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a b s t r a c t

A simple, low cost system for the backflushing of capillary gas chromatography (GC) columns has been
investigated and integrated into a method for the detection of anabolic steroids in equine urine. The
modification to the method was simple to make and quick to setup and optimize. The use of backflushing
technology was found to offer significant benefits in terms of sample throughput and improved system
robustness.

© 2010 Elsevier B.V. All rights reserved.
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. Introduction

The screening of equine doping control samples for the pres-
nce of anabolic steroid abuse has been routinely performed in
nti-doping laboratories around the world for many years [1–7].
creening has historically been performed on urine samples, with
as chromatography utilizing selected ion monitoring (SIM) as the
echnique of choice. With the continuing drive towards lower limits
f detection there is a requirement for more sensitive and spe-
ific methods. The implementation of triple quadrupole technology
as led to improved detection limits and increased specificity due
o the superior discrimination power offered by selected reaction

onitoring (SRM) over SIM.
Recently we transferred an existing screen for anabolic steroids

n equine urine from single to triple quadrupole technology. In addi-
ion to widening the coverage of the screen to include more steroids
nd their metabolites the main aims of the transfer were to improve
he sensitivity of the screen, simplify data checking by improving
pecificity and to reduce sample turn around time by improving

ample throughput.

In a typical gas chromatography analysis there is an extended
old period at the end of the run, after the last analyte of interest
as eluted, during which the oven temperature is increased, usu-
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ally for a period of 2–10 min. The purpose of this high temperature
hold time is to remove late eluting or ‘high boiling’ matrix com-
ponents from the analytical column. These compounds otherwise
accumulate in the analytical column from one injection to the next
and could cause problems with chromatography and method sen-
sitivity. In some cases the late eluting compounds elute during the
subsequent injection, potentially at a point in the analysis where
analytes of interest are also eluting. There is also the additional
problem of the late eluting components entering the ion source
of the mass spectrometer. Whilst the use of MSMS will limit the
potential for false identifications resulting from this ‘breakthrough’
of late eluting peaks from one run to another the presence of these
components increases fouling of the ion source and ultimately leads
to reduced analyte response and increased requirement for source
cleaning. The use of a high temperature hold time at the end of an
analytical run also increases total cycle time and hence impacts on
sample throughput.

Column backflushing offers potential advantages in terms of
reduced cycle times, enhanced column life and reduced mainte-
nance of mass spectrometer components [8]. Backflushing systems
are available as a system add-on from some gas chromatograph
manufacturers and generally comprise of a solid state capillary
flow device installed in the GC oven, an additional electronic pres-

sure controller and software to calculate and control gas pressures.
Whilst offering an easy and effective method of setting up back-
flushing, these systems add considerably to the cost of the initial
package and are not available for all commercially available MS
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Fig. 1. Schematic of backflushing setup.

ystems. At present the use of such systems appears to be rela-
ively limited [9–11], a review of the literature regarding doping
ontrol samples revealed no reported methods using a backflush-
ng system. In this communication we describe the novel use of a
imple, low cost backflushing system to produce significant bene-
ts in terms of throughput and system robustness. We believe that
his is the first reported use of such a low cost system to facilitate
olumn backflushing and one that could be reproduced in any GC
ystem that has a spare electronic flow controller.

. Experimental

A schematic of the backflushing setup employed is shown
n Fig. 1. An extremely low dead volume, inert glass lined
ubing (GLTTM) T-piece (SGE Analytical Science, Victoria, Aus-
ralia, PN 123710) was installed between two 15 m ZB5-MSi
0.25 mm × 0.25 �m) analytical columns (Phenomenex, Maccles-
eld, UK, PN 7EG-G018-11). The GC–MSMS system used was a
arian 3800 GC equipped with twin injectors and electronic flow
ontrollers coupled to a Varian 1200L triple quadrupole mass spec-
rometer (Varian, Oxford, UK). The inlet end of column A (front
olumn) was inserted into a Varian 1177 split/splitless injector
inlet 1) as per the manufacturers instructions. The detector end of
olumn A was installed into the T-piece using SilTiteTM ferrules. Col-
mn B (rear column) was installed into the T-piece using SilTiteTM

errules and through the transfer line of the mass spectrometer and
nto the ion source as per the manufacturers instructions.

A 30-cm piece of deactivated silica tubing (0.25 mm ID) was
nstalled into the second injector (inlet 2) as per the manufacturers
nstructions. The other end of the deactivated silica was installed
nto the third port of the T-piece connector using SilTiteTM ferrules.

A previously developed gas chromatography method for the
nalysis of anabolic steroids in equine urine was used as the
asis for investigations into the backflushing system. The original
ethod comprised of a 21.50-min analytical run, including a 4-min

igh temperature hold. Total cycle time, including oven cool down
ime was 23 min. The MS source was operated in electron ionization
EI) mode at an electron energy of 70 eV. The source temperature
as 220 ◦C and the transfer line temperature was 280 ◦C. Helium
as used as the carrier gas and operated in the constant flow mode

t a column flow of 1.1 mL/min.

