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In m r i y a d ~ p a l ~ ~ e a r t h e r e k a ~ t o s a w t i m e i n  
~ m p k p a ~ i w r . ~ ~ ~ n h r g i h ~  
the wl13;m QuECW4 {Qukk, Cheap, Effldmt, 
Rugged and SafdqJ method hqs k e n  applied In many 
Iahatwb.  This M d l y  samp;le prepamtbn 
effort whep ampared with the fwme~ty d methad with 
a final gel pmwtim chfmatqaphy (GPC) dean-up 
step. Incon&&. when hrjeching thewtracts prepad by 
QuEthERS mnymtrh signals an h &serwd irl the 
GT-AA5 chmmtcgm, Full %an modes ate, therefwe, 
twwsaytopmtfalse pcrcridverrr false- 
dminatim of target mk&i k t  muld easily w r  
w h  d n g  the gas &mnaatography-m=s s p c b m e ~ y  
(GC-MS) q s t m  in the more sensitive sel- Pon 
monitoring (SIM). To reach a high sensitiuityfm routine 
w f k  ih il %ascan mode, firstty, ih G C 4 S s y s m  h d  
be d RigXI+mHity instrurnenkand m d i y ,  a large 
v o l w  kfectbn h&r im- the limk of quaMtcat:bn 
(WJ. 
In this &de a methad wiled rapid large d u r n  

in jech was 4 wkh a PW injection port (Optic 3, AT# 
GI. Intertratioral). Wolumes up to 50 pl. were hrJected with 
submyent full scan GC-MS runs and the qrca~t iw 
~konwasdxckdbyrm1ysIngrwndmbjnWt 

samples. For the prognmmble tmpwetture vaporization 
(PW) hrtsp&at dn- g,k,tiners wre wed.,They 
do rmt haw any firling mafeial, pmming decmpdtian 
of fragile wicks. Capadty forthe ta7gemwdwe 
ip jdm lsachtedhyttre rough inner surfaceof the 
linen. Thb surface was 'SlLfEi  dexhttd, To m?mapie 
t k w h d e p m s  aheraline~wasdir&(che&d by a 
special dqadation r&tW the UN€X automatic tim 
m c h p  was imkdhd ,and after shut 80 injdons 
the system peffomed the lim e ~ n g e a w p o ~ l l y .  
The compound &ks mpdse af awr 500 pwidds. 
I l n W o n  of the tar@$ mnpmmd was prbmd by 
d w c h g  full mcsgecha and by &ng tinear retention 
' d k e s a ~ ~ ~ l l y  checked as an ac4dkbat filmmter 

Sample Preparatian 
The procedure inr0IM the extraction of 10 g sample W h  
10 mL wetonltiile. fdtowed by a liquid-~uid-partitiming 
r ~ e p W d b ~ a d d r k 1 4 g a n M m * M W 4 W 1 g  
NaCl, 1 g Ma&& and 0.5 g Na2Mtrat. The mpk 
dwn-up was p d m w i  using a rapid p d u r e  called 
dispersive sol id-pk &maion (w, IR whkh 1% mg 
,anhydfw MgSb4 and 25 mg pff mry m # a t y  amine 
fPSA)sorb&rrt are m h d  with I rntad6nWe extract. 
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After a second mixing and centrifugation step, the extract 
was transferred to autosampler vials for concurrent analysis 
by large volume GC-MS. 

Experimental Conditions 
The instrumentation was a GCMS-QP2010 Plus (Shimadzu 
Europa GmbH) with Optic 3 injector (ATAS GL International), 
AOC-5000 autoinjector (Shimadzu Europa GmbH) with an 
automatic glass liner exchanger option (LINEX, ATAS GL 
International). The chromatographic conditions were: 
VF-5-MS EZ guard column 30 m x 0.25 mm, 0.25 pm 
with an integrated retention gap of 10 m. The column 
temperature was set to 50 "C for 1 min (hold) then with 
40 "Clmin to 150 "C followed by 4.6 "Clmin to 280 "C for 
28.24 min, with a mean linear velocity of 30 cmls (He). For 
the Optic 3 injector the temperature was set to 55 "C during 
the period of the solvent venting time and then ramped 
with 15 "CIS to 280 "C for the rest of the analytical run 
(59.75 min). The solvent venting at low temperature (55 "C) 
was optimized and finally set to 38 s at a split ratio of 50:l. 
The split was further programmed to transfer the analytes to 
the column. 

This was achieved by closing the split after the venting 
time for 2 minutes (analyte transfer). The split was then 
reopened to 10:l to purge residual solvent out of the liner. 
The injection volume was finally set to 30 pL. The Optic 3 
is heated by direct ohmical heating. This leads to liner inner 
diameters of this PTV of about 3.4 mm, corresponding to 
typical hot splitlsplitless liner dimensions. 

