GC Solutions
Separation Science ‘GC Solutions’ is the premier online resource for GC and GC/MS users working across the Asia Pacific region.
Covering GC method fundamentals, practicalities and troubleshooting it offers chromatographers and analytical chemists a genuine
e-learning platform and searchable archive resource.
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GC Ferrules – Graphite and Polymeric Ferrules
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This month we continue last month’s discussion of ferrules used in gas
chromatography. We discuss ferrules of graphite, Vespel® (polyimide), Vespel®graphite mixtures, and Teflon® (polytetrafluoroethlyene, PTFE). Attributes of
these ferrule materials are summarized in Table 1.
Click here to read more...

www.sepscienceasia.com

Fast Analysis of Acrylonitrile in ABS Polymer Using a
Backflush GC System
TCA and Precursors in Red Wine Using In-Matrix
Derivatization Followed by SPME on the SLB-5ms
Click titles to learn more
Issue 18

Matthew Klee

All About GC Ferrules –
Part 2, Graphite and Polymeric Ferrules

This month we continue last month’s discussion of ferrules used in gas chromatography.
Ferrules of graphite, Vespel® (polyimide), Vespel®-graphite mixtures, and Teflon®
(polytetrafluoroethlyene, PTFE) will be discussed. Even though graphite is not
a polymer, its characteristics are more similar to the synthetic polymers than
metal ferrules discussed last month, so it is included. Attributes of these ferrule
materials are summarized in Table 1.
Graphite and polymeric ferrules have several advantages for use in gas
chromatography over metal (especially hard metal) ferrules:
• They can seal against imperfect surfaces with little force
• They can be used with virtually any type of tubing or column including glass
and fused silica
• They can also be hand drilled with a pin vise to get the right size for any given
tube or column
However, because they are organic and porous, graphite and polymeric ferrules
do have some general weaknesses that constrain their uses as well:
• Polymers have a limited temperature range (compared to metal ferrules)

• They are more permeable to air infiltration (a function of polymer density)
• They sometimes come out of their commercial packaging, or the lab
drawer, contaminated. They are then a source of ghost peaks and
baseline disturbances. Contamination comes from poor manufacturing 		
processes as well as poor choices in packaging (the contamination comes from
the packaging).
• They can interact with sample components or solvent causing tailing or losses,
especially at trace levels
Graphite has been a favorable ferrule material for capillary column use from the
beginning of gas chromatography. It is very forgiving because it is so soft and can
deform and seal in almost any space. Graphite is easy to identify because it can be
deformed by pinching with your fingers, or scratched easily with your fingernail.
I have successfully used the wrong size ferrule (because I ran out of the right size)
and was able to either easily expand the hole to accommodate a larger column
or to compress a larger ferrule just by putting it on the column and tightening
the fitting a little more than usual.  The graphite reformed in both cases to create
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Figure 1: Examples of graphite and polymeric ferrules.

a seal. However, this malleability can lead to one of the biggest problems with
graphite ferrules as well. This ability of graphite to reform can cause it to extrude
through openings in fixtures into the neighboring spaces. Then, graphite pieces
end up contaminating areas like the bottom of the inlet or the detector jet. These
graphite pieces can interact with sample causing losses, tailing, and can become
a constant source of contamination (graphite acts as a “chemical sponge”).
A second major problem with 100% graphite ferrules is that they are very
permeable to air. So, when using air sensitive columns (e.g., carbowax) or
detectors (e.g., mass spectrometers or ECDs) one should choose something else.
Some inlet and detector designs use graphite ferrules wherein the graphite is
contained within a secondary metal tube. This provides the benefits of graphite
ferrule material, while greatly addressing the issues of deformation, extrusion,
and infiltration of air.
Polyimide is a polymer with high temperature stability and low outgassing.
Because of its relatively high temperature stability, polyimide is the coating of
choice for the outside of fused silica columns. Polyimide ferrules are easy to
identify because they are brown (see Figure 1). Polyimide is fairly rigid and can be
molded into shapes that match fixtures, fittings, and devices typically designed
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for metal ferrules. Even though it has high temperature stability, polyimide is
very sticky when heated, so it is not a good choice in high-heat zones. It can
seize on the tube and in worst-case scenarios, it sticks inside the fitting. For this
reason, 100% polyimide ferrules find most use outside the GC oven. I prefer
them over metal ferrules for room temperature or low temperature connections
since they are much more forgiving than metal ferrules when sealing against

