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High-performance screening of pollutants in water
using GC×GC–TOF MS
Summary
This Application Note shows that BenchTOF and GC×GC
provide a high-performance solution for detecting pollutants in
the complex mixture of compounds extracted from
watercourses using passive samplers. Particular features are
the high degree of separation offered by GC×GC, and the
information-rich datasets produced by BenchTOF that allow
the detection of non-target compounds with little additional
effort.

The high compound loading and chromatographic complexity
resulting from passive sampling call for a chromatographic
technique able to cope with closely eluting compounds and
the identification of trace-level target and non-target
compounds (‘unknowns’). Comprehensive 2D gas
chromatography (GC×GC), with its vastly expanded separation
space, offers significant advantages over conventional singlecolumn chromatography in such cases.
This Application Note shows that BenchTOF instruments are
excellent detectors for use alongside GC×GC for the
identification of polycyclic aromatic hydrocarbons (PAHs),
polychlorinated biphenyls (PCBs) and pesticides in a complex
passively-sampled watercourse extract. In addition, the ability
to detect non-target compounds is exemplified by the
identification of polycyclic musks.
Background to BenchTOF instruments
Markes’ BenchTOF™ instruments are particularly appropriate
for the GC×GC analysis of complex samples such as water
extracts, for the following reasons:

Introduction
The last decade has seen increasing demands being placed
on regulators to protect and enhance water quality. The
majority of analytes of concern are organic compounds, most
of which are sufficiently volatile to be amenable to analysis by
GC–MS.
To monitor all such analytes in a single run using one method
demands high sensitivity across the entire sampling and
analytical system. Sampling of water has historically been
carried out using grab-samples, but passive samplers are now
available that indirectly lower detection limits, by
concentrating pollutants over time1,2. Deployment of these
passive samplers over extended periods (typically four weeks
for a river system) also provides a better estimate of a
compound’s mass loading on a watercourse, and improves
the chances of identifying the chemical responsible if a
pollution event occurs during the deployment period.
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• Sensitivity: Highly efficient direct-extraction technology
allows BenchTOF instruments to acquire full-range spectra
with SIM-like sensitivity, allowing them to reliably detect
trace-level analytes in a single run, which would be difficult
or impossible on a quadrupole system.
• Spectral quality: The ‘reference-quality’ spectra produced
by BenchTOF are a close match for those in commercial
libraries such as NIST or Wiley. This enables quick and
confident matching of both targets and unknowns.
• Speed: The ability to record full-range mass spectral
information to extremely high densities (10,000 transient
spectral accumulations per second) enables BenchTOF to
handle the narrowest peaks encountered in well-optimised
GC×GC couplings. The high stored-to-disk data rate also
enables advanced spectral deconvolution and ‘data-mining’
algorithms to extract maximum information from weak,
matrix-masked signals.
The high-definition mass spectrometry delivered by this
combination of features makes BenchTOF instruments ideal
for the most demanding GC applications, as demonstrated by
this work.
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Experimental
Preparation of standard solutions:
A standard solution (10 ng/µL) was prepared from custom
mixes of PCBs, PAHs, and organochlorine, organophosphate
and triazine pesticides.
Passive sampling3:
Two semi-permeable membrane devices (SPMDs, Figure 1)
(91.4 cm × 2.5 cm LDPE tubing of 70–95 µm wall thickness)
containing 1 mL triolein were spiked with fluorene-d10,
phenanthrene-d10 and pyrene-d10 (all at 10 µg). The SPMDs
were shipped in gas-tight metal tins flushed with argon and
kept at –18°C until deployed.

Gel column’ (10 µm particle size, 100 Å pore size), equipped
with a 50 mm × 21.2 mm i.d. PL Gel guard column (Agilent
Technologies). The mobile phase was 1:1 (v/v)
n-hexane–dichloromethane, with a flow rate of 5 mL/min.
SEC-cleaned extracts were evaporated to 500 µL under a flow
of nitrogen at 40°C, made up to 1 mL using n-hexane, and
split into two equal portions. The first was transferred to a
2 mL GC autosampler vial, and the second was spiked with
5 µL of the standard solution.
GC:
Instrument:
PTV Injector:
Carrier gas:
Mode:
Temp. programme:

Septum purge:
Column set:
1st dimension:
2nd dimension:
Modulation loop:
Column set:
Figure 1: The SPMD sampler used in this study, alongside its
protective stainless steel housing. Organic compounds absorb onto
the flattened lipid-containing tubing, which is solvent-extracted prior to
analysis. Photo reproduced with the permission of A. Gravell,
Environment Agency Wales, Llanelli, UK.

