
Enhanced Method Detection 
Limits for irm-GC/MS of Volatile 
Organic Compounds Using Purge 
and Trap Extraction
Luc Zwank, Michael Berg, Swiss Federal Institute for Environmental Science and Technology 
(EAWAG), Switzerland

A
p

p
lica

tio
n

 N
o

te
 3

0
0

5
3

Introduction
Compound specific isotope analysis (CSIA) has become an 
important tool in manifold scientific applications, 
including environmental and hydrological studies. CSIA 
has already been successfully used in the assessment of in 
situ remediation of contaminated environments, identifi-
cation of pollutant degradation pathways or the 
verification of contaminant sources. In this type of 
studies, the sensitivity of isotope ratio monitoring GC/MS 
(irm-GC/MS) is often a limiting factor, since concentra-
tions of organic contaminants in groundwater are very 
often in the low µg/L range. Hence, in order to be able to 
routinely use irm-GC/MS techniques in environmental 
studies, efficient extraction procedures are required. One 
possible solventless extraction technique that already has 
been used in combination with irm-GC/MS is, solid phase 
microextraction (SPME). Zwank et al.[1] have evaluated 
different injection and enrichment techniques combined 
with irm-GC/MS including SPME and purge and trap 
(P&T). 

This application note summarizes the major results for 
P&T, which allowed the lowest method detection limits 
for volatile organic compounds (VOCs) reported so far. 
While P&T is a routinely used extraction method for the 
trace level quantification of volatile organic compounds, 
the on-line coupling of P&T with irm-GC/MS has rarely 
been reported[1-4]. All these studies, however, either rely 
on offline extraction steps that are not suited for routine 
analysis or do not provide a systematic evaluation of the 
P&T- irm-GC/MS method with regard to its (potential) 
effects on the isotopic composition of the analytes. 

Since the P&T-procedure includes various phase transi-
tion steps that may shift the isotopic signature of the 
analytes (evaporation, sorption, condensation), we 
evaluated the effects of the P&T-method parameters such 
as purge time, desorption time, and injection temperature 
on the determination of the δ13C-values of the 1,1-dichlo-
roethylene, trans-1,2-dichloroethylene, 
cis-1,2-dichloroethylene, trichloroethylene, tetrachloro-
ethylene, tetrachloromethane, chloroform, methyl 
tert-butyl ether, benzene and toluene. Results of the 
evaluation of on-column and split-splitless injection as 
well as solid phase microextraction of the same analytes 
are discussed in further detail in a paper by Zwank et al.
[1]. 

Experimental Section 
Gas-Chromatography Combustion Isotope Mass 
Spectrometry (irm-GC/MS)
The compound specific isotope ratios of 10 different 
volatile organic compounds (Table 1) were determined 
using a Thermo Scientific™ TRACE GC™ system coupled 
to a Thermo Scientific DELTAplusXL™ isotope ratio mass 
spectrometer via a Thermo Scientific GC Combustion III™ 
interface maintained at 940°C.
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The GC was equipped with a deactivated precolumn  
(0.5 m x 0.53 mm) (BGB, Anwil, Switzerland) and a 
Restek Rtx-VMS capillary column (60 m x 0.32 mm,  
1.8 m film thickness). Helium at a constant pressure of 
180 kPa was used as carrier gas. In addition to the Isotope 
Ratio MS, the GC was equipped with a flame ionization 
detector (FID) that received approximately 10% of the 
carrier gas. The temperature program used to obtain 
baseline separation of the target analytes was as follows: 
2 min at 40°C, then to 50°C at 2°C/min, 4 min at 50°C, 
then to 100°C at 8°C/min, 2 min at 100°C, then to 210°C 
at 40°C/min, 3.5 min at 210°C. 

A purge and trap concentrator Tekmar LSC3100 together 
with a liquid autosampler Tekmar AQUATek 70 was 
coupled on-line to the precolumn of the irm-GC/MS 
system through a cryofocussing unit. 