flawed tubing, they can be removed without having to be cut off the tubing,
and they have low air permeability.
The stickiness of polyimide can be greatly reduced by adding a small amount
of graphite (15% is common). The mixture retains the benefits of:
• Being able to be molded into desired shapes
• High temperature stability

Table 1

Ferrule Type

Temperature Limit

Typical Uses

Advantages

Limitations

Graphite (100%)

450 °C

General purpose for capillary column
connections to inlets and detectors

Easy to use, can be tightened to hold column
in place without siezing, column can be
readjusted

Allows air diffusion. Not for MS or
oxygen-sensitive detectors

Recommended for high temperature
and cool on-column
applications

Can be removed easily

Overtightening can extrude graphite into inlet
or detector. Pieces flake off and stay
behind, causing peak tailing and sample losses

High temperature limit

Soft, easily deformed or destroyed

Most forgiving of receiver imperfections

Interacts with solvent, causing tailing

Can be re-used
Polyimide/Graphite
(85%/15%)

Polyimide (100%)

PTFE

350 °C

280 °C

< 260 °C

General purpose for capillary and
packed glass columns

Easy reliable connections

Design specific to fitting

Recommended for MS or
oxygen-sensitive detectors

Reusable and remakeable

Shrinks with tempearture cycling. Must
re-tighten frequently

Maintains shape, does not flake off
particles

Siezes on column, cannot be
re-adusted, must be cut off

Reliable, leak-free connection

Fairly forgiving of receiver imperfections

Isothermal operation

Easy reliable connections

Reliable seals even with flawed
receiver surfaces, forms to sealing
surface

Reusable and remakeable

Can shrink at elevated temperatures, must retighten frequently

Excellent sealing material when
making metal or glass connections

Can be removed easily if used at room
temperature

Excellent for external

Low air permeability

Can glue connections together if
exceeeding recommended temperature limit
and destroy fitting

External connections not involving
carrier gas

Easy connections

Allows air diffusion. Not for MS or
oxygen-sensitive detectors

Valve actuator gas lines

Can be re-used

Limited use inside oven

Glass packed columns used at low
temperatures

Very forgiving of receiver imperfections

Table 1: Summary of attributes for graphite and polymeric GC ferrules.

Can seal with very little pressure.

•
•
•
•

Ferrule does not extrude when tightening
Can seal against imperfect surfaces
Has low air permeability
Soft enough for use with fused silica

TWO TRIED-AND-TRUE

Because of these benefits, graphite/polyimide ferrules are the dominant
ferrule type when making fused silica column connections in the GC oven.
graphite/polyimide ferrules do tend to shrink with temperature cycling, so
they need to be retightened several times (after cool down) within the first 10
temperature programmed runs or so.
PTFE ferrules are very inert and have minimal interaction with samples and
solvents. They are very easy to seal, often requiring only hand tightening. When
disconnecting fittings, PTFE fittings slide right off the tubing and can be re-used
multiple times. However, they have the most restricted upper temperature limit
and are somewhat permeable to air, so use inside the GC oven is quite limited.
PTFE ferrules are used primarily for low temperature applications requiring the
most inert connections, and for tubing connections outside the oven when one
wants reliable, easily adjustable and removable connections. PTFE fittings are
often used for compressed air supply lines for valve actuators.
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Dr Matthew S. Klee is internationally recognized for contributions to the theory and practice of
gas chromatography. His experience in chemical, pharmaceutical and instrument companies
spans over 30 years. During this time, Dr Klee’s work has focused on elucidation and practical
demonstration of the many processes involved with GC analysis, with the ultimate goal of
improving the ease of use of GC systems, ruggedness of methods and overall quality of results.
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Featured Applications
Application Note: ANBT13

