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A large amount of biogenic VOCs (monoterpenes and 
sesquiterpenes) is emitted to the atmosphere by 
vegetation, especially in the densely forested boreal 
regions (Hakola et al., 2006). In the atmosphere, these 
compounds are oxidized producing reaction products, 
which may take part in the formation and growth of 
new particles (Tunved et al., 2006).  Even though 
organic compounds account for 20-90 % of the total 
fine particle mass concentration in a wide variety of 
atmospheric environments (Kanakidou et al., 2005), 
only little is known about their detailed composition.  
 For many sesquiterpenes atmospheric lifetimes 
are so short that their concentrations in the air cannot 
even be measured. Therefore knowledge about real 
atmospheric concentrations of the reaction products of 
terpenes is essential for different kind of aerosol 
studies. In this study, acidic reaction products of 
biogenic VOCs, which affect the formation and growth 
of fine particles, were analyzed from PM 2.5 aerosol 
samples taken at Hyytiälä, Finland. 
 Highest concentrations for all studied 
compounds were measured in summer, except pinonic 
acid in 2010. (Table 1). Concentrations peaking in 
summer are most clear for caryophyllic acid. It is 
known to be emitted from typical boreal trees only in 
July and August (Hakola et al. 2006). Limonic acid 
concentrations increased already in spring. Pinonic acid 
is showing relatively high concentrations also in 
winter. Pinonic acid is more volatile compared to other 
acids measured here so that cold winter temperatures 
may have more effect on it’s gas-particle distribution. 
In summer 2010 concentrations of pinonic and pinic 
acids were clearly lower than in 2011.  
 Concentrations of pinonic and pinic acids had 
relatively good correlation during summer months. 
This was expected since they have same precursors i.e. 
they are both reaction products of a- and b-pinene. 
Average concentrations for pinonic acid were 40% 
higher than for pinic acid. Ambient monoterpenes pinic 
and caric acids show clearly the highest concentrations 
during summer months concomitant with their 
precursors (Hakola et al., 2012). β-caryophyllinic acid 
also has highest concentrations in summer, but it’s 
precursor β-caryophyllene  cannot be found in ambient 
air due to it’s high reactivity. Limonic acid 
concentrations increase already in spring even though 
limonene concentrations are still low. 

Table 1. Average concentrations of bio acids during 
different seasons (summer 2010 - summer 2011). 

 
  Average concentrations (ng m-3) 
Bio acid Precursor Sum 
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Pinonic 
acid 

α-pinene  5.7 7.4 9.5 5.8 14.8 8.8 

Pinic acid α-pinene  2.6 4.4 1.5 0.8 10.1 2.0 
Caric acid 3-carene 7.0 2.1 2.5 3.5 7.3 4.0 
Limonic 
acid 

limonene 1.0 0.9 0.5 1.8 1.7 1.2 

β-
caryophylli
nic acid 

β-
caryophy
llene 

3.3 0.8 0.5 0.6 2.8 1.2 

 
Bioacids and their precurosors show a similar 

trend, α-pinene and its reaction products (pinic 
acid+pinonic acid) having the highest concentrations 
and limonene and its reaction product limonic acid the 
lowest.  

 
Hakola H., Tarvainen V., Bäck J., Rinne J., Ranta H., 
 Bonn B., and Kulmala M., 2006. Seasonal 

variation of mono- and sesquiterpene emission 
rates of Scots pine. Biogeosciences, SRef-ID: 
1726-4189/bg/2006-3-93, 93-101. 

 
Hakola H., Hellén H., Rinne J., Henriksson M., and 
 Kulmala M., 2012. In situ chromatographic 

 measurements of volatile organic compounds in 
Boreal Forest. Atmospheric Chemistry and 
Physics Discussion 12, 15565-15596. 

 
Kanakidou M., Seinfeld J.H., Pandis S. N., Barnes I., 
 Dentener F. J., Facchini M.C., Van Dingenen 
 R., Ervens B., Nenes A., Nielsen C. J., 

Swietlicki E., Putaud J.P., Balkanski Y., Fuzzi 
S., Horth J., Mootgat G.K., Winterhalter R., 
Myhre C. E. L., Tsigaridis K.,Vignati E., 
Stephanou E. G., Wilson J, Organic aerosol and 
global climate modelling: a review. Atmos. 
Chem. Phys. 2005, 5, 1053-1123. 

 
Tunved P., Hansson H.-C., Kerminen V.-M., Ström J., 

 Dal Maso M., Lihavainen H., Viisanen Y., 
Aalto P.P., Komppula M., and Kulmala M., 
2006. High natural aerosol loading over boreal 
forests. Science 312, 261-263. 

 