The aqueous samples were filled 
into 40 mL vials without headspace. 
25 mL of the water samples were 
transferred by the autosampler into a 
fritted sparging glassware and purged 
for 30 min with N2 (40 mL/min). The 
analytes were trapped on a VOCARB 
3000 trap at room temperature. By 
heating the trap to 250°C for 1 min 
the analytes were thermally desorbed 
and transferred to the cryofocussing 
unit maintained at -120°C using 
liquid nitrogen. The GC temperature 
program was started with the flash-
heating of the cryofocussing unit. 
These method parameters have 
been optimized in order to obtain 
sufficient extraction efficiencies for 
the different analytes[1]. An example 
chromatogram is shown in Figure 1.

For the evaluation of the effects of one parameter on the 
δ13C-measurement, all other parameters were kept 
constant. Aqueous solutions of the target analytes were 
obtained by spiking aliquots of methanolic stock solutions 
into tap water. Tap water consistently showed the lowest 
background contamination levels of volatile organic 
compounds and thus the least potential for interference 
with our analytes[5]. The isotopic signatures of all the 
compounds relative to Vienna PeeDee Belemnite (VPDB) 
were obtained using CO2 that was calibrated against 
referenced CO2.

Figure 1. Chromatogram of on-line P&T- irm-GC/MS analysis. The concentrations of the different analytes were adjusted to achieve 
similar signal intensities (1.7 µg/L (Toluene) - 32 µg/L (CCl4)). The three first peaks correspond to the reference CO2 gas.
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Compounds in  Method detec. EA-IRMS P&T-  
order of  limit   irm-GC/MS 
GC-elution (µg/L in water)

1,1-dichloroethylene 3.6 - 29.25 + 0.14 - 29.07 + 0.08

trans-1,2-dichloroethylene 1.5 - 26.42 + 0.17 - 25.61 + 0.22

methyl tert-butyl ether 0.63 - 28.13 + 0.15 - 27.75 + 0.09

cis-1,2-dichloroethylene 1.1 - 26.61 + 0.06 - 25.96 + 0.07c

chloroform 2.3 - 45.30 + 0.19 - 46.22 + 0.14c

tetrachloromethane 5.0 - 38.62 + 0.01 - 38.37 + 0.27

benzene 0.3 - 27.88 + 0.20 - 27.27 + 0.20

trichloroethylene 1.4 - 26.59 + 0.08 - 26.11 + 0.20

toluene 0.25 - 27.90 + 0.24a - 27.16 + 0.35

tetrachloroethylene 2.2 - 27.32 + 0.14 - 26.76 + 0.19

Table 1. Method detection limits, accuracy and reproducibility of purge and trap 
extraction coupled to irm-GC/MS.



Influence of the Oxidation Capacity  
of the Combustion Unit 
Our experience shows that it is necessary to oxidize the NiO-CuO 
catalyst frequently in particular when δ13C-values of halogenated 
compounds are measured. Significant deviations of the isotopic 
composition determined for the chlorinated compounds from the 
values of the pure phase compounds determined by EA-IRMS 
resulted when the combustion unit was not oxidized before the 
measurements. In a series of liquid injections in split mode without 
prior oxidation, the following deviations from the original  
δ13C-values were observed: -0.93 + 0.21‰ for trans-DCE, -2.23  
+ 0.17‰ for cis-DCE, -8.95 + 0.44‰ for CHCl3, -6.64 + 0.37‰ for 
CCl4, -2.94 + 0.13‰ for TCE and -3.03 + 0.31‰ for PER. In the 
case of the non-chlorinated analytes this effect was not observed. 

The oxidation capacity of the combustion unit was still sufficient to 
maintain the specified sensitivity, while the δ13C-determinations of 
halogenated compounds were already strongly affected. After a 
reoxidation of the combustion unit, the irm-GC/MS measurements 
yielded again isotopic signatures, which corresponded well to the 
δ13C-signatures determined beforehand. As a consequence of this 
effect, we regularly oxidized the catalyst by flushing oxygen through 
the oven for at least one hour after about 40 samples. After this 
oxidation phase, the oxygen background was typically elevated so 
that a conditioning period of 2 hours was necessary to remove 
excess of oxygen and to obtain reproducible isotopic measurements. 
The δ13C-values presented in this paper have all been determined 
after a sufficient oxidation of the catalyst, hence the deviations of 
the isotopic values from the elemental analyzer data are due to 
fractionations resulting from the sample preparation and the 
injection/concentration procedure(s).