BenchTOF-dx and TargetView – high-denition, versatile
technologies for the identication of TO-15/TO-17 ‘air toxics’
Summary

Experimental

characteristic ions and stable retention
times. All other spectral data are ignored,
so full characterisation of the sample is
not possible in a single analysis. However,
time-of-ight (TOF) MS detectors such as
ALMSCO’s BenchTOF-dx overcome this
limitation by monitoring all ions
simultaneously across the mass range.
This makes them signicantly more
sensitive than scanning mass
spectrometers such as quadrupoles used
in SIM mode, and they have therefore
gained popularity in recent years.

This Application Note shows that
ALMSCO’s BenchTOF-dx™ MS instrument
and TargetView™ software are excellent
tools for testing a complex semi-rural air
sample for the presence of 62 ‘air toxics’
using US EPA methods TO-15 and TO-17.
We demonstrate that, by combining the
mass sensitivity of the BenchTOF-dx and
the library-matching capability of
TargetView, condent identication of
target compounds can readily be
achieved at ultra-trace levels. In addition,
the versatility of these technologies is
illustrated by the rapid identication of
unknowns.

Using a Markes International UNITY 2–
Air Server system, 1 L of semi-rural air
was pumped from a canister onto the
focusing trap. The sample was then
desorbed onto a GC column for TOF MS
analysis using the conditions stated
below.
TD:
Instrument:
UNITY 2–Air Server
TD ow path:
140°C
Trap:
Air toxics trap (C2 to
C30) U-T15ATA-2S
Trap low temp:
25°C
Trap purge time: 2.0 min
Trap heating rate: 40°C/min
Trap high temp: 320°C
Split:
10:1

In this Application Note, a sample of
semi-rural air was analysed using Markes
International’s UNITY 2–Air Server™
thermal desorption system in
conjunction with the BenchTOF-dx. The
UNITY 2, as well as providing exceptional
analytical performance, allows easy
compliance with both TO-15 and TO-17,
and the exibility to retain the widest
possible range of analytes from air, whilst
selectively purging interferents such as
water.3,4 Sending the GC output through
the BenchTOF-dx gives a wealth of
fragment-ion information, which is used
to the full by processing it with ALMSCO’s
TargetView software. This employs
sophisticated algorithms to eliminate
background interference and
deconvolute overlapping peaks, allowing
condent and rapid analysis of
TO-15/TO-17 ‘air toxics’ at the lowest
possible levels.

Background
Air pollution remains a global concern
due to its impact on human health and
the environment. US EPA methods TO-15
and TO-171,2 describe how to test air
samples for trace-level ‘air toxic’
compounds (see Table A1 in the
Appendix). Thse methods use canister
and sorbent tube sampling, respectively,
followed by thermal desorption (TD) and
GC/MS analysis.
Historically, the detection of very lowlevel compounds in air (<<1 ppb) was
only achievable using quadrupole MS
with selected ion monitoring (SIM). In
this mode, compound identication
relies on a limited number of

GC:
Column:

60 m x 0.32 mm
x 1.8 µm
35°C (5 min), then
5°C/min to 230°C

Programme:

MS:
Instrument:
BenchTOF-dx
Ion source:
200°C
Transfer line:
200°C
Mass range:
35–300 amu
Data acquisition: 2 Hz with 5000 spectra
per data point

WWW.ALMSCO.COM
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APPLICATIONS
Fast Separation of Chlorinated Pesticides Using Zebron™ GC Columns
Kory Kelly
Phenomenex, Inc., 411 Madrid Avenue, Torrance, CA 90501, USA

Discussion

• Fast analysis of chlorinated pesticides in under 10 minutes
results in shorter cycle times and improved productivity
• Baseline separation of all analytes using Zebron ZBMultiResidue™-1 and -2 columns provides greater confidence
in identification

Figure 2 shows a dual-column separation using Zebron MultiResidue-1 and -2 columns. Each chromatogram shows complete
resolution of all 20 analytes that are typically analyzed within EPA
Method 8081 with run times less than 10 minutes. The chromatogram also includes surrogates to ensure that they don’t co-elute
with analytes. The two main advantages of using a Zebron Multiresidue-1 and -2 for these analyses are that all compounds have
baseline resolution as well as the very short retention times. The
improved resolution allows for more robust methods. The faster
retention times result in short cycle times and increased lab productivity.

