 Phorate 75 14:24.9 95(4) 92(6) 100(5) 0.9997 50
173  Phosphamidon 127 16:09.8 118(5) 89(4) 95(6) 0.9977 50
174  Phthalide 243 17:41.0 102(2) 96(2) 99(3) 0.9997 50
175  Piperophos 122 21:33.6 110(3) 96(4) 101(5) 0.9989 50
176  Pirimicarb 72 15:55.2 101(7) 96(5) 101(3) 0.9996 50
177  Pirimiphos-methyl 290 16:52.6 97(2) 91(2) 100(4) 0.9990 50
178  Pretilachlor 162 19:00.4 101(4) 94(6) 97(4) 0.9995 50
179  Prochloraz 70 24:04.2 ND 94(6) 92(4) 1.0000 100
180 Procymidone 9% 18:15.3 105(3) 100(4) 103(5) 0.9996 50
181  Prodiamine 321 16:51.0 102(3) 93(2) 99(3) 0.9999 50
182  Profenofos 97 18:58.7 108(4) 90(4) 96(4) 0.9981 50
183 Propamocarb 58 11:29.8 ND 60(6) 46(2) 0.9999 ND
184 Propanil 161 16:10.4 96(2) 96(2) 103(3) 0.9993 50
185  Propaquizafop 100 30:01.5 ND ND 106(5) 0.9943 400
186 Propiconazole: 1 259 20:25.8 ND 95(3) 93(6) 0.9999
Propiconazole:2 259 20:32.8 ND 91(4) 105(3) 1.0000
187  Propisochlor 162 6:34.0 107(3) 95(4) 100(3) 0.9996
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Table 6. Continued
No. Pesticide Quant Mass -tR Recovery (RSD), %, mean, n=4 5 LOQ
(m/z) (min:sec) 50 ng/g 100 ng/lg 400 ng/g (ng/g)
188 Prothiofos 113 18:55.5 98(2) 90(5) 93(3) 0.9999 50
189  Pymetrozine 98 19:00.1 ND 95(9) 93(5) 0.9949 100
190  Pyraclofos 138 23:09.6 120(6) 94(6) 97(6) 0.9983 50
191  Pyraclostrobin 132 26:25.7 136(22) 92(14) 107(9) 0.9938 100
192 Pyraflufen-ethyl 412 20:30.8 108(5) 98(4) 104(5) 0.9991 50
193 Pyrazolate 248 18:42.0 93(7) 99(4) 106(5) 0.9999 50
194 Pyrazosulfuron-ethyl 260 19:15.7 ND ND 81(18) 0.9997 400
195 Pyributicarb 108 21:10.4 91(2) 90(2) 101(4) 0.9994 50
196 Pyridaben 147 23:50.3 102(2) 94(3) 99(2) 0.9997 50
197  Pyridalyl 204 25:22.1 85(3) 82(4) 95(3) 0.9995 50
198  Pyridaphenthion 97 21:20.5 94(11) 86(11) 104(4) 0.9991 50
199  Pyriftalid 274 23:08.7 109(1) 98(3) 101(4) 0.9994 50
200 Pyrimethanil 198 15:23.5 94(2) 90(1) 97(3) 0.9992 50
201  Pyriminobac-methyl 302 20:34.5 98(4) 94(3) 103(4) 0.9990 50
202 Pyriproxyfen 136 22:18.8 92(1) 88(3) 101(3) 0.9991 50
203  Quinoclamine 172 17:06.1 111(4) 98(4) 104(3) 0.9997 50
204 Quizalofop-ethyl 299 25:08.7 108(5) 97(3) 106(4) 0.9994 50
205 Silafluofen 179 25:32.0 95(4) 89(6) 95(4) 0.9992 50
206 Simazine 201 14:50.1 101(3) 97(4) 102(3) 0.9999 50
207 Simeconazole 121 16:24.8 97(4) 92(4) 100(3) 0.9998 50
208  Simetryn 213 16:25.3 106(4) 95(1) 99(3) 0.9999 50
209 Spirodiclofen 71 23:41.2 95(9) 106(6) 91(5) 0.9995 50
210 Spiromesifen 57 21:12.8 91(4) 91(5) 93(4) 0.9994 50
211 Tebuconazole 250 20:46.0 82(24) 81(9) 95(7) 0.9994 100
212 Tebufenpyrad 171 21:39.6 102(4) 93(2) 97(4) 0.9996 50
213 Tebupirimfos 152 15:46.4 101(3) 94(5) 99(3) 0.9998 50
Teflubenzuron: 1 160 10:18.4 95(5) 89(6) 86(5) 0.9994 50
214 Teflubenzuron:2 141 10:54.2 98(4) 98(2) 106(4) 0.9999 50
Teflubenzuron:3 197 11:26.2 98(4) 108(6) 118(10) 1.0000 50
215  Tefluthrin 177 15:32.7 94(2) 92(2) 99(3) 0.9996 50
216  Terbufos 57 15:12.7 101(4) 94(4) 100(3) 0.9997 50
217 Tetraconazole 336 17:24.0 106(5) 98(4) 103(3) 0.9997 50
218 Tetradifon 111 22:05.9 101(10) 95(2) 101(5) 0.9998 50
219  Thiabendazole 174 18:04.3 95(5) 88(3) 94(5) 0.9998 50
220 Thiacloprid 101 26:08.1 ND 100(6) 112(4) 0.9986 100
221 Thiamethoxam 182 17:40.5 ND 98(6) 113(3) 0.9998 100
222 Thifluzamide 166 19:14.8 98(2) 95(3) 103(3) 0.9994 50
223 Thiobencarb 100 17:05.7 90(2) 88(4) 99(3) 0.9991 50
224 Tolclofos-methyl 265 16:28 4 92(2) 90(3) 100(3) 0.9988 50
225  Tolylfluanid 137 18:01.2 112(7) 103(7) 102(2) 0.9995 50
226  Tralomethrin 181 27:09.1 ND ND 105(6) 0.9971 400
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Table 6. Continued

