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Abstract We analyzed the observed characteristics of monoterpene and developed an empiri-
cal formula for monoterpene concentration in the pine-dominated mixed forest of the National
Center for Forest Therapy. Monoterpene was measured at 0800, 1200 and 1700 LST once a
month using sorbent tube sampling coupled with thermal desorption gas chromatography and
mass spectrometry. Monoterpene concentration is low in winter and shows a maximum in June
and July. The major components of monoterpene are alpha-pinene, camphene and beta-pinene.
During the warm period from May to November, monoterpene concentration is higher at 0800
and 1700 LST than at 1200 LST. The empirical formula takes into account the vegetation vari-
ables, temperature-controlled emission, oxidation processes and dilution by wind. The vegeta-
tion variable accounts for the difference in observed monoterpene concentration between two
sites. The observed monoterpene concentration normalized by the vegetation variable increases
exponentially with air temperature. The oxidation process explains the lower monoterpene con-
centration at 1200 LST than at 0800 and 1700 LST during the warm period. The monoterpene
estimates using the empirical formula shows a correlation of 0.52 with the observation for the
development period (2018~2020), while it shows a correlation of 0.72 for the validation year
(2021). Such higher correlation for the validation year than for the development period is due to
the fact that variability of monoterpene concentration is better explained by air temperature in
2021 than in the development period. However, the developed formula underestimates the
monoterpene concentration in May and June, showing the limitation in accurately capturing the
monthly variation of monoterpene.
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Fig. 1. (a) Location of observation sites, (b) topographic map of the study sites.

Table 1. Summary of site information.

. Altitude . Forest Dominant Dlamete.r a Height of Growing Tree
Site (m) Location . species breast height Tree (m) stock occupancy
P P (cm) (m*ha)  rate (%)

Pinus Densiflora 46.7 11.9 180.0 93.0

Sitel 555 36.85°N  Mixed stand
12847°E forest Other broad- 203 95 13.6 7.0

leaved trees

Pinus Densiflora 19.8 13.5 150.9 68.7

Site2 613 36.83°N  Mixed stand
128.47°E forest Quercus 313 17.0 68.8 313
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Table 2. Chemical characteristic of monoterpene.
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Chemical Molecular weight Boiling point
Number Component CAS No. formular (g mol™) (°C, at 760 mmHg)

1 Alpha-Pinene 7785-70-8 CioHs 136.23 155~156

2 Camphene 79-92-5 CoHy 136.23 159~160

3 Sabinene 3387-41-5 CoHy 136.23 163~164

4 Beta-Myrcene 123-35-3 CioHe 136.23 167

5 Beta-Pinene 18172-67-3 CioHe 136.23 164~165

6 Phellandrene 99-83-2 CioH 136.23 175~176

7 3-Crene 498-15-7 CioHe 136.23 170~172

8 Alpha-Terpinene 99-86-5 CoHys 136.23 173~175

9 Limonene 5989-54-8 CioHis 136.23 175~177
10 Gamma-Terpinene 99-85-4 CioHe 136.23 182
11 Alpha-Terpinolene 586-62-9 CioHis 136.23 184~185

Table 3. Chemical characteristic of monoterpene.

Thermal desorption Apparatus

Gas Chromatographic system

Desorb Temp 280°C Rxi-1ms
Column
Desorb Time 15 min (60 m, 0.25 mm, ID 1.0 pum)
Valve Temp 280°C
- Split Ratio 10
Cold Trap Hold 10 min
. o 60°C — 10°C min™' — 120°C — 3°C min™' — 210°C —
Cold Trap High 300°C Oven temperature 5°C min~! — 235°C — 20°C min~' —> 300°C (2 min)
Cold Trap Low -10°C Column Flow 1 mL min™'
Transfer Line Temp 280°C MSD
Desorb Flow 30 mL min™ Detector Interface Temp. 250°C
Cold Trap Tenax TA Ton Source Temp. 200°C
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Table 4. The temperature dependent relations of different reaction rate coefficients.

Rate coeftficient

Temperature dependence

Reference

Ko 1.2 x 107" x exp (440/T) Atkinson et al. (2006)
kowar 6.3 x 107'® x exp (=580/T) Atkinson et al. (2006)
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Fig. 2. Monthly variation of precipitation and temperature at Yeongju between 2018 and 2021.
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Fig. 3. Wind rose at Yeongju in (a) May~October, (b) November~April for the period of 2018~2021.
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Fig. 4. Scatterplot of (a) air temperatures and (b) wind speed between study site and Yeongju. The blue solid line represents
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