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Abstract
Solid phase microextraction (SPME) is a relatively new but promising technique 
for sampling volatile organic compounds in air using an absorbent polymer fiber. 
Because no solvent is required, compounds with very low concentrations can be 
collected and quantified with minimal interferences. In this study, SPME is used 
to identify terpene compounds and quantify their concentrations at a local forest. 
Terpenes are one of the major classes of biogenic volatile organic compounds and 
are significant contributors to ozone and secondary organic aerosol production in 
forested environments. To characterize the SPME method, standard mixtures of 
a range of terpene species were prepared in Teflon bags and sampled with SPME 
fibers. Analysis of the fiber samples using gas chromatography mass spectrometry 
(GC/MS) provided characteristic retention times and mass spectra to be used for 
compound identification. Standards with concentrations ranging from 0.1 to 10 
ppb were prepared, and SPME samples were collected using exposure times from 
ca. one minute to two hours, establishing calibration relationships for quantitation 
of these species in field samples. The linear relationships found between peak 
area and exposure time and peak area and concentration suggest that SPME offers 
a valid collection method for quantitative analysis of terpenes. SPME samples 
were collected at Harvard Forest and analyzed under conditions identical to those 
of the standards. A number of terpenes, including a-pinene, b-pinene, camphene, 
3-carene, and limonene, as well as terpene derivatives, were detected. The 
results are compared to the expected compound distribution based on the local 
forest inventory and to total monoterpene concentrations measured using Proton 
Transfer Reaction Mass Spectrometry (PTR-MS).

Background 

•  Monoterpenes, biologically produced compounds with the molecular formula 
C10H16, are emitted from most major tree species in the United States.

•  Monoterpenes constitute ca. 31% of North American continental biogenic 
volatile organic compound (BVOC) emissions, weighted by OH reactivity 
[Guenther et al., 2000]. 

•  The most common monoterpenes found in the Northeast are a-pinene, b-pinene, 
carene, limonene, camphene and myrcene [Geron et al., 2000].  

•  Monoterpene oxidation can form secondary organic aerosol and ozone, which 
have significant effects on air quality and climate.

•  To determine the effects of monoterpene emissions on the atmospheric 
chemistry of local forests, it is necessary to identify the emitted species and 
quantify their emission rates.  

•  Our group has measured total monoterpenes at Harvard Forest for several years 
using Proton Transfer Reaction Mass Spectrometry (PTR-MS), however, this 
technique does not provide information on monoterpene speciation. 

•  In this study, a solid phase microextraction method is developed to complement 
the PTR-MS measurements and provide a means of determining concentrations of 
individual monoterpenes in situ.

•  In addition to monoterpenes, this method can also be applied to oxygenated 
terpenes and sesquiterpenes (C15H24 compounds).

 

   

Method
•  Solid phase microextraction (SPME) is an efficient way to extract volatile 
organic compounds (VOC’s) from air. SPME uses a fiber coated with an 
adsorbent material (75 mm Carboxen/polydimethylsiloxane (PDMS)).  

•  When the fiber is exposed to air, any VOC’s present are adsorbed.

•  After sampling, the fiber is retracted into a protective needle and is ready for 
analysis by Gas Chromatography-Mass Spectrometry (GC-MS). 

•  The fiber is injected into the inlet of the GC-MS, which is heated to 300 C to 
volatilize the absorbed species, which are then transfered to the column by the 
carrier gas.

•  The GC then separates the compounds based on volatility. The more volatile 
compounds pass through the column faster than the less volatile ones. 

•  At the end of the column is a MS 
detector that ionizes the molecules by 
electron impact and produces a mass 
spectrum for each.

•  GC-MS settings are shown in the 
table at right.

•  Detection limits on the order of 10 pptv have been obtained previously for 
terpenoid species in air using sample times of 1 hour or less [Bouvier-Brown et 
al. 2007]. 

Site
•  Field studies 
were carried out at 
the Environmental 
Measurement Site (EMS) 
at Harvard Forest in 
Petersham, MA (42.54 N, 
72.17 W), approximately 
35 miles from Amherst 
College [Harvard Forest].

•  Air samples were 
obtained on a walk-up 
tower at heights of ~5, 15, 
and 25 m within the forest 
canopy.

•  Harvard Forest consists of 38% oak trees, 22% maple, 8% red pine, 13% 
hemlock, 4.7% birch, 6.6% white pine, 2.6% cherry, 1.9% spruce and 0.8% 
beech. The table at right shows the distribution of monoterpene emissions 
expected based on this species distribution.
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Characterization of SPME Fibers
•  The fibers were characterized by sampling dilute gas mixtures of pure 
monoterpene standards.  

•  The standard mixtures were made by injecting 10 mL of a ~1 - 100 ppmv 
solution of monoterpene in hexane into a 1 slpm nitrogen gas stream via a 
3-headed flask. The solution evaporated and was carried into a teflon bag. The 
bag was filled with a total of 30 L of gas. 