o Quant Mass R Recovery (RSD), %, mean, n=4 5 LOQ
No. Pesticide .
(m/z) (min:sec) 50 ng/g 100 ng/lg 400 ng/g (ng/g)
227 Triadimefon 57 17:20.3 102(5) 95(3) 97(3) 0.9997 50
228  Triadimenol 128 18:07.7 104(4) 93(2) 96(2) 0.9995 50
229 Tricyclazole 189 19:07.8 101(4) 87(6) 97(4) 0.9995 50
230 Trifloxystrobin 116 20:24.4 78(4) 87(10) 100(5) 0.9997 50
231  Triflumizole 206 18:15.0 104(3) 95(8) 95(6) 0.9995 50
232 Triflumuron 139 12:06.1 ND 108(1) 116(5) 1.0000 100
233 Trifluralin 306 14:08.3 103(6) 95(3) 99(3) 0.9999 50
234 Trinexapac-ethyl 151 16:48.0 84(6) 78(8) 86(8) 0.9994 50
235  Vinclozoline 124 16:21.0 105(5) 97(5) 102(5) 1.0000 50
236 Zoxamide: 1 187 18:11.9 99(4) 106(3) 105(2) 1.0000 50
Zoxamide:2 187 21:03.4 109(9) 83(8) 92(5) 0.9987 50
ND: Not determined
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Fig. 6. The number of pesticides at each recovery range by each concentration.

AAE T 90% ool & Ieds Hilen, 70% nlvt
9] 8]4:8-2 34 H(1.3%)0| A TH(Table 6, Fig. 6). RSDZS
400 ng/g®] 70 SAE(2.1%)S A3t BE HHo|A 10%
ugko 2 oFF sl AlE AL & acetonitrileo]] AR &
7VeFA] ¢kar Eufigt Ail Anastassiades, 2004)¢} 2271
Ao =2 citrate bufferES #7}3} acetonitrile® Eujjot A3}
(Lee, 2011)9 4] propamocarb®] 3]4&2 H5F 75% o)A+
o F23 e Hloy 2 AYoAE 60%0]5tz A
238}t o)== pKa 9.59 7714 %9kl propamocarb
7} 2 Ao A AFE-E acetate bufferS A 7}5t acetonitrile
B 243} AFA R9] pHO|A acetonitrileZ 0 2 Z13)
HolHA] et ALz F5HIIe £ 8959 &

