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Gas Chromatography (GC) coupled with Time-of-Flight Mass Spectrometry (TOFMS) is 
an excellent tool for water analyses. With TOFMS, the ions’ mass-to-charge ratio (m/z) 
is determined via time measurement. The fi rst TOFMS was developed in the 1950s, by 
Dow, and as the technology has been refi ned, the popularity and usefulness of this 
technique has grown. With TOFMS, one sample run results in the full mass range data, 
with no compromises needed in acquisition rates. In addition, there is no spectral skewing 
with changes of analyte concentration, unlike with scanning mass spectrometers like 
quadrupoles. 

These two advantages allow a suffi cient number of high quality mass spectral data points 
to be collected across even very narrow peaks, regardless of concentration, which is vital 
for accurate and reliable deconvolution to occur. It allows both Target Analysis and Non-
Target Screening to occur simultaneously, enabling additional investigation, perhaps to 
monitor trends and patterns in the types and levels of other chemicals. Since all of the 
data is already collected, this also allows a historical record to be built up, so if a new 
contaminant is discovered, for example, previous samples can be checked to see when it 
started appearing.

Figure 1. A comparison of TOFMS and Scanning MS chromatograms over the entire GC peak 
width. As the analyte concentration changes, the mass spectra remains consistent with TOFMS.

TOFMS provides more than just quality data: it can provide quality data quickly and 
cheaply. Depending on the instrument chosen, GC-TOFMS can be set up to run with 
hydrogen as a carrier gas instead of helium. This is much more budget-friendly with the 
rising cost of helium, and it doesn’t take much of an initial investment. 

Method transfers can be handled easily with online tools, and by swapping out the column 
for a narrower, shorter one, the same sort of spectral resolution can be obtained in a 
fraction of the time. 

Using a GC-TOFMS with an open ion source is another way to ease some strain on your 
analyses: an open ion source minimises the interaction of sample ions with the surfaces of 
the instrument, eliminating the need for cleaning. 

This is especially useful when combined with hydrogen as the carrier gas, which is 
frequently seen as problematic for robustness and mass spectral continuity with typical 
ion source designs. An open ion source design in your instrument eliminates that concern 
entirely.

Figure 2. A comparison of chromatograms for the same sample run with helium and hydrogen 
carrier gases and a close-up of trichlorophenol with helium and hydrogen carrier gases. 
Chromatogram 1 shows helium carrier gas and a run time of more than 30 minutes with a 
resolution of 1.66. The library match confi dence is 941. Chromatogram 2 shows the same 
sample run with a direct method transfer to hydrogen carrier gas. The run time has dropped 
to less than 10 minutes with a resolution of 1.58 and a library match confi dence of 935. 
Chromatogram 3 uses the same sample with the method optimised for speed. The run time is 
now less than 8 minutes, and the resolution is 1.51.

Even with all the benefi ts of GC-TOFMS, sometimes it isn’t enough for challenging water 
matrices. This is where GCxGC comes into play as an additional tool for your laboratory. 
The original two-dimensional GC was called ‘Heart-Cut’ chromatography, where just a 
specifi c portion of the effl uent from one column is diverted to a different column for a 
wide-peaked slice of additional information. However, true comprehensive GCxGC traps 
the entire effl uent from the fi rst column with a modulator, which then re-injects the entire 
sample into a secondary column for a huge increase in chromatographic peak capacity and 
increased sensitivity. Various modulators can change the level of results you can obtain, 
allowing you to customise your instrument to your budget, but in all cases, using GCxGC-
TOFMS results in improved deconvolution and more confi dence in your samples. 

The tools of TOFMS don’t stop with comprehensive two-dimensional GCxGC analysis. As 
the name Time-of-Flight implies, the fl ight time is very important to TOFMS. The longer the 
ions’ fl ight path is, the higher the resolution of the spectral results can be. High Resolution 
TOFMS (HR-TOFMS) is actually possible with innovative techniques such as a folded fl ight 
path using gridless mirrors and periodic ion lenses to refl ect the ions back and forth, 
leading to mass resolution modes of 25,000 or 50,000. HR-TOFMS can be done with both 
one-dimensional GC or comprehensive GCxGC analyses.

