
Introduction
Volatile organic compounds (VOCs), a large 
class of low-molecular-weight, carbon-
containing components, characterized by 

their high volatility and high vapor pressure, are chemically diverse and abundant in nature. Such compounds 
that can be biogenic and produced via various biochemical pathways are also present in and emitted by 
most plant parts (e.g., flowers, leaves, stems, roots). VOCs play an essential role in plant communication, 
pollinator/predator attraction, plant-bacterial interactions, defense, and ecology. By collecting varying relative 
abundances of VOCs emitted by plants, investigators and researchers can identify abiotic and biotic stressors 
as a response to disease, predation, and environmental factors (e.g., sunlight, water, temperature). It is also 
crucial for environmental protection where the detection of compounds at adversely high levels requires 
remediation measures to alleviate their harmful effects.

Qualitative or quantitative plant VOC measurements are of interest to chemical ecologists, biologists, analytical 
chemists, and users (consumers) of plant-based products for food and fragrance applications. There may be 
advantages to VOC assessments when they are conducted directly in the field (or in vivo). VOC analysis can 
be carried out effectively by gas chromatography (GC) for the separation of complex mixture components 
in close-to-real-time. Further, GC hyphenated mass spectrometry (MS) detection enables identification of 
the GC-separated VOC components from a wide variety of plant sources. Person-portable analytical systems 
facilitate on-site measurements and accommodate the immediacy of analysis. Some significant challenges 
associated with field analytical methods include suitable sample collection from a variety of matrices, and 
transfer of the extract to the analytical system. Importantly, the portability or miniaturization of the analytical 
instrument is a crucial feature. Static or dynamic techniques can benefit the analysis as plant VOC levels in the 
atmosphere can fluctuate depending on environmental factors.
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In such cases, headspace (HS) sample collection can be carried 
out by solid-phase microextraction (SPME). SPME sampling can 
extract volatile components from gas or liquid, or from the 
headspace of solid samples by absorbing VOCs to a polymeric 
sorbent supported on fiber. Solid-phase microextraction is  
a faster and less error-prone method when compared to  
liquid-liquid extraction or sorbent cartridge based solid-phase 
extraction, especially when conducted in the field. The sample 
collected on the fiber is introduced into a heated GC injector, 
then directly thermally desorbed to allow VOCs to enter the  
GC column. Split or splitless injection are a commonly employed 
configuration of the injector. In contrast to a typical benchtop 
GC/MS instrument, where samples obtained in the field need  
to be transported to the laboratory and prepared for analysis,  
a person-portable GC/MS instrument normally – and should – 
combine the rapid performance and portability of the dedicated 
field-compatible GC/MS system with fast and easy-to-use 
sampling methods, which are a necessary criteria for performing 
on-site analysis.

Herein, we report the application of a Torion® T-9 portable  
GC/MS system paired with the novel Custodion® HS-SPME 
syringe for the rapid on-site analysis of VOCs in plant material 
utilizing a headspace technique. Upon coupling this technique to 
Chromion® software for data analysis, a result can be obtained 
in less than 10 minutes.1

Experimental

Plant leaf samples were obtained on-site in the “Peppermint 
Garden” at the Royal Botanic Gardens Victoria – Australian  
Garden in Cranbourne, Australia. The samples were collected in 
septa-capped 20 mL vials, and analyzed within about 10 minutes  
of collection. Arabica coffee samples were obtained from a local 
coffee roaster. Herbs and spices were obtained from local sources. 
Samples were equilibrated at environmental conditions for  
10 minutes, and a two minute HS-SPME sampling period was 
carried out using the Custodian SPME syringe. Desorption of the 
extracted solutes from the fiber was done by inserting the sample in 
the GC injection port for subsequent GC/MS analysis.2 For the 
analysis of compounds using portable GC/MS instrumentation, the 
separation of analytes was achieved using a split injection ratio of 
10:1 for 10 seconds, followed by 50:1 on a planar-low thermal 
mass (LTM), low-polarity phase, diphenyl dimethylpolysiloxane 

Figure 1. Torion® T-9 Portable GC/MS . 

(MXT-5, 5 m x 0.1 mm, 0.4 µm) column. All chromatographic 
separation and mass spectrum detection were accomplished with 
a Torion T-9 portable GC/MS equipped with a toroidal ion trap 
mass analyzer using method conditions shown in Table 1. Post 
analysis identification and data deconvolution were performed 
using Chromion PC analytical software.

For comparative analysis between portable GC/MS instrumentation 
and benchtop instrumentation, analysis with an Agilent 
Technologies 7890A GC system (Agilent Technologies, Mulgrave, 
Australia) equipped with a 7000 GC/MS triple quadrupole mass 
spectrometer, and split/splitless injector was also conducted. 
Chromatographic separation was performed using an SLB-5ms 
capillary column (Supelco) with dimensions of 30 m x 0.25 mm I.D. 
x 0.25 µm film thickness. The chromatographic conditions were: 
over temperature program, 50 °C (hold two min) at 10 °C min1; 
injector temperature, 230 ºC, and a split ratio of 10:1. The MS 
transfer line (0.5 m x 0.1 mm I.D.) temperature was 250 °C, and a 
mass scan range of 40-500 Da was used throughout the analysis.