013} ¥ @7} 9lt}. Chlorothalonil-S 32§ &7 270 A

O

= B2 ForE0] 54| acetate buffers AREEOR

W B8-S £ & o8 AR ATl oA
© 35&0] 90%°]%F RSDo] 20%m|THe 2 943t oLt
(Lehotay, 2010) GCBE ARE & ARloA= 2l4&9]
RSDZ}o] 42-131%= 1§~ 14 GCBo| 2J3t chlorothalonil 2]
Erdst g&bo] olog 22t 18} chlorothalinil
0]2]9] cyprodinil, thiabendazole5} -2 HHLZ 9] FoF
E0 53l 3]4:87 RSDZHS Btk B4 LOQ(limit
of quantitation)= EU 7}o] =g}21(SANCO/10684/2009)9]|
wehA] 70-120%9] 3488 742 HA] RSD7} 20%0]519)
NS Eels 1 Ue WABEES et 1954
Ho| oko] 50 ng/g®] BAH LOQE K¢tk GC/TOFMS
9] AL GC-MS/MSe| H|3f| = WA full scang: B=

=



2 ot
o

QUECHhERSH®{ 1t PTV-GC/TOFMS 0| %

3to] library & Hl2Fo24 £4 23k A=
Atk wEbA 2 AFoA 27 QUEChERSH ¥} PTV-GC/
TOFMS 232 olg3sto] Bt obfof Hisef 4]
Z-8o] 7hssteet #

Ak

)
}\ée i.\'f?:—_l T

24

o
]

o/ 8 #

O

>

Anastassiades, M., S.J. Lehotay, D. Stajnbaher, F.J. Schenck
(2003) Fast and easy multiresidue method employing
acetonitrile extraction/partitioning and “dispersive solid-phase
extraction” for the determination of pesticide residues in
produce. J AOAC Int. 86(2):412-31.

Andrea Hercegova, Renata Huskova and Eva Matisova (2010)
Evaluation of different calibration approaches in pesticide
residues analysis in non-fatty food using fast GC-MS.
Intern, J. Environ. Anal. Chem. 90(3-6):188-204.

Anneli Kruve, Allan Kunnapas, Koit Herodes, Ivo Leito (2008)
Matrix effects in pesticide multi-reside analysis by liquid
chromatography-mass spectrometry, Journal of Chromatography
A, 1187:58-66.

Cajka, T. and J. Hajslova (2004) Gas chromatography-high-
resolution time-of-flight mass spectrometry in pesticide
residue analysis: advantages and limitations, Journal of
chromatography A, 1058:251-261.

Cajka, T., J. Hajslova, Ondrej Lacina, Katerina Mastovska,
Steven J. Lehotay (2008) Rapid analysis of multiple pesticide
residues in fruit-based baby food using programmed temperature
vaporiser injection-low-pressure gas chromatography-high-
resolution time-of-flight mass spectrometry, Journal of
chromatography A, 1186:281-294.

Cunha S.C., Steven J. Lehotay, Katerina Mastovska, Jose O.
Fernandes, Maria Beatriz, P.P. Oliveira (2007) Evaluation
of the QUEChERS sample preparation approach for the
analysis of pesticide residues in olives, J. Sep. Sci., 30:
620-632.

Dalluge, J., M. van Rijn, J. Beens, R.J.J. Vreuls, U.A.Th. Brinkman
(2002a) Comprehensive two-dimensional gas chromatography
with time-of-flight mass spectrometric detection applied to
the determination of pesticides in food extracts, Journal of
chromatography A, 965:207-217.

Dalluge, J., RJ.J. Vreuls, J. Beens and U.A.T. Brinkman (2002b)

415

5t AFA|Z & 236F SOto| EAIEA

Optimization and characterization of comprehensive two-
dimensional gas chromatography with time-of-flight mass-
spectrometric detection (GC x GC-TOF MS), J. Sep. Sci.,
25(4):201-214.

http://www.quechers.com

Jose Angel Gomez-Ruiz, Fernando Cordeiro, Patricia Lopez, Thomas
Wenzl (2009) Optimisation and validation of programmed
temperature vaporization (PTV) injection in solvent vent
mode for the analysis of the 15+1 EU-priority PAHs by
GC-MS, Talanta, 80:643-650.

Leandro C.C., Peter Hancock, Richard J. Fussell, Breendan J.
Keely (2007) Quantification and screening of pesticide residues
in food by gas chromatography-exact mass time-of-flight
mass spectrometry, Journal of Chromatography, 1166:152-162.

Lee, S. W., J. H. Choi, S. K. Cho, H. Yu, A. M. Abd El-Aty,
J. H. Shim (2011) Development of a new QUEChERS method
based on dry ice for the determination of 168pesticides
in Paprika using tandem mass spectrometry Journal of
Chromatography A 1218; 4366-4377.

