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In many instances it is desirable to replace coupled gas chromatography-mass 
spectrometry (GC-MS) by cheaper methods more suitable for the routine analyses 
of large numbers of samples, which implies first of all automation. GC-MS is mainly 
used for two reasons: first, if an analysis requires highly specific detection owing to 
presence of interfering peaks, i.e., if the sample clean-up does not isolate the com- 
pound(s) of interest sufficiently well from the remainder of the sample; second, if the 
available GC detection techniques, e.g., flame ionization detection (FID), do not 
provide sufficient sensitivity. Selected ion monitoring (SIM) in MS enhances the sen- 
sitivity compared with FID by at least one order of magnitude. 

Coupled high-performance liquid chromatography-gas chromatography 
(HPLC-GC) involving standard GC detectors is attractive for replacing GC-MS, as 
the highly efficient sample clean-up by HPLC often readily allows the two require- 
ments described to be fulfilled: first, less selective detectors are suitable because of 
fewer interfering components and second, a larger aliquot of sample can be injected 
owing to the reduced intensity of sample matrix effects (interfering peaks, “dirt” 
effects), which enables the detection limits to be lowered. 

The determination of diethylstilbestrol (DES) in bovine urine (in many coun- 
tries the use of DES for accelerating growth is illegal) is a typical example of appli- 
cations where in many laboratories large numbers of analyses are carried out by 
GC-MS, e.g., according to ref. 1. Screening methods that circumvent GC-MS are 
available for this particular analysis, such as radioimmunoassay (RIA)2 or pure 
HPLC methods (e.g., ref. 3). Nevertheless, the analysis of DES was selected for 
experiments with HPLC-GC as it was felt that this method would be highly com- 
petitive with the existing methods. Particular emphasis was placed on a comparison 
of the achievable sensitivity with that obtained in our laboratory using the same 
sample preparation followed by GC-MS, whereby none of the methods was pushed 
beyond the routinely readily available to the ultimately possible sensitivity. 

EXPERIMENTAL 

Sample preparation 
A lo-ml volume of bovine urine was hydrolysed enzymatically with 
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glucuronidase-sulphatase overnight at 40°C. The hydrolysed sample was loaded on 
to a Sep-Pak column, rinsed with 10 ml of 40% methanol and eluted with 3 ml of 
peroxide-free tetrahydrofuran (THF). The THF was evaporated and the residue was 
dissolved in diethyl ether and dried with anhydrous sodium sulphate. The dipenta- 
fluorobenzyl ether derivative was prepared according to ref. 4 using pentafluoroben- 
zyl bromide. The sample was evaporated to dryness and the residue dissolved in 100 
~1 of cyclohexane-1% THF. 

HPLC separation 
A 100 x 3 mm I.D. glass column was used, packed with Spherisorb S-5-W. 

Cyclohexane-1% THF was used as the eluent at a flow-rate of 260 pl/min. The 
derivatized DES was detected at 230 nm. 

HPLC-GC interface 
The outlet of the HPLC detector was mounted in a four-port switching valve 

as described in ref. 5, allowing direct introduction of the eluent into the inlet of the 
retention gap. The internal volume of the connection between the HPLC detector 
cell and the switching point was 30 ~1, causing the arrival of the detected solute 
material at the switching point to be delayed by 6 s. 

GC system 
A 15 m x 0.32 mm I.D. glass capillary coated with OV-73 of 0.25 pm film 

thickness was fused6 with a 50 m x 0.32 mm I.D. retention gap of glass, silylated 
with hexamethyldisilazane. The carrier gas (hydrogen) inlet pressure was 1.6 atm. 
Sample introduction occurred at 80°C followed by solvent evaporation at 100°C (for 
optimization of solvent evaporation, see ref. 7) and ballistic heating to 180°C. DES 
eluted at 270°C after programming the oven temperature at 4”C/min. 

