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Abstract

Agilent is now offering a comprehensive analyser package for the target based, multi-
residue screening of environmental waters on the Agilent 5977 GC/MS. This screening
method uses Target Deconvolution (TD) on the MassHunter Quantitative software.

It is suitable for the analysis of environmental waters as required by the Water Framework
Directive (WFD 2000/60/EC). This method uses a target MS library that contains over
1000 compounds, including both volatile organic compounds (VOCs) and semi-volatile
organic compounds (SVOCs), allowing for the rapid identification and reporting of organic
pollutants in an extracted water sample.

The entire system is manufactured and
supported by Agilent and includes instrument
hardware, proven methods conforming to
the required Quality standards, the target MS
library, as well as operational consumables.
Agilent’s installation, commissioning and
training program with clearly defined
timelines means that the receiving laboratory
can rapidly plan for routine operation within
a matter of weeks. It should be noted that
the library is fully customisable to suit the
needs of the laboratory.
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Introduction

In December 2000, the European Commission introduced a brand
new piece of legislation, the Water Framework Directive (WFD
2000/60/EC). The key objective is to provide for the planning
and delivery of a better aquatic environment. Itis aimed to help
protect and further enhance the quality of the water environment
across all member states of the European Union. At the heart of
the WEFD lies the requirement on countries to develop river basin
management plans. In England & Wales there are 11 river basins
with management plans and these compliment a further

40 international river basin plans across the European Union.

The WFD applies to surface freshwater bodies (including lakes,
streams, canals and rivers), groundwaters, transitional water
bodies (estuaries) and coastal waters. In contrast to the existing EU

directives the WFD now applies to all water bodies. Under the WFD,

surveillance, operational and investigative chemical monitoring is
required to be undertaken. The Environment Agency (EA) has to
consider making this chemical monitoring cost effective. It is not
possible to monitor for everything, everywhere.

There is also the need to identify new emerging pollutants that do
not exist in current routine suites and to inform of future monitoring
priorities.

In order to address part of the chemical challenge of the WFD, the

» Ascreening method capable of detecting a wide range of
organic pollutants in a given water body under WFD.

+ The ability to identify both VOCs and SVOCs from a
single sample.

+ Typical Limit of Detection (LOD) of 0.1ug/L.

»  Low cost solution for validating the pressures and risks to
water bodies.

» As monitoring requirements are constantly changing
the provision to add new substances.

GC/MS was chosen as the analytical technique as it is widely
applicable for the identification and measurement of a vast range
of chemicals.

Originally, the method was developed on an Agilent 5975 GC/MS
system using a retention time locked method and Deconvolution
Reporting Software (DRS) [1]. Using the Hazardous Industrial
Chemicals Database as a starting point, a large target database
with over 1000 target compounds was created. This provided the
EA with the necessary automation it required, whilst also reducing
data interpretation time and increasing the accuracy of chemical
identification.

The new system offers significant performance benefits in terms of

EA commissioned the development of the GC/MS based screening
tool. The requirements of which are:

sensitivity and throughput and is based on the Agilent 5977 GC/MS
with the MassHunter Workstation and the new Target Deconvolution
software working with the specially produced target database.



Analytical Technique

Sample Preparation

To 1 litre of sample an Internal Standard is added. The sample

is extracted with 50mL of Dichloromethane (DCM) solvent for

15 minutes and the solvent is removed. The remaining sample is then
acidified and extracted with a further 50mL of DCM for 15 minutes.
This solvent is then removed. The extracts are combined and reduced
to TmL, dried with anhydrous sodium sulphate and transferred to an
auto-sampler vial ready for analysis by GC/MS.

The liquid/liquid partition method using DCM under neutral and acid
conditions was chosen to extract the widest variety of compounds.
The extraction is performed on bottle rollers to maximise the solvent/
matrix interaction and also to reduce the formation of emulsions.

The extracts are concentrated using Zymark Turbo-Vap concentrators,
which enables volatiles to be retained through the control of
temperature and gas flow.

Instrumentation

Gas Chromatograph Agilent 7890B
Agilent 7693A Injector and
Autosampler
Agilent Carbon Dioxide
Inlet Cooled Multi Mode Inlet
(MMI)

Automatic Sampler

Mass Selective Detector RSt G

Source
El Tune File Etune.u
Interface Temperature 280 °C
Source Temperature 250 °C
Quadrupole Temperature 150 °C
Gain Factor 15
Scan Acquisition Range 35— 566 amu

Results and Discussion
Agilent 5977 GC/MS

The 7890B / 5977 Series GC/MS offers better performance over
previous systems. The 5977 MS system features a new inert source
with an extractor lens, which provides additional focus to the ion
beam into the mass analyser, resulting in a significant increase in
the number of ions analysed and better sensitivity of the instrument.
Figure 1 shows the increased sensitivity that can be achieved with
this new source.

Agilent Dimpled, Splitless,

Vit Ao e Ultra Inert Liner (5190-2297)

Injection Mode Cold Splitless

Injection Volume 1.5uL
20 °C (0.05 min),

Inlet Temperature Program 720 °C/min o 300 °C (8 min)
Purge flow to split vent,

It L oy 250 mL/min at 0.8 min

Carrier Gas Helium,
Constant Pressure Mode

Column 30mx0.25 mm ID x 0.25 pm
HP5-MSUI (19091S-433Ul)
40 °C (2 min),

Oven Temperature Program 10 °C/min to 300 °C (8 min)

- . Fluorene
Retention Time Locking locked at 15.577 min

Run Time 36 min
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Figure 1. Comparison of responses for Fluorene using Atune on
5975 GC/MS and Etune on 5977 GC/MS.