Environmental analysis of water samples is often an underappreciated aspect of monitoring or processing infrastructure. It certainly isn’t easy: whether it’s checking 
for pollutants in a river or the quality of drinking water, water samples frequently have complicated, dirty matrices. They can foul up instruments, requiring downtime 
to clean ion sources, and often have heavy co-elution of analytes, making identifi cation diffi cult at best. While many countries have regulations in place to maintain 
safe levels of various chemicals, no written list can contain every last signal that might be concerning. Where can you start if you don’t even know what you’re 
looking for?
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There are plenty of other tools available to work in conjunction with TOFMS. Multi-mode 
ion sources allow ion mode switching without needing to make manual adjustments 
to your instruments, with Electron Ionisation (EI), Positive Chemical Ionisation (PCI), and 
Negative Chemical Ionisation (ECNI) modes enabling you to obtain a full chemical profi le 
much more conveniently than ever before. This is especially useful for non-target screening 
and environmental analysis with compounds such as Endosulfan, which reacts very 
differently whether it’s being analysed with EI or ECNI modes. 

The technology isn’t limited to just the hardware. TOFMS software has developed 
immensely since those early 1950s days, with automated tools allowing for confi dent 
deconvolution, library matching, and data set comparison. Data can be outputted to a 
variety of plots and charts and heat maps to enable you to zero in on the areas of your 
data that are the most interesting without spending signifi cant time just trying to fi nd 
those areas in the fi rst place.

When all you have is a hammer, everything looks like a nail. Make sure you have more 
tools at hand for the most effi cient and thorough environmental water analysis, so you 
aren’t just brute-forcing your samples to give you results.

Read, Share and Comment on this Article, visit: www.labmate-online.com/article

Figure 3. A wastewater sample with a huge matrix overload. As you can see, even with this nasty 
chromatogram, PCB 23 and 24 are clearly separated from a number of matrix interferences and 
column bleed. This separation, along with the fast acquisition speed and quality of mass spectra 
from TOFMS, allows for the confi dent identifi cation of species and library matching as shown in 
the inset.

Figure 4. These chromatograms show an example of the EPA 8270 standard analysed using the 
different ion modes and the different profi le of responses. The inset shows how Endosulfan’s 
chromatograms are different based on the type of ion mode used.

Organic Pollutant Analysis in Environmental Samples
Determination of organic pollutants in environmental matrices is a common task for thousands of environmental laboratories worldwide. 
Conventional sample preparation methods, making use of large solvent volumes and involving intensive sample manipulation, can increase the 
overall laboratory costs.

Speed up your process whilst reducing reagents consumption using microwave enhanced extraction with a Milestone EthosX from Analytix. Contact 
the experts to explore the advantages of reducing processing time and analysis costs for the determination of organic pollutants, like PAHs, PCBs, 
Pesticides, Phenols, Phthalates, EOM, Dioxins. TPH’s, and Furans.

More information online: ilmt.co/PL/jALV

 57441pr@reply-direct.com

On-line TOC Analyser for Pure Water Applications
Shimadzu’s, TOC-1000e ((UTM)), is the first analyser in the eTOC series of on-line TOC analysers designed for pure water applications. 
The eTOC series’ main focus is on miniaturisation, high sensitivity and a mercury-free oxidation technique. The pioneering TOC-1000e 
system has the world’s smallest and lightest cabinet and provides high-sensitivity detection, making it ideal for fields requiring high-purity 
water applications. This covers manufacturing, including pharmaceuticals, semiconductors, food & beverages, chemistry and precision 
equipment.

Total organic carbon (TOC) analysers are used to rapidly quantify organic substances in water, allowing decisive process intervention. 
Among many fields of application, they are used mainly for water quality control and environmental investigations. Shimadzu’s world-
leading TOC analysers are well-suited to laboratory and on-line analysis of environmental and wastewater. The eTOC series will be 
Shimadzu’s first on-line TOC analyser designed especially for pure water measurements.

The TOC-1000e provides enhanced robustness in the ultra-low measurement range. With its small footprint of less than A4 size, it can be 
installed flexibly – either as table-top, wall-mounted or pole-mounted.

Conventional TOC analysers for pure water utilise mercury UV lamps as the light source within the instrument. To provide a more 
environmental-friendly alternative, the eTOC series is the first analyser in the world to use an excimer (short for ‘excited dimer’) lamp 
rather than a mercury lamp.

The ‘Active-Path’ flow line design maximises lamp power by integrating the sample flow channel and the light source. This minimises 
sample residue in the flow channel and eliminates interfering air layers, so high sensitivity is maintained over long-term use. This new 
design also contributes to making the eTOC series instruments small and light.

The TOC-1000e combines high-sensitivity and easy-to-use features benefiting effortless data management, efficiency and handling: state-of-the-art oxidation technology in the smallest casing; easy-to-use 
and to maintain design improves efficiency; support for Regulatory Compliance.

More information online: ilmt.co/PL/1zdr  57596pr@reply-direct.com
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