Setup of the backflushing conditions was performed by the

epeat injection of a mixed anabolic steroid standard contain-
ng boldenone, boldienone, clostebol, ethisterone, methandriol,
androlone, norethandrolone, testosterone, 5�-androstane-
�,17�-diol, 5�-estrane-3�,17�-diol 5�-estrane-3�,17�-diol,
Fig. 2. Inlet pressures and oven temperature program of backflushing method.

5(10)estrene-3�,17�-diol, 17�-methyl-5�-androstane-
3�,17�-diol, 17�-methyl-5�-androstane-3�,17�-diol and
17�-ethyl-5�-estrane-3�-17�-diol. The mixed steroid stan-
dard was evaporated to dryness under oxygen free nitrogen before
being derivatised using 30 �L of a mix of MSTFA:NH4I:ethanethiol
(10 mL:60 �L:30 mg, heated at 80 ◦C for 2 h). 2 �L of the derivatised
sample was injected into inlet 1.

The backflushing method was designed to be used as a screen-
ing method for doping control purposes. Anabolic steroid screening
methods are non-quantitative and full quantitative method vali-
dation is not required. The method was validated as per ISO/IEC
17025 guidelines and shown to be fit for purpose. The suitability of
the method for the analysis of equine doping control urine samples
was confirmed over the course of a 3 months evaluation study, dur-
ing which all equine urine samples received at HFL Sport Science
were analysed using the backflushing SRM method and the original
non-backflushed SIM method.

3. Results and discussion

Initially the pressure applied to the two inlets was determined
by trial and error with the steroid standard mix injected using the
conditions from the previously developed method whilst the pres-
sure on inlet 2 was varied from run to run. Over the course of a small
number of injections a suitable ratio of pressure on inlet 1 against
inlet 2 was determined. A difference in pressure of 8 psi between
the two inlets was found to produce a chromatogram almost iden-
tical to that seen in a single 30 m column system with no T-piece
installed. If too low a pressure was applied to inlet 2 then no peaks
were observed, presumably due to the analytes exiting the T-piece
into the short piece of deactivated silica and entering inlet 2 rather
than proceeding towards the mass spectrometer. If too high a pres-
sure was applied to inlet 2 then the retention times of the analytes
were increased significantly.

Once inlet pressures had been established which reproduced the
chromatogram achieved with a single 30 m column system then
further injections of the steroid standard mix were used to fine
tune the backflushing conditions. Over the course of a number of
injections it was found that commencing backflushing at 13.8 min
by decreasing the applied pressure on inlet 1 and increasing the
pressure on inlet 2 allowed all analytes of interest to be detected
whilst reducing late eluting compounds entering column B to a

minimum. The final conditions of pressure on inlets 1 and 2 and
the oven temperature program are shown in Fig. 2.

No significant differences in method performance were
observed between the original single column method and the back-
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Fig. 3. Total ion current chromatograph (1) of an EI full scan (100–700 m/z) acqui-
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Fig. 4. Total ion current chromatograph of blank vial injection following previous
injection of equine urine extract using non-backflushed method, showing carry-over
of late eluting components, 0–18 min displayed (A). TIC of blank vial injection follow-
ing previous injection of equine urine extract using backflushed method, showing
ition of an equine urine extract acquired using extended 30-min acquisition
15–30 min displayed). Traces 2, 3 and 4 shown extracted ion chromatograms for
/z 331, 648 and 396.

ushing method. Retention times of the later eluting analytes (RT
f 14 min and above) were slightly reduced using the backflushing
ethod as the pressure on column B was increased once back-

ushing commenced, however, this did not adversely affect method
apabilities.

To assess the potential problem presented by late eluting com-
onents in equine urine extracts an extended full scan analysis was
erformed. The standard 21.50-min analytical run was extended to
0 min by increasing the final hold time by 8.50 min, giving a total
old time of 12.50 min (at 310 ◦C). The total ion chromatogram and
elected extracted ion chromatograms (m/z 331, 648 and 396) from
his injection are shown in Fig. 3. This shows that in an equine
rine extract there are a large number of late eluting components
hat would not be eluted from the capillary column using the stan-
ard method conditions. These components potentially remain in
he column leading to problems with chromatography or carry-
ver into subsequent injections. Carry-over of these late eluting
aterials can significantly affect method performance, causing

nterference in SIM or SRM acquisitions and fouling the ion source,
eading to reduced sensitivity. The selected ion chromatograms of

/z 331, 396 and 648 show that the late eluting interferences cover
wide mass range and are present in the same mass ranges as the
erivatised steroids of interest.
In order to assess the potential of the backflushing method to
emove these late eluting components from the capillary column
he following injection sequence was performed using a full scan
cquisition covering the mass range 100–700 m/z:
absence of carry-over of late eluting components, 0–18 min displayed (B). TIC of
anabolic steroid mixed standard to show retention times of analytes of interest,
7–15.50 min displayed (C).