It is possible to ramp the Optic 3 up to a maximum of 
30 "CIS even using these liners, which is in contrast to 
conventional PTVs that have indirect resistive heaters and 
correspondingly have typical inner diameters of about 
1-2 mm. This has a strong influence on the method 
development in large volume injections. For the Optic 3 the 
injection speed up to about 100 pL is not as critical and, 
therefore, the liquid can be injected rather quickly [rapid 
large volume injection (RLVI)] while in the latter case a speed 
control of injection is important. 

The mass spectrometer was operated in full scan mode 
to minimize false positive or false negative identification. 
The scan range was set to 50-550 mlz. The ion source 
temperature and the interface was set to 200 "C and 
320 "C, respectively. 

Results 
The correct liner choice is critical to the success of any pesticide 
analysis using PTV injection. The liner must be thoroughly 
deactivated or many labile pesticides may decompose or 
adsorb in the inlet. For large volume injections the capacity 
of the glass insert is crucial. Any filling material such as glass 
wool or TENAX used in classical large volume injections that 
increases the injection volume capacity has to be avoided 
even if deactivated. For this reason, a glass insert with a 
rough surface (sintered glass liner, ATAS GL International) was 
chosen. With these glass liners the inner surface is covered by 
many small quartz beads to have a larger surface. When using 
a syringe with a side hole needle the liquid injected will be 
sprayed onto the wall surface of the liner. External experiments 
showed that even a 50 pL acetonitrile injection does not 
result in dropping any liquid out of the liner. These liners were 
deactivated by a double SILTEK (Restek) deactivation process. 

In Figure 1 such a liner is shown. The inertness of the 
glass insert after subsequent injections of pesticide matrix 

Figure 1: Sintered glass insert with glass beads on inner surface 
for Optic 3 with SILTEK deactivation. 
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was checked by a degradation of dichloro-diphenyl- 
trichloroethane (DDT) (also used in EPA 8270). The 
degradation of DDT must be below 20%. This was checked 
automatically in batch runs. 

After optimization of the Optic 3 injector parameters the 
analytical performance of the repeatability was studied. 
Pesticide free extracts were spiked with a pesticides mixture 
(10-200 pg/L) and 10 subsequent 30 pL injections were 
made; quantification was fully automated. The result of the 
relative standard deviations (RSDs) was calculated from the 
concentration and was about 4.3% or better. 

In the following steps the linearity of response was 
studied with standard solutions prepared in matrix extracts. 
The calibration curves generated from the matrix matched 

I Figure 2: Multiple pesticide-residue calibration run of a mixture of 
more than 50 pesticides on a VF-5-MS 30 m x 0.25 x 0.25 pm 
with an in t~nra t~d rptpntinn nan nf 10 m I 

Figure 3: Strawberry sample (Germany) from the field. The 
pesticides cyprodinil 0.016 mglkg, fludioxonil 0.022 mglkg, 
trifloxystrobin 0.005 mglkg, fenhexamid 1.078 mglkg, boscalid 
0.032 mglkg and azoxystrobin 0.189 mglkg. 1 
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1 Table I: Analytical data of a multi-residue pesticide mixture. r - 
No. 

-. 
1 
2 
3 
4 
5 
7 
6 
8 
9 

0 
1 

12 
'3 
4 
5 

16 
'7 
8 
9 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 

Substanc 

- T" 
Dichloranilin-3.5 161 
Dichlobenil 171 
Nitrapyrin 194 
Ethoprophos 97 
Terbuphos 57 
Disulphoton 88 
Ethrirnphos 153 
Flufenoxuron 126 
Desrnetryn 213 
Spiroxamin 1 100 
Fenpropidin 98 
Spiroxamin 2 100 
Fenitrothion 125 
Metolachlor 162 
Fenpropirnorph 128 
Tetraconazol 336 
Pirirniphos-Ethyl 333 
Pendirnethalin 252 
Cyprodinil 224 
Pyrifenox-z 92 
Pyriphenox-e 92 
Chinornethionat 206 
Mepanipyrirn 222 
Endosulphan-a 159 
Chlorfenson 111 
Fludioxonil 127 
Oxadiazon 175 
Myclobutanil 179 
Buprofezin 105 
Endrin 81 
Fensulfothion 97 
Endosulphan-b 159 
Trifloxystrobin 116 
Quinoxyfen 237 
Endosulphansulphate 272 

RI Conc. 

