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Executive summary

In the described project “ForestSOA” a set of experiments were conducted in the ACD-C smog chamber. The

conducted experiments included reactions of freshly distilled pine oil with OH radical and ozone. Overall 15

experiments were conducted in this project. During the experiments a number of instruments for the

characterization of the particle and gas phase were used, such as Mobility Particle Size Spectrometer (MPSS),

Proton-Transfer-Reaction Time of Flight Mass Spectrometer, trace gas analyzers, an Aerosol Mass Spectrometer, a

Chemical Ionization Time of Flight Mass Spectrometer. Obtained during experiments results reveal a lot of

interesting data which described the formation and transformation of secondary organic aerosol in the rural area.
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Scientific objectives

Atmospheric aerosols are formed from a wide variety of natural and anthropogenic sources. An important source of

atmospheric aerosol is the oxidation of non-methane hydrocarbons, including mono- and sesquiterpenes emitted

by plants through complex biochemical processes accompanying their growth. It was found that the global

emission of biogenic volatile organic compounds, which is estimated to be 500 – 1130 Tg/year, greatly exceeds the

emission from the anthropogenic sources that account for 100 – 150 Tg/year. Therefore, natural sources must

receive special attention for a detailed description of atmospheric aerosol formation and its reaction.(Hallquist et. all

2009) 

In Europe, depending on the region coniferous trees like pines, spruces, and firs are the most common to build

forest flora. Considering each species is characterized by a particular emission of gas-phase volatile organic

compounds, the complex forest’s atmosphere can be described as a chemical reactor, where a number of products

react with oxidizing species such as ozone (O3), OH/NO3-radicals, and with each other making the composition

analysis of forest atmosphere even more complicated.(Aydin et all.2014) 

Therefore, the model approach using an aerosol chamber system will be used to mimic processes occurring in the

forest atmosphere. Aerosol chambers are widely used to study atmospheric processes. However, there is a lack of

experiments in the aerosol chamber focusing on the complicated aerosol composition form in the forested area.

Most of the research focuses on the reactions of a single precursor without considering the complex forest

composition or on e.g. on biomass burning which is considered mostly as an anthropogenic emission.(Chu et. all

2022) 

Therefore, in the presented project, experiments were based on the reactivity of freshly distilled pine needle oil

serving as a representative of tree emission. The distilled oil was previously measured to contain mainly non-

methane hydrocarbons, such as mono-/sesquiterpines, and terpenoids. Moreover, the needle oil composition

follows compounds emitted by tree species.(Aydin et all.2014) 

Such an approach, although complicated, allowed us to take a step further in the chamber studies, and mimic an

aerosol formed in the forested area. Therefore, the main objective of this proposal was to study the BSOA

formation, oxidation chemistry, and properties of the aerosol particles formed through the first generation reactions

but also later generation chemistry of important biogenic SOA precursors. The proposed approach tackled several

important questions which cannot be answered by experiments with a single precursor: (I) does the oxidation of a

group of atmospherically relevant precursors influence overall SOA formation?; (II) do oxidation products forming

SOA interact with each other’s?; (III) how interactions influence the composition of gas-phase and aerosol

particles?; (IV) are the AMS spectra of the chamber mixture and rural site comparable?; (V) do recorded AMS

spectra can serve as a fingerprint explicitly corresponding to the oxidation of the terpene?; (VI) are there some new

oxidation products with higher potential to form SOA particles? 
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Reason for choosing station/ infrastructure

We have already collaborated successfully with the ACD-C team in the past in studying the oxidation of cresol,

pinene and limonene with NO3 radicals reactions using the smog chamber system. Moreover, the chamber facility

operating for the last several years yielded a number of important publications. Moreover, the ACD-C smog

chamber is equipped with a set of instruments necessary to fully describe the studied process. Available for the

characterization of the particle and gas phase are Mobility Particle Size Spectrometer (MPSS), Proton-Transfer-

Reaction Time of Flight Mass Spectrometer, trace gas analyzers, an Aerosol Mass Spectrometer, a Chemical

Ionization Time of Flight Mass Spectrometer.

Activities during the TNA (research, training, events, ...)

During the TNA a set of smog chamber experiments were conducted. The studied proccess was: reaction of

destilled pine oil with ozone or OH radicals.