At the sampling site, the SPMDs were placed onto a stainless
steel holder and then into a stainless steel protective cage.
One SPMD was deployed into the river, and the other was
used as a field blank. After four weeks, the SPMDs were
re-sealed in their tins and frozen for shipping back to the
laboratory, where they remained frozen until extracted.

GC fitted with a ZX1 cryogenic
modulator (Zoex Inc.)
1.8 mm i.d. liner, baffled
He, constant flow at 1.5 mL/min
Splitless for 2 min (then 100 mL/min
purge)
60°C for 0.05 min, 300°C/min to
320°C (1 min), 720°C/min to 360°C
(cleaning phase) held to end of run
On, 3 mL/min
SGE BPX5, 30 m × 0.25 mm × 0.25 µm
SGE BPX50, 3 m × 0.1 mm × 0.1 µm
As for 2nd dimension
Equivalent pneumatic impedance to
60 m × 0.2 mm (calculated from
impedance factor look-up charts for 1stand 2nd-dimension columns used)

Temperature programme:
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

SPMD extraction:
Following removal of surface biofouling using n-hexane, gentle
brushing with a soft toothbrush and immersion in dilute acid,
the surfaces of the deployed SPMD were rinsed with water,
acetone, and finally propan-2-ol. It was subsequently dialysed
twice in n-hexane at 18°C (18 h and 6 h), and the combined
dialysates reduced to about 3 mL.

MS:
Instrument:
Ion source:
Transfer line:
Mass range:
Data rate:

The dialysates were subjected to clean-up using size-exclusion
chromatography (SEC) using an Agilent 1200 series HPLC
system. The SEC column was a 300 mm × 21.2 mm i.d. ‘PL

Software:
Image processing:

BenchTOF (Markes International)
300°C
300°C
m/z 40–500
50 Hz (200 spectral accumulations per
data point)
GC Image™ (GC Image, LLC)

Results and discussion
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Compound separation
The results of the GC×GC analysis of the spiked and unspiked
SPMD extracts are shown in Figure 2. In both cases, notice
the large number of components present, and the good
separation in both dimensions. This allows the identification
of compounds that would have been problematic in 1D GC
due to co-elution. The extra complexity of the spiked sample is
A

demonstrated by the insets.
Use of extracted-ion chromatograms
Being chemically similar, the PCBs in the SPMD extract cover
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Figure 2: Analysis of (A) spiked and (B) unspiked SPMD extracts, with insets showing the same zoomed-in region (with contrast enhanced).
In the spiked sample, representative PCBs, PAHs and pesticides are indicated by red, yellow and blue circles respectively.
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Figure 3: 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.

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.
It is worth noting that 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.

Spectral quality
The combination of the efficient thermal modulator and
optimised chromatography ensure that the peaks in this
analysis are highly symmetrical, as illustrated in the inset to
Figure 3. 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.
Figure 4 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.
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Figure 4: 3D surface plot showing dieldrin and endrin, and comparison of the obtained mass spectra (top, red) with the NIST 2011 library
spectra (bottom, blue).

Galaxolide

Screening of unknowns

Conclusions
This Application Note has demonstrated that BenchTOF
instruments, in conjunction with GC×GC, provide a highperformance solution for analysing the complex extracts
resulting from passive 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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Compounds with
mass spectra very
closely resembling
Galaxolide
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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 5, 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.
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Figure 5: Overlaid 2D extracted-ion chromatograms for m/z 215, 229,
243 and 258, showing identification of several polycyclic musks.
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Trademarks
BenchTOF™ is a trademark of Markes International.
GC Image™ is a trademark of GC Image, LLC, NE, USA.

Applications were performed under the stated analytical conditions. Operation
under different conditions, or with incompatible sample matrices, may impact
the performance shown.
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