
A terminal air gap has a negative effect on the reproducibility for 3 pesticides 
(Pentachlorophenol, Quintozene, Chlorfenvinphos). The others have lower %RSD values 
when an air gap is added except for gamma-HCH, which is unaffected by this parameter.  

 
Since Pentachlorophenol should be detected representatively in this study, an injector 
pressure of 350 kPa has been used for the liner comparison. The liner types taken into 
account are shown in Figure 1. The signal intensities for all compounds have been measured 
and compared at a concentration of 10 ppb. As expected, the differences are strongly 
compound related. Particularly, Pentachlorophenol could only be detected with 3 liners: the 
Shimadzu IP deactivated liner with wool, the Restek Single Taper Gooseneck with wool, and 
the Restek Double Taper Inlet Liner (Figure 2).  

3. Results 
Very often for splitless injections, high-pressure injection mode is used to sharpen the peaks 
and reduce the time in the injector inlet. Also the use of a terminal air gap in the syringe is 
quite common, particularly when using solvents that easily evaporate out of the syringe. 
Therefore, these two parameters have been investigated in this study (Table 3). The test 
measurements have been performed at a concentration of 10 ppb using a Single Taper 
Gooseneck liner with wool (Restek).  

PCB 101 as reference substance shows good instrument performance since the 
reproducibility (%RSD) in all series is below 2.5%. Using a higher initial injector pressure value 
of 350 kPa leads to a slight increase of the %RSD for nearly all pesticides. Exceptions are 
only found for Quintozene, where a small reproducibility improvement can be seen, and 
Pentachlorophenol, which shows a drastically lower %RSD. For Pentachlorophenol this is due 
to the fact, that the peak intensity is dramatically decreased at 350 kPa indicating a strong 
liner effect whose extent increases with the time spent in the insert. 

GC 
Instrument: GCMS-TQ8040 with AOC-20i (Shimadzu, Japan) 
Software: GCMSsolution 4.2 
Injector: Split/Splitless Injector  
Split: Splitless Injection (1 min) 
Injection Volume: 1 µL 
Column: Rxi-5Sil MS 30 m, 0.25 mm, 0.25 µm 
GC Oven: 80 °C, 1 min, 20 °C/min to 300 °C,  1min 
Quadrupole resolution Q1 0.8 u, Q3 3.0 u 
MS 
Transfer Line: 280 °C 
Ion Source: 200 °C 
Emission Current: 130 µA 
Ionization Mode: EI, 70 eV 
CID Gas: Argon (200 kPa) 
Acquisition Mode: MRM 
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1. Injector inserts in GCMS instruments 
Beside the simple classification of dividing into split and splitless injector inserts, there is a 
variety of liner geometries, fillings and deactivations available on the market the user has to 
choose of. Many applications, however, include compounds that show a behaviour strongly 
dependent on the properties of the liner or the filling material. Especially pesticides reveal 
drastic differences when injected into different inserts, caused by adsorption and degradation 
effects on the surface. In the study presented here 5 different liners have been investigated 
with respect to compound discrimination using a pesticide mix. The two liners showing best 
overall performance additionally were compared regarding reproducibility of the signals. 

2. Test mix and analytical conditions 
For the liner tests a mix containing 10 pesticides and 1 PCB in isooctane was used (Table 1). 
PCB 101 is known to be quite unaffected by liner issues and therefore was included as a 
reference compound for checking the instrument performance to rule out non-sampling 
effects. The pesticides on the other hand are influenced to different extents by liner properties.  
Especially Pentachlorophenol and Bisphenol A are tricky substances typically derivatized for 
GCMS analysis to realize higher reproducibility.  

In addition, a reproducibility test at a concentration of 1 ppb has been performed with the 
Restek Single Taper liner with wool. The %RSD still revealed good results for most of the 
pesticides (Table 4). Especially, the Bisphenol A reproducibility was drastically increased 
compared to the 10 ppb results. In contrast, Quintozene, Chlorfenvinphos and alpha-
Endosulfan showed a strong decrease in the %RSD values due to quite small signal 
intensities. Pentachlorophenol was not detectable any more at this low concentration. 