Determination of Method Detection Limits
In order to obtain reproducible δ13C-values, the irm-GC/MS signals 
should reach an amplitude of about 0.5 V (m/z 44), according to the 
technical specifications of the mass spectrometer. Hence, the method 
detection limits reported in this paper correspond to the concentra-
tions yielding peak amplitudes of 0.5 V. These concentrations were 
obtained based on a 5 point calibration curve measured in duplicate 
using the peak height of the 12CO2-peak (m/z 44) measured on the 
IRMS. If not mentioned otherwise, the stated reproducibility 
corresponds to the single standard deviation of 10 replicate 
measurements.

Determination of Extraction Efficiencies 
The FID chromatograms were used to determine the absolute 
amount of the individual analytes injected on the GC-column after 
the SPME- and P&T-extraction steps. The quantification was based 
on a 5 point calibration curve obtained from on-column injection. 
The extraction efficiency corresponds to the ratio of the absolute 
amount of the analyte injected on-column to the total amount of 
analyte present in the aqueous sample. 

Assumptions for Calculation of  
P&T-Extraction Efficiency
The volume of purge gas needed to transfer a given fraction of a 
dissolved compound from the aqueous sample to the trap could be 
predicted fairly well by assuming that the compound in the aqueous 
phase is permanently in equilibrium with the purge gas. The 
following equation has been used to determine extraction efficiency 
of the analyte:     

Where Ciw(0) and Ciw(t) are the concentrations in the aqueous phase 
before the extraction and after the purge time (t), respectively. Vw 
stands for the volume of the aqueous sample (e.g. 25 mL) and G for 
the purge gas flow rate (e.g. 40 mL/min). Kiaw stands for the 
air-water partition constant that characterizes the partitioning of a 
compound i between the two phases[1].  

Results 
Figure 2 shows typical results obtained by the variation of the purge 
times for representative analytes of different compound classes. The 
measured extraction efficiency could be predicted quite well (see 
Table 1) by applying the dynamic phase equilibrium model (using 
Equation 1), hence the aqueous phase was in equilibrium with the 
gas phase throughout the purging process. Differences between 
measured and predicted extraction efficiencies for benzene and PER 
result from trap breakthrough. The δ13C-values varied significantly 
for extraction efficiencies below 40%, but approached the pure 
phase compound isotopic signatures with increasing extraction 
efficiencies. MTBE being the compound with the smallest air-water 
partition constant (Kiaw) among the evaluated substances showed the 
slowest increase of extraction efficiency with purge time. But also in 
this case, stable δ13C values were obtained for extraction efficiencies 
above 40%. A slight deviation towards heavier isotopic values 
remained for most analytes, even for relatively high extraction 
efficiencies (> 60%). The extent of the observed fractionation due to 
P&T analysis was compound-specific, but the direction of the effect 
was the same for all the analytes except for 1,1-DCE. For short 
purge times (i.e. low extraction efficiencies) all analytes except of 
1,1-DCE were enriched with the heavier isotope. This is consistent 
with the “inverse isotope effect” commonly observed for evapora-
tion processes of organic compounds[6]. 

It is not clear why an opposite effect occurred for 1,1-DCE, i.e. the 
preferential enrichment of the lighter isotope in the gas phase. The 
most volatile analytes were partly lost from the trap with increasing 
purge times as can be seen for 1,1-DCE in Figure 2. At our experi-
mental conditions, the loss of analytes due to trap breakthrough 
only had a limited effect on the extraction efficiency (-5 to -15%), 
and thus on the method detection limit. No significant isotopic 
fractionation associated with this breakthrough was observed. 
Longer trap desorption times (> 1 min) showed no influence on the 
sensitivity nor on the δ13C-values, demonstrating that temperatures 
of 250°C for 1 min were sufficient to completely desorb the analytes 
from the trap. However, for shorter desorption times (30 s) we 
observed a drop in sensitivity of about an order of magnitude 
accompanied with a significant deviation in the δ13C-value of up to 
- 10‰, demonstrating the necessity of complete thermal desorption. 
Hence, in the case of less volatile compounds, the desorption 
parameters need to be adjusted to assure reproducible δ13C/
δ12C-measurements and sensitive detection of the analytes.