Introduction

Pesticides are classes of chemicals that are used to treat or control outbreaks of pests, especially insects. Food production as well
as safety and health organizations heavily rely on pesticides to
increase food yields and / or control disease outbreak spread by
insects. Some pesticides have proven hazardous to other animals
or the environment and have either been restricted or banned. The
need to monitor products, especially foods, for pesticides is essential as more pesticides are being discovered to have adverse
effects.

Figure 2.
Dual-Column Analysis of Chlorinated Pesticides using Zebron
16150
MultiResidue-1
and -2 Columns.
1

One class of commonly used pesticides is chlorinated pesticides.
These compounds are commonly detected using EPA Method
8081. This method determines the concentrations of various organochlorine pesticides in extracts from solid and liquid matrices,
including food products, using gas chromatography with electron
capture detectors (ECD). The following applications provide two
options for analyzing chlorinated pesticides by EPA Method 8081.
Two different sets of columns are shown that provide separation of
all analytes while still keeping retention times less than ten minutes
to allow for faster cycle times and higher lab throughput.

Column: Zebron MultiResidue-1 (MR-1)
Dimensions: 30 meter x 0.25 mm x 0.25 µm
Part No.: 7HG-G016-11
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If a compound is identified using a single column, the compounds
presence should be confirmed on a second column. Simultaneous identification and verification can be performed using a
dual-column configuration as shown in Figure 1. Further experimental conditions are shown with each application.
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Column: Zebron MultiResidue-2 (MR-2)
Dimensions: 30 meter x 0.25 mm x 0.20 µm
Part No.: 7HG-G017-10
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Figure 1.
Example of a Dual-Column Configuration.
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Injector
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MR-1
4

ECD Detector
Y-Splitter
5m
Z-Guard
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Conditions the same except where noted:
Injection: Splitless @ 250 °C, 1 µL
Carrier Gas: Helium @ 2.7 mL/min (constant flow)
Oven Program: 90 °C for 0.5 min to 200 °C at 35 °C/min to 340 °C at 25 °C/min for 1.5 min
Detector: Electron Capture (ECD) @ 350 °C
10 trans-Chlordane (gamma) 17 Endosulfan II
Sample: 1 TCMX (Surr)
2 1-Bromo-2-nitrobenzene (IS) 11 cis-Chlordane (alpha)
18 Endrin aldehyde
12 Endosulfan I
3 a-BHC
19 4,4'-DDT
13 4,4'-DDE
4 g-BHC (Lindane)
20 Endosulfan sulfate
14 Dieldrin
5 b-BHC
21 Methoxychlor
15 Endrin
6 d-BHC
22 Endrin ketone
16 4,4'-DDD
7 Heptachlor
23 Decachlorobiphenyl
(Surr)
8 Aldrin
9. Heptachlor epoxide

ECD Detector
Zebron
MR-2
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Analyze More Semivolatiles Samples
Per Shift Using Split Injection
By Michelle Misselwitz, Innovations Chemist, and Jack Cochran, Director of New Business and Technology

Semivolatiles are typically analyzed using splitless injection, but this technique results in slow analysis
times and injection-to-injection variability. In contrast, using split injection under the conditions established here allows faster sample throughput and improved repeatability.
Introduction