Detector by-passing 
A system resembling that proposed by Schomburg* was used to prevent pas- 

sage of the solvent vapour through the electron-capture detector. The detector (ECD 
20, Carlo Erba) was modified to allow the make-up gas (nitrogen at 40 ml/min) to 
enter from the top of the detector and to flush the vapours eluted from the column 
exit away from the detector cell into the base of the detector block and through the 
line usually used as the inlet for the make-up gas to the atmosphere. This was 
achieved by feeding the make-up gas through a four-port valve (Valco) either into 
the detector base as usual (for detection of solutes) or into the top of the detector 
(by-passing solvent). 

The system avoiding passage of the solvent vapour through the detector was 
constructed because of concern about contaminating the detector cell. Later, dozens 
of injections were carried out, each time directly introducing the vapour of about 300 
,~l of HPLC eluent into the detector. Detector performance was not affected notice- 
ably. The question of whether large volumes of solvent vapour cause deterioration 
of electron-capture detectors is still open. 

Procedure 
The HPLC system was optimized to elute the DES fraction with an eluent 
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volume of 300 ~1 (carried out with pure standard). Then the sample was analysed on 
the HPLC system under relatively high attenuation of the detector to obtain a reason- 
able chromatogram of the sample matrix (for a typical sample as shown in Fig. 1). 
This sample was spiked with a fairly large amount of DES for determining the rel- 
evant fraction in the chromatogram. The DES fraction transferred into the GC sys- 
tem was cut according to the HPLC trace rather than trusting in the stability of 
absolute retention times (a problem primarily caused by instability of the eluent 
flow-rate). 

The GC conditions were optimized in parallel, injecting DES on-column with 
a syringe (as the retention gap is mounted into the on-column injector also in coupled 
HPLC-GC, it is sufficient to take the transfer capillary out of the injector to allow 
normal on-column injection with a syringe). The transfer efficiency and the overall 
yields were tested by comparison of the peak areas obtained by directly injecting 1 
ng of DES into the GC system, injecting the same amount of DES into the HPLC 
system followed by transfer into the GC system and adding it to the sample before 
working it up. Yields were around 95 and 70% respectively. 

For introduction of the DES fraction into the GC system, the valve in the 
transfer line was switched 6 s after the appearance of the critical point in the HPLC 
trace. Transfer of the fraction took 70 s. 

The HPLC column was reconditioned during the GC analysis (lasting C(I. 45 
min, including cooling of the oven at the end of the analysis), using 10% THF- 
cyclohexane. After about 30 injections of samples the column was cleaned using THF 
alone. 

bES 
FRACTION 

Fig. 1. HPLC trace of a typical sample after derivatization of DES to the dipentafluorobenzyl ether. UV 
detection at 230 nm. The transferred DES fraction almost corresponds to a peak in the HPLC trace but, 
of course, this peak does not represent DES. 
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RESULTS 

Experiments involving FID 
Initially, experiments were carried out using FID and preparing the hepta- 

fluorobutyro derivative of DES. These experiments provided interesting information 
on the sensitivity achieved with FID. However, decomposition of the derivative in 
the HPLC column after injection of a few samples caused severe problems, which 
prompted us to prepare another derivative (one of the not very common examples 
where a compound is perfectly stable in GC but not in HPLC!). 

Fig. 2 shows the chromatogram of a sample free from DES obtained with FID. 
The position and height of a peak corresponding to 10 ppb* of DES, added to the 
same sample before the clean-up, was transferred from another chromatogram and 
is shown as a bar. The practical detection limit was cu. 3 ppb (1-4 ppb for other 
samples using the same criteria). This sensitivity was achieved injecting a lo-@ vol- 
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Fig. 2. FID chromatogram of the DES fraction obtained after formation of the heptafluorobutyro de- 
rivative of DES. The position and height of the (main) peak corresponding to 10 ppb of DES in urine are 
shown. 

l Throughout this article the American billion (109) is meant. 
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ume from the 100~,rd volume of prepared sample into the HPLC (a 3 ppb concentra- 
tion corresponding to 3 ng of DES). This volume could easily be increased to 30-50 
~1, but the reduction in the detection limit is small, and the smaller injection volume 
was preferred in order to reduce the load of sample by-products on the HPLC column 
to a minimum. 

