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I. INTRODUCTION

On a global scale, biogenic emissions account for 90% of the reduced carbon emitted to the atmos-
phere (011000+600Tg/y). Biogenic emissions of organic compounds mostly occur in the gas phase,
: however, partitioning between the gas and particle phase is also possible. The use of novel tech-
niques, such as comprehensive gas chromatography (GCxGC) has demonstrated that a substantial
fraction of organic species in the gas and particle-associated phases have not been identified and
measured, and thus, are not considered in biogenic emission inventories.

Deciduous and coniferous forests are the pn.ucxpal emitters of a complex mixture of i isoprene (CsHg),
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monoterpenes (CioH), and

(CysHay).
mosphere producing secondary organic aerosols (SOA) with 100% yields. The SOA are hydrophilic #
and scatter light, and thus increase albedo and lead to a cooling effect. In addition, both monoterpene
- and sesquiterpene-generated SOA are effective cloud condensation nuclei leading to an increase in
the particle number concentration and to the formation of clouds that also increase albedo.
The objective of this study was to resolve and identify the complex mixture of terpenes in essential
oils of plants by GC-MS. The motivation of this work was to develop analytical methodologies to in-

vestigate pathways of biogenic SOA formation.

are readily oxidized in the at-
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III. RESULTS
Black Spruce

a) IDGC-MS

b) IDGC-TOF-MS,

II. METHODS

Seventeen terpene standards (8 monoterpenes, CoHjs (a-pinene, camphene, B-pinene, myrcene, 3-
carene, limonene, ocimene and terpinolene), 1 monoterpene alcohol, CioHixO (lmalonl) 5 sesq

Figure 1. Total Ion Chromatogram (TIC) of Black
Spruce by a) IDGC-MS and b) GC-TOF-MS
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Table 1. Comparison of terpenes identified by
2DGC-TOF-MS and 1DGC-MS in Black Spruce*.
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* In addition to the compounds presented in the table, 56 ter-
penes and 12 acetates were identified by 2DGC-TOF-MS
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Figure 2. Total lon Chromatogram (TIC) of Black Spruce by 2DGC-TOF-MS
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Figure 7. Comparison of essential oil composition by 2DGC-TOF-MS

penes C,sHay (copaene, d car;

and 3 alcohols

C.;HuO (cis-nerolidol, tmns-nerohdol and cedrol)) were prepared and analyzed by gas chromatog-

y (GC-MS).
and 2DGC-TOF-MS.

times and mass spectra were obtained by 1DGC-MS

Essential oils recovered from leaves and needles of Picea mariana (Black Spruce), Pinus sylvestris

Scots Pine

ed into the IDGC-] to study their

(Scots Pine) and Thuja occidentalis (Cedar) by steam distillation were diluted to 10 pg/pl and inject-
MS i

TDS-1DGC-MS

Sample introduction: Thermal Desorption
Unit (TDU).

Injection: Manual injection of 2 pL using a
stainless steel minitube. Splitless injection.
Thermal desorption temperature: 200°C, 10
min hold.

Cool inlet system (CIS) temperature: 0°C

GC: Agilent 5890 Gas Chromatograph
Inlet: Split/Splitless

Carrier gas: H, at 1.8 ml/min

Column: DBS, 60 m x 0.25 mm

GC oven: 70°C (1 min hold) to 250°C (5 min
hold) at 7°C/min.

MS detector: HP 5972
Tonization: EI at —70eV/
lon Source temperature: 200°C

2DGC-TOF-MS

‘Sample introduction:
Injection port temperature: 200°C
Injection: Manual injection of 2 uL (splitless).

GC: Agilent 6890 Gas Chromatograph
Inlet: Split/Splitless

Carrier gas: He at 1.0 ml/min

Primary column: DB-5MS, 30 m x 0.25 mm x
0.25

Secondary column: DB17, 10m * 0.10 mm x
0.10 um

Pn.mary oven: 70°C (1min hold) to 250°C

(5 min hold) at 7°C/min.