•  The figure below shows the resulting chromatograms for a series of 5 
monoterpenes and b-caryophyllene, a sesquiterpene. 

•  The standard mixtures allowed for determination of the retention time and 
mass spectrum for each terpene, which are then used to identify that species in 
ambient samples. 

•  Retention times for a series of monoterpenes, 
oxygenated terpenes, and sesquiterpenes, are 
given in the table at left. 

•  To quantitatively relate terpene peak areas to 
sample time, a series of SPME samples with a 
range of exposure times were taken from mixtures 
of several different concentrations. Results for 
b-pinene are shown in the graph below. 

•  The graph also shows 
the relationship between 
peak area and terpene 
concentration. Additional 
experiments to fully 
characterize this relationship 
for a given sample time are 
underway. 

  

             Analysis of Forest Samples
•  The table at left shows an estimate of the expected monoterpene 
distribution at Harvard Forest based on an inventory of tree species 
at the site and reported emission rates for each species [Geron et al., 
2000]. a-pinene is predicted to be the most abundant monoterpene, 
but several others also have significant emission rates.

•  The expected distribution can be compared with the sample shown 
below, collected at Harvard Forest on July 18, 2009 at 3:00 pm. 
Sample duration was 1 hour.

•  Peaks were identified using the retention times for the standard 
mixtures.

•  Several other terpenoid compounds were observed. Of these, some were 
tentatively identified based on the corresponding mass spectrum. The remainder 
are presently unidentified. 

•  Peak areas are consistent with typical summer daytime total monoterpene 
concentrations of ~ 1ppbv measured using PTR-MS. 

Conclusions
•  We were able to detect and identify a range of terpene species in forest 
air using SPME. The method shows great promise for use in measuring 
concentrations of specific terpenes.

•  The distribution and magnitude of the terpene peaks are consistent with 
expected values based on the forest inventory and measurements of total 
monoterpenes by PTR-MS.

•  Future goals include identifying additional species present in the forest 
samples and developing quantitative relationships for determining individual 
monoterpene concentrations from SPME sample analysis.
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Inlet Temperature 300˚C
Desorption Time 2 minutes
Column  DB-5ms 30m, 0.25mm, 0.25um 
Column Temperature 40˚C-200˚C @ 10˚C/min
Carrier Flow He @ 1.0 mL/min 
Mass Scan Range 35.00 - 205.00
Split Mode Splitless

GC/MS Parameters
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Terpenoid Retention Time (min)
α-Pinene 8.80
Camphene 9.13
β-Pinene 9.76
Myrcene 10.10
*3-Carene 10.46
α-Terpinene 10.59
d-Limonene 10.84
γ-Terpinene 11.39
Linalool 12.14
Thujone 12.27
Caryophyllene 16.97

Structures of Common Monoterpenes

Adapted from Kesselmeier and Staudt, 1999.

SPME Schematic

Adapted from fieldforensics.com

The walk-up tower at Harvard Forest

Chromatogram of Forest Sample (Full Scale)

    Alpha Pinene

Camphene
Camphor

UnknownUnknown

Beta Pinene

 FIber Artifact

Red = Identifed by Retention Time

  Artifact

Artifact

Limonene Cineole
Nopinone

Chromatogram of Forest Sample (Expanded)

Species Found in Harvard Forest % present a-pinene b-pinene *3-carene d-limonene camphene myrcene p-cymene ocimene
Red oak (Quercus rubra )** 38 34.8 6.1 0.4 13.4 6.8 0.4 10.9 14.7
Red maple (Acer rubrum )** 22 21.1 4.3 25 13 5.1 7.9 0 0
Red Pine (Pinus resinosa) 8 9.8 0.2 1.8 34.9 19.3 7.3 22 0
Eastern hemlock (Tsuga canadensis ) 13 14.5 5.9 0.7 15.8 27.8 1.3 21.5 0
Yellow birch (Betula alleghaniensis ) 4.7 28.3 4 0 23.2 26.3 0 14.1 0
White pine (Pinus strobus ) 6.6 25.3 19.7 0.1 0.1 14.2 29.1 0 0
Cherry Prunus ** 2.6 37.6 15.7 1.2 9.7 12 9 0.4 25
Red spruce (Picea rubens ) 1.9 20 8.1 26.2 5.6 28.8 5.8 1.7 0
Beech (Fagus grandifolia ) 0.8 31.5 12 6.2 24.3 4 1.5 12 0

Distribution of Monoterpenes (%): 91.18 25.14 6.19 6.47 14.45 11.93 4.92 9.50 6.24

**denotes average values for the genus
The table above describes the projected distribution of the most abundant monoterpenes found in Harvard Forest, MA. 
Abundant species of trees found in Harvard Forest was found on the Harvard Forest website (http://harvardforest.fas.harvard.edu/research/expsitedesc.html).
 The monoterpene abundance distribution per species or average for the genus from the values reported by Geron, et al., 2000. 

Harvard Forest Monoterpene Emssion Estimates

Chromatograms of Terpene Standards