Table 1. GC/MS Method Parameters.

GC/MS Method Parameters

Sampling Process Headspace Solid Phase Microextraction (HS-SPME)

SPME Phase Divinylbenzene/Polydimethylsiloxane (DVB/PDMS, 65 µm)

Injection Split Ratio Split 10:1 for 10 s, followed by 50:1

GC Injector Temp. 270 °C

GC Column MXT-5, 5 m x 0.1 mm I.D., 0.4 µm df

GC Column Temp. 50 °C hold for 10 s, 50 - 270 °C at 1 °C/s or 2 °C/s, hold 
for 60 s

GC Carrier Gas Helium, 0.3 mL/min.

Transfer Line Temp. 270 °C

Ionization Source In-trap electron impact (EI)

Mass Analyzer Toroidal Ion Trap

Mass Range 41-500 Da

Detector Electron Multiplier

Resolution <0.5 m/z at 300 Da, nominal unit mass to 500 Da

Results and Discussion

The separation efficacy of the portable GC/MS was compared  
to a benchtop GC/MS using an Arabica coffee sample and a  
black pepper sample, illustrated in this work as their total ion 
chromatograms (TICs), as shown in Figure 2. In each instance, 
TICs from both the person-portable GC/MS and the benchtop  
GC/MS showed similar qualitative chromatographic elution 
patterns. The person-portable GC/MS demonstrated a higher 
degree of peak co-elution, which correlates to its shorter column 
and higher column temperature ramp rate. The person-portable 
GC/MS generally gave symmetric peaks, which were much 
narrower compared to the benchtop system, owing to its rapid 
resistive heating, compared to the latter’s convection oven 
heating. In this case, samples were returned to the laboratory  
for comparative analysis on the two systems, but near real-time 
analysis of the coffee roasting process can be readily done on-site. 
Spices (pepper in this work) were also analyzed in parallel with 
benchtop GC/MS, again to contrast with classical analysis. But 
field analysis of such spices could equally be conducted depending 
on the goals of the study. 
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Well-resolved peaks, solute retention time (tR), retention indices  
(for an n-alkane mixture injected under the same analytical 
conditions), and extracted mass spectra can be used in conjunction 
with compound identification in different samples. This was 
demonstrated as presented in Figure 3, where the retention times 
and extracted mass spectra of the two asterisked peaks of two leaf 
varieties have a high probability of being the same compound. 
These data were obtained on-site (Royal Botanic Gardens Victoria, 
Australian Garden); approximately 15 samples were analyzed within 
three hours of collection, with a blank SPME injection between 
samples. The sensory “Peppermint Garden” displays Australian flora 
renowned for its distinctive aroma.2 The same cited study also 
reported data for the rapid analysis of hop essential oil, before the 
proposed deployment of the person-portable GC/MS in the field for 
cultivar assessment and identification.

Owing to the high solute loading of some components on the 
GC column, especially for high abundance VOC components  
in some samples and the rapid temperature program employed, 
some VOCs can be poorly resolved chromatographically. In  
such instances of co-elution, the deconvolution of the TIC  
results to derive unique mass spectra for each compound is 
depicted in Figure 4. This, however, is most effective when a 
sufficient number of MS scans across the peak for the onboard 
deconvolution algorithm is applied successfully. The retention 
time, extracted mass spectra and retention indices for each 
solute can be thus obtained and used in identifying compounds 
with higher confidence, as well as for studying statistical 
clustering between various plant VOCs, according to principal 
component analysis (PCA) or similar interpretation, for such criteria 
as species identification, disease state, environmental factors, etc., 
which might be derivable for field-acquired GC/MS data.
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Figure 2. Similar TIC peak profiles seen in portable GC/MS and benchtop GC/MS systems for Arabica coffee (Ai and Aii) and Black pepper (Bi and Bii).
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Figure 3. TICs of the analysis of VOCs of plant leaf varieties Senecio odoratus (A) and 
Boronia heterophylla (B) with an enlarged region of the chromatogram inset (Aii and Bii) 
and the mass spectrum of each peak designated with an asterisk (Aiii and Biii) (Adapted 
with permission from Wong, Y. F.; Yan, D.; Shellie, R. A.; Sciarrone, D.; Marriott, P. J. 
Chromatographia 2018).



Conclusions

HS-SPME and the Torion portable GC/MS were applied successfully 
for rapid on-site analysis of plant volatiles, and also contrasted with 
classical benchtop GC/MS. Loss of chromatographic resolution due 
to the short column and high column temperature ramping rate 
can be compensated for by the ability to apply deconvolution, 
where necessary. Different leaf VOCs can be characterized based 
on their chemical composition. Knowledge obtained through this 
method, combined with various multivariate methods, can be used 
to enable their further classification.
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Figure 4. TIC of Zieria cytisoides leaf variety (A) with the enlarged region (B) undergoing deconvolution with the deconvoluted peaks (i to v) being depicted in C (Adapted with permission 
from Wong, Y. F.; Yan, D.; Shellie, R. A.; Sciarrone, D.; Marriott, P. J. Chromatographia 2018).   
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