Semivolatile organic compounds (SVOCs) are usually analyzed using splitless injection because the transfer of analytes to the head of the column is more complete than with split injection. While this can
enhance low-level detection, splitless injection is limited by relatively slow analysis times, variability due
to longer residence periods in the injector, and system downtime resulting from matrix contamination.
Slower analysis times result from the lower oven start temperatures needed to focus analytes at the head
of the column using solvent focusing or cold trapping, techniques which are not necessary with split
injection. Repeatability can also be a challenge, since the flow through the injection port is much slower,
resulting in broader peaks, degradation of thermally labile compounds, and adsorption of active analytes.
Variability resulting from these factors can reduce the number of samples that can be analyzed before
quality control criteria are no longer met.
Split injection is a viable alternative to splitless injection that has not yet been fully explored. It is allowed
by EPA Method 8270D, as long as sensitivity requirements are met. Potential benefits include higher sample throughput, better separation efficiency due to narrower peaks, increased injection-to-injection
repeatability, and reduced downtime for maintenance. In addition, GC stationary phase overload of compounds such as PAHs can be reduced by employing split injection. Here we evaluate the applicability of
split injection using higher oven start temperatures and faster cycle times in terms of sample throughput,
sensitivity, and linearity for EPA Method 8270D.
Procedure

Several mixed semivolatiles standards were prepared in methylene chloride at concentrations ranging
from 1 µg/mL to 160 µg/mL. Surrogates and internal standards were included. Liner geometries differed
between split and splitless techniques, but in both cases liners were packed with Restek’s Semivolatiles
Wool. This wool was selected because the robust deactivation does not degrade at high temperatures,
assuring an inert surface and good peak shape.
Standards were analyzed using 2 different GC oven programs with split injection and compared to results
from a typical oven program with splitless injection. One program was developed to maintain resolution
of all SVOCs; the other was developed to optimize speed and sample throughput. Injector and oven conditions are given in Table I.
An Rxi®-5Sil MS column (30 m, 0.25 mm ID, 0.25 µm) was used for analysis, as it has been demonstrated to be highly inert and reliably provides good peak shape even for active compounds, such as 2,4-dinitrophenol.

Table I: Injector and oven conditions—higher oven start temperatures and faster cycle
times were used for split injection.
Inj. vol. (µL)
Liner
Inj. temp.
Purge flow
Oven program
Carrier gas

Split (Fast Cycle)
1.0 µL split (10:1)
4 mm Split Precision
with Semivolatiles Wool
270 °C
-80 °C (hold 1 min.),
to 280 °C at 25 °C/min.,
to 320 °C at 5 °C/min. (hold 1 min.)
Helium, 1.2 mL/min.

Restek Corporation

Split (Faster Cycle)
1.0 µL split (10:1)
4 mm Split Precision
with Semivolatiles Wool
270 °C
-80 °C (hold 1 min.),
to 320 °C at 25 °C/min.,
to 330 °C at 5 °C/min. (hold 2 min.)
Helium, 1.2 mL/min.

Splitless
1.0 µL splitless (1.0 min.)
4 mm Gooseneck Splitless
with Semivolatiles Wool
260 °C
60 mL/min.
40 °C (hold 1 min.),
to 280 °C at 25 °C/min.,
to 320 °C at 5 °C/min. (hold 1 min.)
Helium, 1.2 mL/min.

www.restek.com
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BenchTOF-dx and TargetView – high-definition, versatile
technologies for the identi?cation of TO-15/TO-17 ‘air
toxics’
Company: ALMSCO
This Application Note shows that ALMSCO’s BenchTOFdx MS instrument and TargetView software are excellent
tools for testing a complex semi-rural air sample for the
presence of 62 ‘air toxics’ using US EPA methods TO-15
and TO-17. We demonstrate that, by combining the mass
sensitivity of the BenchTOF-dx and the library-matching
capability of TargetView, confident identification of target
compounds can readily be achieved at ultra-trace levels. In
addition, the versatility of these technologies is illustrated
by the rapid identification of unknowns.

Put Agilent innovation to
work across your lab.

Fast Separation of Chlorinated Pesticides Using Zebron
GC Columns
Company: Phenomenex
One class of commonly used pesticides is chlorinated
pesticides. This application note illustrates how the fast
analysis of chlorinated pesticides in under 10 minutes
results in shorter cycle times and improved productivity.
Baseline separation of all analytes using Zebron ZBMultiResidue -1 and -2 columns provides high levels of
confidence.