1. Equine urine extract injected using standard non-backflushed
method (21.50 min total run time, 4 min hold at 310 ◦C).

2. Blank injection (empty vial) injected using extended non-
backflushed method (30 min total run time, 12.50 min hold at
310 ◦C).

3. Equine urine extract injected using backflushing method (17.80
total run time).

4. Blank injection (empty vial) injected using extended non-
backflushed method (30 min total run time, 12.50 min hold at
310 ◦C).

The results of the blank injections (2 and 4) are shown in Fig. 4.
Also displayed is the anabolic steroid standard mix (acquired using
backflushing method, 17.80 total run time, data acquisition from
7.00–15.50 min), to show the retention times of the analytes of
interest.

Comparison of the two chromatograms clearly shows the advan-
tages gained from the use of the backflushing technology. Without
the use of backflushing, Fig. 4A, the subsequent blank injection con-
tains a large amount of the late eluting components which remain

on the column from the previous injection of the equine urine
extract. These components are carried-over and eluted in the sub-
sequent blank injection and appear in the chromatogram in the
same region as the analytes of interest, Fig. 4C.
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Table 1
Comparison of backflushed and non-backflushed methods for the detection of
anabolic steroids in equine urine.

Non-backflushed Backflushed

Cycle time 23 min 18.2 min
Throughput improvement n/a +26%

c
r
o
c
t

c
e
t
m
m
s
r
s
m
c
r
l

t
i
r
s
h
t
b
a
b
t
r
a
c
n
t
s

Commun. Mass Spectrom. 23 (13) (2009) 2035.
Ion volume replacement 50 extracts 200 extracts
Source cleaning 3–4 weeks 3–6 months
Column trimming 3–6 months Not required to datea

a 6 months+.

Use of the backflushing method completely eliminates the
arry-over of late eluting components, Fig. 4B, which are efficiently
emoved from column A and exit the instrument via the split vent
f injector 1. Small peaks seen in the chromatogram, Fig. 4B, were
onfirmed by MS to be contamination from the septa used to cap
he GC vials.

The applicability of the backflushing method to routine doping
ontrol samples was demonstrated by the analysis of over 1000
quine urine extracts. Table 1 shows the advantages produced by
he backflushing method in comparison to the non-backflushed

ethod. The decision of at which point to perform instrument
aintenance was based on the analysis of system suitability

amples and evaluation of chromatographic performance by expe-
ienced GC–MSMS analysts. Criteria for acceptance of the system
uitability standard were previously established and instrument
aintenance initiated once performance dropped below these

riteria. Initial instrument maintenance consisted of ion volume
eplacement and if this did not return performance to an acceptable
evel then source cleaning was performed.

The backflushing method offers a 26% improvement in sample
hroughput based on cycle time alone. In addition to the sav-
ng in cycle time there are also significant gains to be made in
educed instrument maintenance. Ion volume replacements were
hown to be required far less frequently and source cleaning, and
ence instrument down time, was also greatly reduced. Previously,
rimming of the analytical column was performed on a regular
asis as late eluting components built up on the column and had
detrimental effect on chromatographic performance. With the

ackflushing system installed column trimming is much reduced,
o date following use for 6 months no column trimming has been
equired. This also eliminates the need to update retention times

s the column is shortened. As the system uses two 15 m capillary
olumns it is a simple task to replace the entire column A if the
eed arises. Indeed, with the correct setting of pressure on inlet 2
his procedure can be performed without the need to vent the mass
pectrometer.

[
[
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It should be noted that the system reported here is not solely
suited to triple quadrupole GC–MSMS systems. It could be equally
as beneficial if installed in any system using a gas chromatograph,
regardless of the detection system.

4. Conclusions

The use of backflushing technology was investigated and found
to offer significant increases in sample throughput and instrument
robustness. Backflushing was implemented by the use of a simple,
low cost T-piece, readily available from instrument consumable
suppliers and the utilization of a spare electronic pressure con-
troller (inlet 2) already installed on the gas chromatograph. The
backflush setup described in this paper would be simple to modify
in order to make it applicable to any current GC–MS or GC–MSMS
method, with similar advantages in cycle time and instrument
robustness likely to be achieved.

Utilizing triple quadrupole GC–MSMS and the described back-
flush technology the throughput and turnaround times attained
with three single quadrupole instruments can be obtained with
two instruments. The expected improvements in coverage of ana-
lytes, sensitivity and ease of data checking have been attained along
with a significant decrease in the requirement for instrument main-
tenance.
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