Development of the Target Deconvolution Method on
the Agilent 5977 GC/MS

The Agilent 5977 GC/MS uses MassHunter software. The MassHunter
(MH) Acquisition Software (G1701FA) creates data files that are

then processed using either the MH Qualitative (Qual) or Quantitative
(Quant) software. Target Deconvolution (TD) is a new feature of MH
Quant B.06.00 (March 2013). The entire TD process is contained
within MH Quant.

A'single chromatographic peak may contain multiple components.
The deconvolution process pulls out the individual components and
their spectra. MH deconvolutes component spectra and performs
spectral matching of these spectra against the target MS library.

It uses retention time (RT) windows and library match scores (LMS)
as qualifiers. This information is combined with the Quantitative
results to produce a TD summary report. This process is summarised
in Figure 2.
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Figure 2. Target Deconvolution (TD) workflow in MassHunter Quant.
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Resolution

TD automatically runs the full sample deconvolution at up to four
different settings (low, normal, high and very high) and reports the
component spectrum that best matches the reference spectrum for
the target.

Target RT Window and LMS

The peak apex of the deconvoluted component must be within

the RT range of the target peak identified by the Quant engine in
order to be used for library matching. This window can be specified
in the RT Setup section of the Quant method. For this method, the
target window was set to +/- 0.166 minutes for each compound.
The minimum LMS can also be adjusted in the Outlier Setup Tasks
section of the Quant method.

Target MS Library

The required target reference MS library can be selected in the
software. The target MS library that has been created for the EA
contains compounds that are relevant to the water industry and WFD
[2]. Itincludes pesticides, fungicides, molluscicides, hydrocarbons &
PAHs, emerging pollutants, industrial chemicals, metabolites, volatile
solvents as well as pharmaceuticals and personal care products.

It presently contains 1040 compounds, but as a living database this
will continue to grow. New compounds can be added to this library
by running them on the RTL method and then adding them to the MH
Quant method and the MH target MS library.

Quantitation and Limits of Detection

The results are semi-quantitative and estimates of concentration

are obtained by running a reference standard for each individual
compound at a known concentration, typically Tpg/L, to produce a
response factor. Fully quantitative analysis is not practical due to the
large number of compounds in the library and the requirement to use
a set of standards.

The LOD is dependent on compound, sample matrix and sample
volume extracted. One of the initial requirements was to achieve a
typical LOD of 0.1pg/L and this is achievable for the vast majority of
compounds in this method.

Data Analysis

The results can be reviewed either by batch or by compound.

Figures 3 and 4 show how the information is displayed using Batch-
at-a-Glance, with Figure 4 showing the Compound Information panel
in more detail. Figure b shows how the information is displayed using
Compounds-at-a-Glance. In addition to the target RT window and
minimum LMS, a range of other outliers can be applied to speed up
the data review process. Figure 5 shows the results for 25 of the
target analytes in an extracted water sample. The target results that
are highlighted in red are those that have failed on one or more of the
applied outliers.
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Figure 3. Batch at a Glance Screenshot.



Library Match Score from TD
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Figure 4. Batch at a Glance Compound Information.

2010082 [Toll

2010082 [Pyridine]
79.0 Final Conc.=0.177(
520
10 i

50.0

5

34 35 36 37 38 39

084570
0641650
4

2010082

1050

Ip-
{91.0Final
1060

T

=0.1133

711050

Xylene]
191.0 Final =0.1133
106.0

- x1067]

i 02

105[{.0 Final Conc.=0.1088
02

A

064770

[Toluene]
1.0 Final Conc.=1569¢
920

14
06-

04

08)e,

04

1060 :
i 1)

R

42 43 44 45 46 47 48

[ : : 1 Samples (22 total) | 972 Compounds (972 total) ..

-~

Figure 5. Compounds at a Glance Screenshot.



Extracted Hazardous Waste Landfill Site Water

Figure 6 shows the total ion chromatogram for an extracted
hazardous waste landfill site water and the TD results. This
chromatogram is complex, containing many overlapping and co-
eluting peaks making it ideally suited for the deconvolution process.
The TD report lists those target analytes that are within the RT
window and possess LMS values greater than the minimum set out
in the quant method. The purity value corrects the quantitation result
in the event of another deconvoluted compound with the same m/z
as the quantitation ion interfering with the peak area of the target

compound. Thus, a purity value of 100 denotes that no interference
was detected. For this sample, a total of 98 compounds were
identified.

Data Processing Times

Another major advantage of TD is the rapid data processing.

Data processing times are dependent on a range of factors,
including the length of the analytical run and the number of targets.
Using this method with over 1000 target compounds, it takes
approximately 1 minute to process a single data file.
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Figure 6. Hazardous Waste Landfill Site Water Extract Chromatogram and TD Report.



Conclusions

A target based, multi-residue, retention time locked screening method
using the Target Deconvolution feature of MassHunter Quant software
was successfully developed on an Agilent 5977 GC/MS system in
response to the requirements of the WFD. This method uses a target
MS library that contains over 1000 compounds, including both VOCs
and SVOCs and has allowed for many of these target compounds to
be identified at low levels, below 0.1 pg/L.

The library is fully customisable and the use of Target Deconvolution
has resulted in improvements in compound identification, reporting
and faster data processing.

Turn Key Package

Agilent's turn-key guaranteed analyser package for the target based
screening of environmental water samples comprises the following:

»  Complete hardware setup of the Agilent 5977 GC/MS with
dedicated analytical column

» Installation of software and libraries
+  System checkout with a special reference sample

+  Standard operating procedure (SOP) with detailed descriptions
of the analysis procedure

*  Method of analysis (a DVD/CD containing sample preparation
and sample analysis methods, recommended consumables
and materials)

»  On-site training and full Agilent support

maps_agilent@agilent.com
www.solutions-to-win.com
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