
A. Gravell2, P. Kutty2, S. Smith1, G. Mills3 and Júlio César Cardoso da Silva4 
1Markes International, Gwaun Elai Medi-Science Campus, Llantrisant, RCT, UK; 2Environment Agency Wales, Llanelli, UK; 3University of Portsmouth, UK; 4Nova Analítica, São Paulo, SP, BR 

The last decade has seen increasing demands to protect and enhance water quality. The majority 

of analytes of concern are organic compounds, and to monitor all such analytes in a single run 

using one method demands high sensitivity across the entire sampling and analytical system.  

The high complexity of water samples call for a chromatographic technique able to cope with 

closely eluting compounds and the identification of trace-level target and non-target compounds. 

Comprehensive 2D gas chromatography (GC×GC), with its vastly expanded separation space, 

offers significant advantages over conventional single column chromatography in such cases. 

Despite this increased separation capacity, the identification of individual compounds in complex 

samples may be further complicated due to weak molecular ions or when similar mass spectral 

characteristics are evident across entire chemical classes.   

Select-eV® is a new innovation in ion source technology that aims to solve this problem by the 

ability to switch between hard and soft electron ionisation with no inherent loss in sensitivity. The 

use of soft electron ionisation enhances the intensity of molecular and structurally-significant 

fragment ions, magnifying differences between isomeric spectra and, by consuming less 

instrumental dynamic range, a wider concentration range of analytes can be supported in any 

single analysis. 

This poster provides an introduction to Select-eV, as applied to GCxGC–TOF MS for the 

identification of polycyclic aromatic hydrocarbons (PAHs), polychlorinated biphenyls (PCBs) and 

pesticides in a complex watercourse extract. In addition, the ability to detect non-target 

compounds is exemplified by the identification of polycyclic musks. 
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 Conclusion 

This work demonstrates that BenchTOF instruments, in conjunction with GC×GC, provide a high-

performance solution for analysing the complex extracts resulting from sampling of pollutants in 

watercourses.  

A number of features of the GC×GC–TOF MS system combine to give excellent results for this 

demanding application. Firstly, the vast separation space afforded by GC×GC methodology and the 

narrow peak widths in the second dimension provide a high degree of analyte separation. At the 

same time, the high data-rate and sensitivity of BenchTOF instruments maximises prospects for 

detecting trace-level compounds, while the quality of the spectra produced enhances confidence in 

compound identification.  

For the analyst, these features translate into the ability to detect a wide range of target compounds 

and unknowns in a single analysis. Here, as well as identifying individual chemicals in three 

important groups of target compounds (PCBs, PAHs and pesticides), we were able to confidently 

identify ‘unknowns’ with minimum additional effort. This makes the method as a whole suitable for 

both investigative work – such as screening for emerging contaminants – and target-focused 

studies. 
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GCxGC and MS Parameters 

 Theory 

Figure 1: Illustration of thermal emissions in electron 

ionisation. A: Conventional 70 eV ionisation. B. The 

space-charge limitation in conventional (EI) GC–MS 

systems at low ionisation energy. C: How the Select-

eV ion source overcomes this problem. 

In GC-MS analyses, a potential difference (or 

electron energy) of, conventionally 70 eV, 

exists between the ion chamber (anode) and 

the e-gun (cathode). In this electrical 

configuration, thermionic electrons are easily 

accelerated away from the surface of the 

filament and directed through an aperture in the 

ion chamber wall for normal electron ionisation 

(Figure 1A). 

In a properly constructed ion source, small 

variations in the electron energy, impart very 

small differences to the ionisation efficiency 

and thus the ion flux, available for gating into 

the mass analyser, resulting in reliable and 

repeatable mass spectral results.   

However, at lower ionisation energies, electron 

emission from the filament becomes space-

charge limited.  Electrons are not efficiently 

directed into the ion chamber, due to the lower 

potential difference between the anode and 

cathode, resulting in electron clustering around 

the filament, which further shields the potential 

difference (Figure 1B).  

Until now, the space-charge limitation has hindered the use of low ionisation energies in 

conventional EI GC-MS due to the resulting catastrophic loss in sensitivity. In the Select-eV ion 

source, depicted in Figure 1C, an additional electrostatic element is placed between the e-gun 

and the ion chamber. In this configuration, electrons emitted from the filament are channelled 

efficiently into the ion chamber at the defined electron energy.  