Lehotay, S.J., de Kok A, Hiemstra M, Van Bodegraven P
(2005) Validation of a fast and easy method for the
determination of residues from 229 pesticides in fruits and
vegetables using gas and liquid chromatography and mass
spectromethric detection. J] AOAC Int. 88(2):595-614.

Lehotay, S.J. (2007) Determination of pesticide residues in foods
by acetonitrile extraction and partitioning with magnesium
sulfate: collaborative study. J AOAC Int. 90(2):485-520.

Lehotay, S.J., K.A. Son, H. Kwon, U. Koesukwiwat, W. Fu, K.
Mastovska, E. Hoh, N. Leepipatpiboon (2010) Comparison
of QUEChERS sample preparation methods for the analysis
of pesticide residues in fruits and vegetables, Journal of
Chromatography A, 1217:2548-2560.

Li Jing, Fengshou Dong, Jun Xu, Xingang Liu, Yuanbo Li, Weili
Shan, Yongquan Zheng (2011) Enantioselective determination
of triazole fungicide simeconazole in vegetables, fruits, and
cereals using modified QUEChERS (quick, easy, cheap,
effective, rugged and safe) coupled to gas chromatography/
tandem mass spectrometry, Analytica Chimica Acta 702:
127-135.

Pang G.-F, C.-L. Fan, Y.-M. Liu, Y.-Z. Cao, J.-J. Zhang, B.-L.
Fu, X.-M. Li, Z.-Y. Li, and Y.-P. Wu (2006) Multi-residue
method for the determination of 450 pesticide residues in
honey, fruit juice and wine by double-cartridge solid-phase
extraction/gas chromatography-mass spectrometry and liquid
chromatography-tandem mass spectrometry, Food Additives
and Contaminants, 23(8):777-810.

SANCO/10684/2009 (2009) Method validation and quality control
procedures for pesticide residues analysis in food and feed.
<http://ec.europa.ew/food/plant/ protection/resources/qualcontrol
_en.pdf>

Zrostlikova, J., J. Hajslova, T. Cajka (2003) Evaluation of
two-dimensional gas chromatography-time-of-flight mass
spectrometry for the determination of multiple pesticide



416

residues in fruit, Journal of chromatography A, 1019:173-186.
WAL, 29, WE+, A4 (2008) U8 sikE & Mot

EUE 9 PR Bk SRR 37111515
1522.

0]Z]¢], Douglas A. Lane, &ZH||, o|%%, 7143 (2009) Thermal
Desorption-comprehensive Two Dimensional Gas Chromat-
ography-time of Flight Mass Spectrometry (TD-GCxGC-
TOFMS)2 o83 A& 7] & PM2.5 7142 &4, 3=

S (2009) Risol Bl A 53, sokstal), 13(4) 718173181, 25(5):420-431.

335-348.

QUEChERS®1} PTV-GC/TOFMS 0|2 ZiRs MM Jjus st
AIZIE Z 2365 S22 SAEN
ZOF - HelY* - UE - AN - DR - OlHE - BME - 270 - 249 - A2
FENEE AH Y AR
2 o T HAE F AR BAL a4 AE MEL Gesh s DR AU/]71E ol 8ste] A
W S Ao ek S| o] eI Qlck. wheha] A4S WA MO WA SAREIIL 9l QUECHERS

(quick, easy, cheap, effective, rugged and safe) 1} PTV(programmable temperature vaporizer)7} -2 GC/TOFMS-&

H [e]
LR

s PTVEZS oHY

o-g-3}]

M(acetate bufferi]) 0.2 A A2 §t & PTV-GC/TOFMS=E £A5}0] 348
Heom 548(2.1%)= ALgt 2e dEolA RSDgEo] 10%H|1He = F53t A

23045(97%)0] 80-120%9] 3482

e EAh 7P W w29 50 ng/gd] Apollde HEEA 42 334Ee ARt 2034E F

70-120%9] IS
B

Q10 5o, QUEChERS, tHE-5A24,

=

HYon], 44482.0%) Aol e
A 2% QUEChERS 423} PTV-GC/TOFMS 54278 o] §a}o] 3} o2 2]

Fou] AT A 2E gAEe R 3% £204(50, 100, 400 ng/g) QUEChERS

29 ul

=

RSDE 2AW A1t 400 ng/g Lo Al

1= =

1974 5(97%) | Al
/3504 RSDko] 20%v]9he & Lhebyel. wehy 2 ol
2ok HAo] 7lsd AoR

Rl

PTV-GC/TOFMS