Method and experimental set-up

The indoor smog chamber facility located in ACD-C is a 30 m3 temperature-controlled room. Teflon smog chamber

(~19 m3) is placed in the chamber room with aluminum-coated walls and is equipped with a series of black light

lamps that emit in the wavelength range between 300 and 450 nm. A suite of state-of-the-art instrumentation is

used to follow both the gas and aerosol phase processes inside the smog chamber. Smog chamber is equipped

with a number of monitors for the gas-phase (CO, NO, NO2, O3, SO2, VOCs) and particle-phase (size distribution,

mass/composition distribution using an Aerosol Mass Spectrometer, black carbon) pollutants and their properties

(scattering, absorption, volatility).

Experiments were conducted in 50% relative humidity. The humidifier was connected to the inlet air stream to

enable the humidification of air entering the chamber. Experiments were conducted using ammonium sulfate /

sulfuric acid seed ((NH4)2SO4 / H2SO4 particles of pH = 4 at 50 % RH). The seed particles were injected via a

nebulizer without a dryer. Their RH-dependent pH value was calculated by E-AIM (Clegg et al., 1998). All

experiments were done with initial hydrocarbons mixing ratio of 30 ppbv. OH-radical reactions were initialized by

hydrogen peroxide (H2O2) photolysis in the presence of NO (10 ppb). H2O2 was continuously injected into the

chamber with a peristaltic pump at 100 µL h−1 and was photolyzed with UV-A lamps (Osram Eversun Super).

Ozone was injected before the experiments with a concentration of 80ppb. 
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Preliminary results and conclusions

The main tasks of the project were: (a) Distillation of fresh pine oil using Soxhlet extractor: The samples of pine will

be collected in the scientific area of the Forest Service in Pniewy, Poland, where each tree is described by its age,

species, etc..(b) Quantitative analysis of distilled pine oil: Before the chamber experiments, the components of oil

will be quantified using gas chromatography with flame ionization detection. (c) Smog chamber experiments of

freshly distilled pine oil: A series of experiments with be performed in the ACD-C facility (19 m3 teflon reactor). For

the detailed description of the particle and gas phase, a set of instruments for the characterization of the particle

and gas phase will be used, such as Mobility Particle Size Spectrometer (MPSS), Proton-Transfer-Reaction Time of

Flight Mass Spectrometer, trace gas analyzers, an Aerosol Mass Spectrometer, a Chemical Ionization Time of Flight

Mass Spectrometer. (d) Offline analysis using LC-MS system of laboratory-generated aerosol: Quantitative and

qualitative analysis will be performed using Xevo-G2 Waters mass spectrometer.

During the project's first step, pine oil was distilled via Soxhlet extraction. The quantitative analysis of distilled pine

oil revealed that the main component of the oil is alfa-pinene (26%) and delta-3-carene (45%). The oil also

contains compounds from the group of sesquiterpenes (beta-caryophyllene (4.2%), humulene (1.3%) and delta-

cadinene(1.3%)). Overall 11 compounds where identify in the studied mixture, only less than 5% stayed

unidentified. A detailed description of pine oil composition allows us to calculate the concentration of a single

component in the smog chamber. 10, 4, or 2uL of distilled pine oil was injected into the chamber during the

experiments. The first set of experiments included a reaction with OH radicals. 

Conducted experiments showed that after UV lamps start there is no particle formation for 30 minutes, which shows

that gas-phase reactions are the most important in the first phase of the experiment. After 30 minutes of induction

time, the rapid formation of the particle phase is visible. For experiments where 10uL of pine oil is used around

85ug/m3 of the organic particle was formed. The reaction of pine oil with ozone particle formation occurred as soon

as the pine oil was added to the reactor. 

During each experiment 6 PTFE filters were taken – 2 at the beginning of the process, and 4 at the end of the

reaction. The off-line filter analysis showed that oxidation of the studied mixture leads to the formation of a number

of interesting products, which will be studied in detail. In the collected samples, interesting compounds were

identified, not only already known like pinonic acid, MBTCA acid or pinic acid, but also a number of new

compounds. These data are very important for the study of terpenes impact on atmospheric aerosol formation in

the forest. To this day there is a visible gap between the chamber studies and ambient measurements – chamber

studies mimic simple models which not fully cover the complexity of atmospheric aerosol. Therefore, we believe,

that obtained results will fill the gap and serve as a missing puzzle for a better description of secondary aerosol

formation and chemistry.
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Outcome and future studies

The presented proposal has provided new data about the formation and properties of secondary organic aerosol

in the rural area. The aerosol smog chamber experiments will lead to a better understanding of the impact of the

terpenes and their aged products on the ambient SOA formation. The future work includes conducting a few more

experiments to clarify obtained results and the publication of crucial observations in the open-access journal, for

better visibility not only to the scientific community but also to other interested people.
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