The level of sensitivity obtained with FID is similar to that routinely obtained 
by GC-MS using the same sample preparation except that the bis(trimethylsily1) 
derivative of DES is prepared. Of course, the amounts of sample material injected 
were different (as the absolute sensitivity of MS is higher than that of FID). For 
HPLC-GC an extract corresponding to 1 ml of urine was injected (10% of the extract 
from a lo-ml volume of sample). For GC-MS only the extract of about 200 ~1 of 

/4- 4”/min I 
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ECD BY-PASSED , 

Fig. 3. ECD chromatogram of the DES fraction from HPLC, involving the pentafluorobenzyl ether de- 
rivative of the two isomers of DES. Sample spiked with 5 ppb of DES before sample preparation. During 
passage of the solvent vapour through the column, the column eluent was driven away from the detector 
cell through the line usually used for feeding the make-up gas into the detector. 
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urine could be injected (2 ~1 from 100 ~1 of extract). Injection of larger aliquots of 
sample into the GC-MS system increased the absolute peak sizes, but did not im- 
prove the detection limits owing to the simultaneously amplified sample matrix. 

Experiments involving electron-capture detection (ECD) 
The experiments involving ECD were carried out using the pentafluorobenzyl 

ether derivative of DES, as described under Experimental. The chromatogram of a 
typical sample spiked with 5 ppb of DES is shown in Fig. 3. The practical detection 
limits varied between about 0.1 and 0.3 ppb, depending on the urine analysed. There 
is even some room for improvement if a higher sensitivity is desirable: the injection 
volume (10 ~1) could be increased several-fold. The detector attenuation was high, 
although the detector showed only about a fifth of the sensitivity of a new instrument. 

DISCUSSION 

HPLC-GC is an attractive method for routine analyses of trace components 
in complex samples as it substantially decreases the detection limits through a far 
more efficient isolation of the fraction of interest. It improves the sensitivity achiev- 
able primarily by permitting analyses of larger aliquots of sample (allowing the in- 
jection of larger proportions, e.g., of a sample extract). 

The analysis of DES by HPLC-GC-FID provided a similar sensitivity to 
GC-MS. This might turn out to be a generally valid rule of thumb for all kinds of 
samples where the sample matrix determines the practical detection limits and for 
which no clean-up has been carried out involving pre-separation steps of an efficiency 
comparable to that of HPLC. 

Using ECD, the sensitivity of the HPLC-GC method exceeded that obtained 
by GC-MS by at least a factor of ten. At a 0.1 ppb level of DES in urine an amount 
of 0.1-0.2 ng of solute reached the detector, which is far from being at the limit of 
sensitivity of this detector. 

Of course, coupled HPLC-GC-MS would be the method of choice regarding 
sensitivity and specificity of detection. The sensitivity obtained by HPLC-GC-MS 
would correspond approximately to that of HPLC-GC-ECD, but the information 
obtained about the solute represented by the peak at the correct retention time is 
more specific when detected by MS. 

Another potential aspect of HPLCGC did not materialize during our work, 

viz., automation of the procedure. It should be easy to build a system that allows 
relatively dirty samples to be loaded into an HPLC autosampler and to obtain GC 
results automatically. Automation of the transfer step requires a power valve and a 
timer and has been realized by Cortes et aL9. 

The work described here was carried out using a long retention gap according 
to the concept of negligible solvent evaporation during sample introductionlo. Si- 
multaneously we worked on a method of introducing the HPLC eluent through a 
sample loop, involving concurrent solvent evaporationll. This method is restricted 
to solutes eluted at elevated column temperatures (above about 150X9, but is very 
convenient and allows the introduction of considerably larger eluent volumes. 
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