Therefore, the signal is improved by reducing coulombic effects and increasing the number of 

electrons produced by the filament. This improves instrument sensitivity at low ionisation energies 

and allows soft ionisation in an e-gun arrangement. 

Figure 2: Overlaid 2D extracted-ion chromatograms for dichloro- to 

heptachloro-biphenyls (m/z 222, 256, 292, 326, 360 and 394, each ±1 m/z 

unit) for the spiked sample. The circle highlights what would be a co-

elution in 1D GC. Inset: 3D surface plot of the same region, emphasising 

the excellent peak shape. 

Spectral quality 

The combination of the efficient thermal modulator and optimised chromatography ensure that the 

peaks are highly symmetrical, as illustrated in the inset to Fig. 2. The use of a BenchTOF 

instrument ensures that these peaks contain ‘reference-quality’ spectra, which is particularly 

important for the analysis of pesticides, many of which have complex mass spectra. 

Results 

Use of extracted-ion chromatograms 

Being chemically similar, the PCBs cover a well-defined region of the 2D chromatogram. 

Assignment of chlorination level was readily achievable, and Figure 3 shows an overlay of 

extracted-ion chromatograms for molecular ions of 22 dichloro- to heptachlorobiphenyls. 

The second dimension results in a high degree of separation, a case in point being a 

trichlorobiphenyl and a tetrachlorobiphenyl (circled), which would have co-eluted in a 1D analysis. 

Figure 3 shows the spectral quality for dieldrin and endrin by comparison against those in the 

NIST 2011 library. Note in particular the preservation of the low-intensity molecular ion for dieldrin, 

and the good intensity matching of the complex fragmentation pattern for endrin. 

Figure 3: 3D surface plot showing dieldrin and endrin, and comparison of the obtained 

mass spectra (top, red) with the NIST 2011 library spectra (bottom, blue). 

Screening of unknowns 

The 10,000 spectra per second acquired by 

BenchTOF instruments makes them 

inherently suitable for the identification of non-

target (‘unknown’) compounds.  

This is illustrated in Figure 4, which shows the 

detection of several polycyclic musks – so-

called ‘emerging contaminants’ that are of 

current concern because of their potentially 

harmful effects on aquatic life. 

Figure 4: Overlaid 2D extracted-ion 

chromatograms for m/z 215, 229, 

243 and 258, showing identification 

of several polycyclic musks. 

GC:   Fitted with a ZX1 cryogenic modulator (Zoex Inc.)  

PTV Injector:   60°C (0.05 min), 300°C/min to 320°C (1 min), 720°C/min to 360°C held to end of run  

Splitless for 2 min (then 100 mL/min purge) 

Carrier gas:   He, constant flow at 1.5 mL/min 

Column set: 1st dimension: SGE BPX5, 30 m × 0.25 mm × 0.25 μm 

2nd dimension: SGE BPX50, 3 m × 0.1 mm × 0.1 μm 

Modulation loop:  As for 2nd dimension 

Temperature programm: 

Main oven: 50°C (2.0 min), 5°C/min to 320°C (8 min) 

Secondary oven: Not applicable 

Hot jet: 150°C (2.0 min), 5°C/min to 400°C (hold time matched to total run time) 

Cold jet: Dewar fill high 60%, Dewar fill low 50%, 

Cold jet flow: 15 L/min 

Modulation period: 5 s; Hot-jet pulse 350 ms 

Total run time:  64 min 

MS: BenchTOF (Markes International) 

Ion source and Transfer line:  300°C 

Mass range:  m/z 40–500 

Data rate: 50 Hz (200 spectral accumulations per data point) 

Software:   

Image processing: GC Image™ (GC Image, LLC) 

Experimental 

The Select-eV e-gun has been integrated into the BenchTOF-Select™ time-of-flight mass 

spectrometer, allowing generation of electrons over a wide, tuneable range of energies (10–70 

eV). The electron beam is focused into an ionisation chamber that also acts as an efficient 

extraction chamber for the TOF instrument, maximising ion transmission rates into the mass 

analyser. This arrangement proved to be extremely sensitive. 

A standard solution (10 ng/μL) was prepared from custom mixes of PCBs, PAHs, and 

organochlorine, organophosphate and triazine pesticides. 

For sampling and extract procedures please consult www.analiticaweb.com.br, downloads, 

aplicações técnicas. 

Extracts were evaporated to 500 μL under N2, made up to 1 mL with n-hexane, and split into 2 

equal portions. The first was transferred to a 2 mL vial, and the second was spiked with 5 μL of 

the standard solution. 
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