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Comparison of Phytoncide (monoterpene) Concentration
by Type of Recreational Forest

Yong-Ki Lee*, Jung-Sik Woo*, Si-Rim Choi*, and Eun-Sang Shin**'
*Gyeonggi-do Institute of Health and Environment
**Department of Environmental Health, DongNam Health University

ABSTRACTS

Objectives: This study was conducted to provide scientific and effective information on phytoncides, which are
associated with forest healing, and to activate recreational forests.

Methods: The target sites were natural recreation forests, a forest park and an arboretum, and the control sites
were three urban parks. The samples were collected at a volume of 6.0 L and a flow rate of 0.1 L/min for one
hour using a low volume pump and the solid adsorbent sampling method. The phytoncide compounds adsorbed
in the Tenax TA tube were analyzed by a automatic heat desorption unit and GC-MS.

Results: By type of recreational forest, the annual concentrations of phytoncide (monoterpene) for the forest park
showed the highest concentration with 1.450 ug/m’, while those for the arboretum showed the lowest
concentration at 0.892 ug/m’, and thus the concentration of the forest park was approximately 1.6 times higher
than the arboretum. The season showing the highest concentration of phytoncides was summer (June) and the
forest park was the highest among the recreational forests. The concentrations of major components for
phytoncide showed in descending order: a-pinene, 3-pinene, camphene, 3-carene and limonene. The seasonal
concentration of o-pinene, camphene and B-pinene by type of recreational forest increased in April, which is
characterized by low temperature and humidity, and the seasonal concentration of camphene decreased with
higher humidity. The meteorological factors which had the high correlation with the concentration of total
terpene were temperature and humidity. CO, and O, showed an inverse correlation.

Conclusion: The major components of phytoncide were o-pinene, [3-pinene, camphene, 3-carene and limonene
in descending order of concentration. Further and systematic study on the chemical nature of individual
phytoncides, and on the effect of phytoncides on humans needs to be performed.

Key words: Forest healing, monoterpene, phytoncide, recreational forest
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Table 1. Recreational forests selected for this study

Type Study Year Name Location Area (ha)’ Composition (y)’
Chukryong-san Namyeongju 779 1995
2014 kangssibong Gapyeong 980 2011
Natural Recreation Yongin Yongin 155 2009
Forests Yoomyung-san Gapyeong 869 1989
2013 Chukryong-san Namyeongju 779 1995
Yongmoon-san Yangpyeong 120 2005
Mulhyanggi Osan 34 2006
2014 Hwanghaksan Yeoju 27 2011
Arboretum Mureungdowon Bucheon 21 2013
Kwangreung Pocheon 1,118 1999
2013 Mulhyanggi Osan 34 2006
Woori-flower hwaseong 11 2010
Gwanggyosan Suwon 450 1991
2014 Gwanaksan Anyang 136 1993
Forest Park Cheonggyesan Uiwang 51 2001
Gureum-san Kwangmyong 300 1996
2013 Sorae-san Siheung 57 1992
Morak-san Uiwang 125 1991
Hyowon park Suwon 22 1967
City Park 2014 Bundangjungang Seongnam 42 1990
Bucheonjungang Bucheon 12 1993

*http://www.gg.go.kr/publicinformation

Table 2. Chemical characteristic of monoterpenes

Component  CAS No. Chemical ~ Chemical = Molecular Melting pointBoiling point Flash point  Density

formular structure weight (°C) °C) (°C) (g/em®)
CH3
i 7785-26-4  CyH > 136.23 64 156~158 33 0.858
(-)-0-pinene -26- wobis 6 - - ~ (at 20°C)
HsC
CHy 0.850
camphene  79-92-5  C,Hi 136.23 48~52 159~160 40 N
CHg (at 20°C)
HsC
HaC CEBCH 0.872
(+)-B-pinene 19902-08-0  C,oH,s 136.23 61 164~165 36 (at 25°C)
H
N 0.864
HsC % .
(+)-3-carene  498-15-7  CioHis ch@ 136.23 No data  170~172 55 (at 20°C)
R)-(+) (7 o 0.842
limonene | 398927-5 CuHig  Hog 136.23 952 176~177 48 (at 20C)

http://www.kseh.org/ J Environ Health Sci 2015; 41(4): 241-248
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Table 3. Operation conditions of the TD and GC/MSD for phytoncide analysis

Tube desorb temp(°C) 250
Tube desorb time(min) 10
D Split ratio 1:10
condition Trap concentration temp(°C) -10
Trap Desorb temp(°C) 300
Trap Desorb time(min) 5
Column VF-Ims (60 m x 0.250 mm X 1 um)
Column flow(mL/min) 1.0 (for He)
GC Temp(°C) rate(°C/min) Hold(min)
condition initial 40 - 5
Oven
rampl 220 6 -
ramp2 290 20 10
EI Auto(eV) 70
MSD Trap Manifold Xferlines
condition Source(°C)
180 30 220
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Table 4. Annual average concentration of phytoncide in
the recreational forests(g/m’)

Reljrfz;??)lnal Arboretum Forest — City

forest park park

a-pinene 0.444 0.443 0.702  0.377
Camphene 0.203 0.150 0236  0.109
[-pinene 0.180 0.244 0.403  0.239
Limonene 0.024 0.018 0.081 0.000
3-Carene 0.049 0.037 0.028  0.031
Total terpene  0.900 0.892 1.450  0.756

http://www.kseh.org/
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Fig. 6. Seasonal component ratio of phytoncide in the
recreational forests.
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Table 5. Correlation of the environmental conditions and
the monoterpene.

CO, 0, TEMP. R.H.
Total Terpene -0.10  -0.67"  0.68" 0.56"
O-pinene -0.09 -0.68"  0.70" 0.60"
Camphene -0.17  -0.34 0.31 0.18
[-pinene -0.04 -0.65"  0.66" 0.47"
Limonene -0.17  -043" 0.41" 0.46"
3-Carnene 0.23 -0.28 0.30 0.41"

* ¢ Correlation is significant at the 0.05 level(2-tailed)
** . Correlation is significant at the 0.01 level(2-tailed)
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