Analyze More Semivolatiles Samples Per Shift Using Split
Injection
Company: Restek
Semivolatiles are typically analyzed using splitless
injection, but this technique results in slow analysis times
and injection-to-injection variability. In contrast, using split
injection under the conditions established here allows
faster sample throughput and improved repeatability.
Here we evaluate the applicability of split injection using
higher oven start temperatures and faster cycle times in
terms of sample throughput, sensitivity, and linearity for
EPA Method 8270D.

Introducing Agilent CrossLab, a growing portfolio of supplies manufactured to perform seamlessly
with instruments from PerkinElmer, Shimadzu, Thermo Scientific, Varian*, Bruker and others.
The Agilent CrossLab portfolio includes autosampler syringes, autosampler vials, inlet septa, Ultra Inert
inlet liners, inlet O-rings, capillary column ferrules, column nuts and more.
But Agilent CrossLab is more than just chromatography supplies; it’s over 40 years of chromatography
innovations that work across your lab and across the globe.

Explore the Agilent CrossLab portfolio –

Worldwide delivery and availability
Supplies manufactured to Agilent standards
The right products for your applications

visit agilent.com/chem/CrossLab
*Now a Bruker GC product.
© Agilent Technologies, Inc. 2011.
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Versatile Automated Pyrolysis GC
Combining a Filament Type Pyrolyzer
with a Thermal Desorption Unit
Eike Kleine-Benne, Bernd Rose
Gerstel GmbH & Co. KG, Eberhard-Gerstel-Platz 1,
D-45473 Mülheim an der Ruhr, Germany
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Pyrolysis GC, Automated Pyrolysis, Thermal Desorption

ABSTRACT

This paper describes an automated pyrolysis system for gas
chromatography (GC) based on a lament type pyrolyzer
combined with a commercially available thermal desorption
instrument, onto which the pyrolysis module is installed.
Automated sample introduction for both pyrolysis and
thermal desorption is performed using a commercially
available autosampler.
For pyrolysis of solid, liquid, or melting samples the use of
different types of sample holders is investigated, for example
cup-type holders for liquid samples. A special design has
been developed that enables accelerated gas phase transport
to help reduce the formation of secondary pyrolysis products.
Sample holder design and complete ow path heating are
essential design aspects in order to maximize recovery and
minimize carry-over, enabling the system to reliably perform
automated analysis of batches of different sample types.
These aspect are discussed.
The cryo-trap function of the thermal desorption system
used enables splitless transfer to the GC/MS of the formed
pyrolysis products. An example is presented, in which
water containing macromolecule residue in the ppm range
is introduced into the pyrolysis module. The water is then
removed using a solvent vent step and pyrolysis performed
immediately afterwards, enabling quantification of the
macromolecules by chromatographic determination of their
pyrolysis products.
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Analysis of Phthalate Esters
in Children's Toys
Using GC-MS
GC/MS Technical Report N o . 4
Yuki Sakamoto, Katsuhiro Nakagawa, Haruhiko Miyagawa

Abstract
As of February 2009, the US Consumer Product Safety Improvement Act, Section 108, mandated that all manufacturers of children’s toys
analyze their products for Phthalate Esters. The method to be used is in accordance with the US Consumer Product Safety Commission
(CPSC). In this study, six phthalate esters in children's toys were measured using the GCMS-QP2010 Ultra. The simultaneous Scan/SIM
data acquisition technique was utilized, with the SIM data used for quantitation. The data showed excellent calibration curve linearity and
repeatability. In two of the toy samples, unregulated plasticizers were identified by scan data, illustrating the efficiency of simultaneous
Scan/SIM measurement.
Keywords: GC-MS, phthalate esters, toys, CPSC method, Scan/SIM

Introduction
"Phthalate esters" is a general term for esterified compounds of
phthalic acid and alcohol. Phthalate esters are used as
plasticizers to make materials more flexible and elastic. Numerous
types of phthalate esters have been developed, differing in the
carbon number of the alcohol. The phthalate esters are added
based on the desired property, such as insulation, heat
resistance, or weatherproofing.
In recent years, regulations on phthalate esters in toys have been
investigated in various countries with the aim of protecting the
health of infants and children.