mg/kg 

1340 0.1648 
1354 0.01715 
1464 0.048 
1649 0.0408 
1789 0.035 
1823 0.0342 
1831 0.05958 
1848 0.19 
1885 0.0495 
1903 0.013 
1950 0.0103 
1955 0 
1959 0.0654 
1985 0.025 
1996 0.0105 
2008 0.053 
2027 0.0615 
2056 0.05 
2060 0.0245 
2077 0.0624 
2131 0 
2136 0.0548 
2158 0.051 
2158 0.23 
2179 0.0505 
2184 0.1261 
2195 0.0505 
2209 0.0565 
2212 0.05265 
2262 0.04905 
2276 0.05535 
2286 0.0655 
2345 0.1875 
2362 0.02625 
2371 0.04545 

- 
Straw 
berry 
sample 

mglkg 

0.016 

0.022 

0.005 

standards were used for quantification, so that possible 
errors as a result of enhancementlsuppression caused by the 
matrix effects could be minimized. All results were calculated 
using triphenylphosphate (TPP) as internal standard. 

For the analysis of carrot extracts, for example, the 
correlation coefficients obtained for the calibration plots 
of all analytes were in the range 0.989-0.999 in the 
concentration range of 0.002-1.3 mg1L. 

Applying this method, the lowest detection limit (LOD) 
for more than 500 analytes were in the range of 0.002- 
0.020 mglkg depending on the substance. 

Figure 2 shows the calibration run of a multiple 
pesticide-residue standard spiked with a blank strawberry 
sample. In Table 1 the retention times, linear retention 
indices (LRI) and concentrations are given. 

No. RT Substance m/z 

36 26.578 Fenhexarnid 97 
37 26.825 Hexazinon 171 
38 27.06 Propagite 1 135 
39 27.106 Tebuconazol 125 
40 27.119 Propagite 2 135 
41 27.238 Haloxyfop- 302 

ethoxyethylster 
42 27.251 Triphenylphoshat 77 

(TPP - INSTD) 
43 27.291 Piperonylbutoxid 176 
44 28.129 lprodion 314 
45 28.769 Fenpropathrin 97 
46 29.209 Fenazaquin 145 
47 30.728 Acrinathrin 93 
48 33.547 Cyfluthrin I 163 
49 33.624 Fenbuconazol 129 
50 33.702 Cyfluthrin 2 163 
51 33.868 Cyfluthrin 3 163 
52 34.081 Cyfluthrin 4 163 
53 34.764 Boscalid (Nicobifen) 140 
54 37.773 Pyraclostrobin 132 
55 41.268 Azoxystrobin 344 

RI 

2376 
2390 
2403 
2406 
2407 
2414 

2414 

2417 
2473 
2502 
2529 
2620 
2787 
2792 
2802 
2810 
2815 
2849 
2980 
3109 

Conc. 

mglkg 

0.097 
0.0555 
0.0217 
0.05275 
0 
0.067 

0.05 

0.01 5 
0.196 
0.0495 
0.01035 
0.0624 
0.0975 
0.029 
0 
0 
0 
0.0594 
0.1275 
0.1584 

Straw- 
berry 
sample 

mg/kg 
1.078 

0.032 

0.189 
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Figure 3 shows the TIC chromatogram and the ion sets 
of cyprodinil, fludioxonil, trifloxystrobin and boscalid of a 
strawberry sample from the field (Germany). The target ions 
shown in this figure correspond to a range of the LOQ of 
0.002-0.02 mglkg. The LOD for this strawberry example is 
in the range of 0.0005-0.001 mg/kg. 

Another critical point is the number of possible injections 
before the SILTEK deactivation is no longer stable enough 
to give reliable quantitative data. For this purpose, a 
degradation check standard was analysed to check the 
condition of the glass liner. A mixture of 5 ng pp'-DDT 
and endrin was periodically injected and analysed. The 
breakdown of ppl-DDT and endrin must be below 20%. 
pp'-DDD, pp'-DDE, endrin aldehyde and endrin-ketone 
are the metabolites from endrin and pp'-DDT. The check 
formula used was to calculate the total target areas of pp'- 
DDT + pp'-DDE + ppX-DDDItotal target areas of pp'-DDE + 
pp'-DDD x 100%. In a batch series every fifth injection was 
done with the degradation check standard diluted in matrix 
extram (for example apple matrix) and degradation check 
values were calculated. 

Summary 
The quantitative determination of rnuttiresidue pesticides 
in food matrix according to the QuEChERS method can be 
successfully combined with a rapid large volume injection 
(RLVI) and a full scan GC-MS method. 

The lowest determination limits (LOQ) were ~ 0 . 0 0 2  mg/ 
kg. The observed RSDs of 4.3% and below indicate a high 
precision in routine work. Up to 80 injections of RLVI of 30 pL 
into a SILTEK deactivated sirrtered glass liner were possible. 
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