4. Conclusion 
In the study presented here 5 different liners have been investigated regarding compound 
discrimination using a mix of pesticides including one PCB as reference substance for 
instrument performance. Only three of the liners did not discriminate Pentachlorophenol, 2 of 
them additionally being tested on reproducibility. Both the Shimadzu IP deactivated liner with 
wool as well as the Restek Single Taper Gooseneck with wool gave good reproducibility on 
most of the compounds at a concentration of 10 ppb. Even at 1 ppb also tested for the Restek 
liner the %RSD values still were below 8% for those components showing a reasonable 
intensity.  

Table 1: Test mix (in isooctane) 

Table 2: Analytical conditions 

Table 3: High-pressure and terminal air gap influence on reproducibility (%RSD)  

Figure 2: Pentachlorophenol signals on the 5 different liners investigated 

Figure 1: Liner types taken into comparison 

Shimadzu IP deactivated w wool Shimadzu empty liner w glass packing 

Shimadzu Liner (n=8) Restek Skyliner with wool (n=5) 
Compounds %RSD at 10 ppb %RSD at 10 ppb %RSD at 1 ppb 

2,6-Dichlorobenzamide 2.8 6.6 2.2 
Pentachlorophenol 6.4 25.5 - 

Quintozene 0.4 2.8 21.2 

gamma-HCH 1.7 2.5 3.3 

Nonylphenol 5.4 3.9 6.7 

Heptachlor 1.9 3.8 2.4 

Triadimefon 8.1 4.5 7.1 

Chlorfenvinphos 14.2 3.7 11.8 

PCB 101 3.0 2.4 2.1 

alpha-Endosulfan 10.2 12.5 48.8 

Bisphenol A 34.5 69.6 4.5 

Table 4: Reproducibility obtained comparing different liners 

Compounds 
2,6-Dichlorobenzamide 
Pentachlorophenol 
Quintozene 
gamma-HCH 
Nonylphenol 
Heptachlor 
Triadimefon 
Chlorfenvinphos 
PCB 101 
alpha-Endosulfan 
Bisphenol A 

In pesticide analysis the most common phase for capillary 
columns is Rxi-5Sil or similar. Therefore a Rxi-5Sil MS, 30m, 0.25 
mm, 0.25 µm column (Restek) was used in this study. To increase 
compound selectivity and follow high-sensitivity requirements of 
todays routine work, the compounds have been measured in 
MS/MS (MRM) mode. The transitions have been taken from the 
Shimadzu databases. The complete analytical conditions can be 
seen from table 2. To study injection parameter influence, these 
have been varied using one particular liner first. Then the 
pesticide behaviour in different liners has been investigated with 
respect to compound discrimination and reproducibility. 

High-pressure influence (n=5) Air gap influence (n=5) 
Compounds %RSD with 250 kPa %RSD with 350 kPa %RSD without air gap %RSD with air gap 

2,6-Dichlorobenzamide 4.4 6.6 6.6 3.3 
Pentachlorophenol 112.1 25.5 25.5 29.8 

Quintozene 4.7 2.8 2.8 3.7 

gamma-HCH 1.5 2.5 2.5 2.4 

Nonylphenol 3.1 3.9 3.9 2.5 

Heptachlor 1.6 3.8 3.8 1.7 

Triadimefon 3.5 4.5 4.5 3.1 

Chlorfenvinphos 2.3 3.7 3.7 4.7 

PCB 101 2.1 2.4 2.4 1.4 

alpha-Endosulfan 9.5 12.6 12.6 5.4 

Bisphenol A 12.3 69.7 69.7 24.9 

For the reproducibility comparison therefore only these 3 liners were of interest. Since, 
compared to the Restek Double Taper liner, the Single Taper liner produced a more promising 
Pentachlorophenol signal intensity, this insert was chosen to be investigated further in 
comparison to the Shimadzu IP deactivated liner. The results are summarized in table 4. With 
both liners, the reproducibility was below 9% for most of the compounds, whereas Bisphenol A 
in both cases showed high %RSD. Pentachlorophenol gave much better results with the 
Shimadzu liner than with the Restek one whereas for Chlorfenvinphos the situation was 
reverse. 
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Shimadzu Siltek deactivated w wool 

Restek Single Taper Gooseneck w wool Restek Double Taper Inlet Liner 

IP deactivated liner with wool (Shimadzu, # 221-48876-03) 

Siltek deactivated liner with wool (Shimadzu, # 961-01480-08) 

Empty liner with glass packing (Shimadzu, # 221-48335-01, 
                                                  # 221-41453) 

Single Taper  Gooseneck with Wool (Restek, # 567366) 

Double Taper  Inlet Liner (Restek, # 23457) 
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