EU Directive 2005/84/EC and the US Consumer Product Safety
Improvement Act, Section 108, regulate the following 6 phthalate
esters: dibutyl phthalate (DBP), butyl benzyl phthalate (BBP),
di-2-ehtylhexyl phthalate (DEHP), di-octylphthalate (DnOP),
diisononyl phthalate (DINP), and di-isodecyl phthalate (DIDP).
This article introduces the results of simultaneous Scan/SIM
measurements of 6 phthalate esters in children's toys, performed
in accordance with analysis method CPSC-CH-C1001-09.3,
prescribed by the US Consumer Product Safety Commission
(CPSC).

Experiment
Reagents

Preparation of Reagents

Phthalate ester standard mixture 3 (0.1 mg/mL of dibutyl
phthalate (DBP), butyl benzyl phthalate (BBP), di-2-ehtylhexyl
phthalate (DEHP), di-n-octylphthalate (DnOP), diisononyl
phthalate (DINP), and di-isodecyl phthalate (DIDP) respectively)
was purchased from Kanto Chemical Co., Inc. Benzyl benzoate
(BB) was purchased from Wako Pure Chemical Industries, Ltd. for
use as the internal standard. The organic solvents used at the
preparation stage were all suitable for the analysis of residual
agricultural chemicals.

Phthalate ester standard solutions were prepared by diluting
phthalate ester standard mixture 3 with cyclohexane to create a
series of standards with concentrations of 0, 0.25, 0.5, 1, 5, and
10 µg/mL respectively. An internal standard, BB, at a
concentration of 1 µg/mL was added to each of the standard
solutions.
BB was also diluted to a concentration of 7.5 µg/mL with
cyclohexane, for use as an internal standard solution added to the
extracted samples.
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TCA and Precursors in Red Wine Using In-Matrix
Derivatization Followed by SPME on the SLB™-5ms
Figure 1. Derivatization Reaction

Katherine K. Stenerson
katherine.stenerson@sial.com

Introduction
Cork taint refers to a musty odor in wine caused by the presence
of 2,4,6-trichloroanisole (TCA). The source of TCA is thought to
be the fungal methylation of chlorophenols present in the wine.
Chlorophenols can originate from the cork or other sources, such
as biocides, fungicides, and exposure of processing equipment
to antiseptic cleaning products that contain chlorophenols (1).
This article demonstrates the determination of TCA and several
chlorophenol precursors in a red wine.

Experimental
Calibration standards were prepared in 12% ethanol in water
using a mixture of TCA and chlorophenols. Two samples were
based on a California (USA) shiraz, packaged in a wax-lined
carton-type container with a plastic closure. The first sample was
the wine as is, and the second sample was the wine after being
spiked with each analyte at 100 ng/L.
The chlorophenols were derivatized in-matrix using acetic
anhydride, and the acylated derivatives were then extracted
from the headspace using solid phase microextraction (SPME).
TCA, which is not derivatized, was simultaneously extracted
with the chlorophenols. An SPME fiber coated with 100 µm
polydimethylsiloxane (PDMS) was chosen based on past work
we performed with TCA, and also on published findings for
derivatized chlorophenols (1). The extraction conditions were
based on published findings as well, with adjustments made to
sample volume and corresponding amounts of reagents. Final
analysis was performed by GC-ECD (gas chromatography with
an electron capture detector) on the SLB™-5ms capillary column,
selected due to its low bleed characteristic.