As can be seen from Table 1, P&T allowed very reproduc-
ible isotope ratio measurements at concentrations in the 
low µg/L-range with no significant deviations from the 
elemental analyzer data (with the exception of cis-DCE 
and chloroform, which showed small deviations). In order 
to obtain highly reproducible 13C data, it is important to 
assure relatively high extraction efficiencies (> 4%) and 
constant P&T parameters. For analytes that have not 
been validated in this work, the extraction efficiency can 
be estimated from their air-water partition constant 
(adjusted to the appropriate temperature) using equation 
1. This estimation does not account for analyte losses 
related to a breakthrough from the trap (see differences 
between measured and predicted extraction efficiencies 
with increasing purge times for PER and benzene in 
Figure 2).

It is however possible to use equation 1 to obtain a good 
estimate of purge times needed to achieve the necessary 
40% extraction efficiencies (see Table 1).

P&T allowed MDLs ranging from 0.25 to 5.0 µg/L, 
depending on the analyte, which corresponds to the 
highest sensitivity of CSIA for volatile compounds, 
reported so far. These results are due both to the high 
sample volume (25 mL) as well as the high extraction 
efficiency (up to 80%) of the analytes. Thus, P&T-irm-
GC/MS allows determining compound specific stable 
isotope signatures of contaminant concentrations 
frequently found in groundwater. As Figure 3 and Table 1 
show, P&T allowed highly reproducible CSIA 
measurements.

Figure 2. Purge and Trap. Influence of increasing extraction times on the extraction efficiency (open circles) of different analytes and 
their isotopic signatures (filled triangles). The horizontal bar corresponds to the 13C (+ triple standard deviation) of the pure phase liquid 
determined with an elemental analyser-IRMS. The dotted line corresponds to the predicted extraction efficiency using equation (1) with 
Kiaw corrected for 23 °C. Because of coelution with the solvent peak, calibration of 1,1-DCE by OC injection was not possible. Hence FID-
signal areas are plotted instead of extraction efficiencies for 1,1-DCE.
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Figure 3. Reproducibility and accuracy of P&T- irm-GC/MS. The 
plot shows the differences to the pure liquid standards measured 
by EA-IRMS. The horizontal bars correspond to a 13C-measurement 
within a +0.5‰ interval of the EA-IRMS measurements allowing a 
direct comparison between the different compounds. 

However, the determined 13C/12C-ratios tend to show 
slight enrichments of the heavier isotope, similar to the 
observations made by Smallwood et al.[3]. Hence, to 
assure a high accuracy, it is advisable to validate the 
selected procedure by using external standards (i.e., 
aqueous reference samples containing all target analytes 
with known isotopic signatures) because the observed 
small fractionation effect due to the extraction is highly 
compound specific and thus can not be accounted for by 
the use of an internal standard. Expressed as the absolute 
amount of carbon injected on-column, the averaged 
MDLs for the analytes correspond to 0.4 + 0.1 (P&T) 
nmol C on-column. As can be seen from Figure 1, the 
P&T method yields very clean chromatograms with very 
sharp peaks (due to cryofocussing), so that the detection 
limit (defined in this case as peaks of minimal height, i.e. 
0.5 V) could even be slightly lowered. 

Since the validated extraction technique shows little if any 
carbon isotopic fractionations due to relatively high 
extraction efficiency, it is also applicable for CSIA of 
D/H-ratios which requires 10 - 20 times higher analyte 
concentrations than 13C/12C-analysis. P&T pre-concen-
tration methods could also be used to lower analyte 
concentrations needed for 15N/14N, and presumably for 
18O/16O analysis.
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