Secondary oven: 5°C offset from primary ov-
en

Modulator: 30°C offset from primary oven
Modulation time: 5s

Transfer line temperature: 250°C

MS detector: TOF-MS Pegasus 4D
: EL at—70eV

Spectral rate: 2
Acquired mass range: 50—425 u

Data analysis and library hif
Chemstation vB.01.00, 1998. leeyl 38 library

Ion Source temperature: 200°C

Spectral acquisition rate: 200 spectra/sec
Acquired mass range: 35-400 u
Acquisition delay: 80 s

Data analysis and library hits:
ChromaTOF v4.22. May 7, 2009. NIST library:

a) IDGC-MS

| b) IDGC-TOF-MS|

i-
&
o
&
E
¥

Figure 3. Total Ion Chromatogram (TIC) of Scots
Pine by a) IDGC-MS and b) IDGC-TOF-MS

Table 2. Comparison of terpenes identified by
2DGC-TOF-MS and IDGC-MS in Scots Pine*.
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* In addition to the compounds presented in the table, 53 ter-
penes and 3 acetates were identified by 2DGC-TOF-MS.
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Figure 4. Total Ion Chromatogram (TIC) of Scots Pine by 2DGC-TOFMS

Figure 8*. Approximate composition of essen-  Figure 9*. Approximate composition of essen-
tial oils > 1% (assuming response factors are  tial oils < 1% (assuming response factors are
equal) equal)

c
The response factors O CuO-CoH0 = 10,55 n sandards.
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of terpene standards by 1DGC-MS

is attnbuted to the length of the column in the IDGC-MS.

2. Identification of terpenes: Identification of the complex mixture of terpenes in essential oils was
achieved by the combination of retention time analysis of authentic standards, deconvolution integration,
2DGC-TOFMS, and the Wiley and NIST libraries. The 2DGC-TOF-MS allowed identification of 56 ter-
penes in Black Spruce, 53 in Scots Pine and 41 in Cedar, in comparison, 7, 12 and 17 terpenes, respec- 3
tively, were identified by IDGC-MS.

3. Essential oil The of Black Spruce, Scots Pine and Cedar, was investigated.
The monoterpenes (CyoH) compose 80% of Scots Pine, 57% of Black Spruce, and 34% of Cedar,
whereas sesquiterpenes (CisHas) compose less than 1% of the studied tree species. Other than monoter-
penes, the most abundant compounds were the following: Black Spruce was composed of 40% of
C2Hy0,, Scots Pine was composed of 15% of CygH;s0, and Cedar was composed of 60% of CyoH;cO.
Possible alteration of the terpene distribution by steam distillation is unknown and requires further in-

f CioHis:CisHau= 1:1.15 in standards.

to IDGC-TOF-MS

Cedar

a) IDGC-MS

b) IDGC-TOFMS,

Figure 5. Total Ion Chromatogram (TIC) of Cedar
by a) IDGC-MS and b) IDGC-TOFMS

Table 3. Comparison of terpenes identified by
2DGC-TOF-MS and 1DGC-MS in Cedar*.
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* In addition to the compounds presented in the table, 41 ter-
penes and 9 acetates were identified by 2DGC-TOF-MS.
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Figure 6. Total lon Chromatogram (TIC) of Cedar by 2DGC-TOFMS

References

[1] Goldstein, A. H. and L. E. Galbally, 2007: Known and i tuents in the Earl' here, Environ. Sci. & Tech. 41, 15141521
[2] Huff Hartz, K. ., T. Rosen& m, S. R. Ferchak, T. M. Raymond, M. Bilde, N. M. Donshue, and . . Pandis, 2005: Cloud condensation nuelei activation
L1 Geophys. Res...110.

3] Karl, T, A. Guenther, A. Turnipsced, E. G. Patton, and K. Jardine, 2008: Chemical sensing of plant
12871204

[4] Marriott, P, and R. Shellic, 2002: Trends in Anal. Chem., 21, 573-583

B (5] Marriott P. J., R. Shellic, and C. Comwell, 2001: gies for ls. J of Chrom. 4., 936, 1-22. )
5 (6] Tolocka, M. P, M. Jang, J. M. Giner, F. J. Cox, R. M. Kamens, and M. V. Johnston, 2004 Formation of Oligomers in Secondary Organic Acrosol. Envi-
ron Sci. & Tech., 38, 1428-1434,

(7] von Mhlen, C., C. A. Zini, E. B. Caramiio, and P. J. Marriott, 2008: C

stress at the ccosystem scale. Biogeosciences, S,

? cknowledgements

# The Mexican National Science Foundation, Consejo Nacional de Ciencia y Tecnologia (CONACyT) for
_: the fellowship to Rosa Flores.

#Dave Perram for technical support.