Results
Derivatization and Extraction. The chlorophenols were acylated
with acetic anhydride prior to extraction. Acetic anhydride
will hydrolyze in the presence of water. However, the phenolic
groups present on the analytes are more reactive, making it
possible to conduct derivatization in an aqueous matrix (2).
The reaction is shown in Figure 1. The addition of potassium
carbonate (K2CO3) drives the reaction by removing the acetic acid
that is formed. The resulting derivatives demonstrated good peak
shape and response by ECD, allowing for easy and consistent
integration. The use of headspace extraction and selective
detection (ECD is selective for halogens) resulted in minimal
background interference.
Linearity. Five calibration standards from 10-300 ng/L prepared
in 12% ethanol in water were extracted, then analyzed. Figure 2
shows the chromatogram resulting from the mid-level standard.
Linearity results are summarized in Table 1. A linear response

sigma-aldrich.com/spme
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Figure 2. Calibration Standard
sample/matrix: 1.5 mL of each analyte at 100 ng/L in a 12% ethanol in water
solution + 600 µL 5% potassium carbonate (K 2CO3) +
240 mg sodium chloride (NaCl) + 60 µL acetic anhydride
SPME fiber: metal fiber coated with 100 µm PDMS (57928-U)
extraction: headspace, 50 °C for 30 min., with stirring
desorption process: 250 °C for 3 min.
column: SLB-5ms, 30 m x 0.25 mm I.D., 0.25 µm (28471-U)
oven: 50 °C (1 min.), 25 °C/min. to 280 °C
det.: ECD, 290 °C
carrier gas: helium, 1.5 mL/min., constant
liner: 0.75 mm I.D. SPME (2637501)
1. 2,4,6-Trichloroanisole
2. 2,4,6-Trichlorophenol (acylated)
3. 2,3,4,6-Tetrachlorophenol (acylated)
4. Pentachlorophenol (acylated)
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Table 1. Calibration Linearity for Five Standards from
10-300 ng/L
Analyte
2,4,6-Trichloroanisole
2,4,6-Trichlorophenol
2,3,4,6-Tetrachlorophenol
Pentachlorophenol

Correlation Coefficient
0.9908
0.9978
0.9932
0.9873

was observed over this concentration range, with correlation
coefficients of >0.990 for all analytes except pentachlorophenol.
For this compound, excluding the 10 ng/L standard results in a
correlation coefficient of 0.998.
Recovery. Immediately after calibration, unspiked and spiked
(100 ng/L) wine samples were prepared, extracted, and analyzed.
Resulting chromatograms are presented in Figures 3-4. Using
the calibration curves, the levels of TCA and chlorophenols were
calculated, along with a percent recovery for the spiked wine
sample. These results are summarized in Table 2. It appears that
the wine matrix may have interfered, as indicated by the low %
recovery values.
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Versatile Automated Pyrolysis GC Combining a Filament Type Pyrolyzer with
a Thermal Desorption Unit
Company: Gerstel
This paper describes an automated pyrolysis system for gas chromatography
(GC) based on a fi lament type pyrolyzer combined with a commercially
available thermal desorption instrument, onto which the pyrolysis module
is installed. Automated sample introduction for both pyrolysis and thermal
desorption is performed using a commercially available autosampler.
Fast Analysis of Acrylonitrile in ABS Polymer Using a Backflush GC System
Company: Shimadzu
Residual organic solvent in food packaging materials is a problem that receives
serious attention because of the implications to food safety and public
assurance. Acrylonitrile, which is controlled as a carcinogen by the U.S. Food
and Drug Administration (FDA) and by regulations in the European Union (EU),
is one specific compound of concern. This Application News introduces a fast
analysis of acrylonitrile based on the use of the backflush GC system.
TCA and Precursors in Red Wine Using In-Matrix Derivatization Followed by
SPME on the SLB-5ms
Company: Sigma-Aldrich
Cork taint refers to a musty odor in wine caused by the presence of
2,4,6-trichloroanisole (TCA). The source of TCA is thought to be the fungal
methylation of chlorophenols present in t he wine. Chlorophenols can
originate from the cork or other sources, such as biocides, fungicides, and
exposure of processing equipment to antiseptic cleaning products that contain
chlorophenols. This article demonstrates the determination of TCA and several
chlorophenol precursors in a red wine.
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