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The present study was performed to compare healing environments among five tree species in the
Kasuya Research Forest of Kyushu University. Measurements of forest stand—specific natural volatile organic
compound (NVOC) concentrations and predicted mean vote (PMV) and predicted percentage of dissatis-
fied (PPD) indexes were performed simultaneously in the same region. Samplings were performed using
Tenax TA-filled tubes and mini pumps to collect NVOCs in the forest air. The collected NVOCs were ana-
lyzed using gas chromatography—mass spectrometry. In addition, measurements of physical features of the
forest environment (including temperature, humidity, wind velocity, and illumination intensity) were per-
formed at a time interval of 1 min. Eucalyptus gomphocephala emitted the highest concentration of NVOCs
(3.13ng/m”). Thermal comfort was the highest in E. saligna community (PMV: -0.1; PPD: 6.9%), which
revealed that Eucalyptus species has an excellent healing environment. The data obtained from this study
may be used as beneficial information for citizens, who in turn will view the value of forest in a new per-

spective.
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INTRODUCTION

Forests have closely been related to human life even
till today. They serve multipurpose functions for the
people, such as production of forest products, including
wood, national land preservation through air purification
and water source protection, and providing habitats for
wild animals. In recent years, there has been a great
emphasis on the simultaneous pursuit of health and hap-
piness, which is making forest protection and non-wood
production to be replaced with forest recreation and heal-
ing as a priority of forest use. This requires modifying the
existing forests to be more sustainable through effective
management.

University forests play an important role in the exper-
imental and research studies related to the use of forest
resources. When forest protection and wood production
were active in the past, the revitalization of regional econ-
omy was accomplished through the forests (Kim et al.,
2003), but recent changes in forest functions have neces-
sitated research and education as well as recreational
role of forests for local residents.

The Kasuya Research Forest of Kyushu University in
Japan has been subjected to sufficient and concrete sur-
veys, but its vegetation features have not sufficiently been
studied with the object of healing environments, although
there are various healing environment elements in for-
ests. This study evaluated the concentrations of natural
volatile organic compounds (NVOCs) and the predicted
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mean vote (PMV) and predicted percentage of dissatis-
fied (PPD) indexes, which can be calculated in detail.
The NVOCs released from the forests are widely known
by the name phytoncide. The thus far discovered phyton-
cides include volatile or liquid substances and also solids;
those that directly come in contact with the body while
walking in a forest are volatile phytoncides released into
the air by plants (Ohira and Matsui, 2012). Phytoncides
are known to have different characteristics depending on
their constituent elements, which include insect—proof,
antibacterial, anticancer, antioxidant, antistress, and
immunity-boosting properties (Dayawansa et al., 2003;
Akutsu et al., 2006; Li et al., 2006). Other healing envi-
ronment elements such as PMV and PPD were reported
to make persons feel cooler and more comfortable in wak-
ing activities in forest than in cities (Takayama et al.,
2005; Honjo, 2009). When enjoying a forest landscape,
subjects showed significantly low values of LF/LF + HF
of systolic blood pressure and chronotropy, as compared
to when enjoying a city scenery (Park et al., 2010).
Similarly, an increase in physiological parameters was
observed in a study on healing with forest resources. The
interest in forests is also on the increase, as shown by
the increasing number of people visiting the forests with
the purpose of improving their health.

Therefore, this study aimed to offer scientific data
from the viewpoint of health by conducting on-site anal-
yses of NVOC components and evaluating thermal com-
fort indexes of PMV and PPD of major tree species in the
Kasuya Research Forest of Kyushu University, which
plays important roles in citizens’ recreation and students'
learning, in the same region and time zone.
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MATERIALS AND METHODS

Study site

The study site is the Kasuya Research Forest of
Kyushu University, an urban forest that is located in 33°
38" 15.2” N 130° 30" 51.1” E, easy for citizens to visit, well
preserved, and excellent in landscape. The forest with
an area of about 500 ha consists of tree species domi-
nated by Japanese cedar and cypress and is a target area
for active studies on forest hydraulics and medicinal
plants. This study focused on the measurements of
Chamaecyparis obtusa, Cryplomeria  japonica,
Lithocarpus edulis, Eucalyptus saligna, and E. gom-
phocephala.

Measurement factors
NVOCs

Volatile organic compounds (VOCs) are either liquid
or gaseous organic compounds that have boiling points
below 100°C and are easily evaporated into the atmos-
phere. This study concentrated on the methods of ana-
lyzing NVOCs. The majority of NVOCs emitted in the for-
ests are generated by trees. Terpene compounds, which
are a kind of NVOCs emitted by trees, are produced from
multiple base units of isoprene, which contains five car-
bon and eight hydrogen atoms. Terpenoids, a common
and large NVOC group, consist of hemiterpenes, monot-
erpenes, and sesquiterpenes. Emission inventories show
isoprene and monoterpenes as the most prominent com-
pounds. Usually, these compounds are strong smelling,
hardly water soluble, and found in plants as well as in
animals and microorganisms (Kesselmeier and Staudt,
1999). In the present study, 20 species of isoprenes and
monoterpenes (99%, Sigma-Aldrich, USA), including
isoprene, a-pinene, [S-pinene, and camphene, were
selected for analysis (Table 1).

Selection of measurement materials

As part of an effort of the Forest Science &
Technology projects, the Korea Forest Service recently
performed a material contents survey pertaining to the
health effects of NVOCs, by selecting 20 species elements
emitted from various coniferous species. According to
the Model of Emissions of Gases and Aerosols from
Nature 2.1 released by the National Center for
Atmospheric Research in 2012, more than 25,000 types
of VOCs and 147 chemical species of NVOCs are esti-
mated to be emitted into the atmosphere by plants, more
than half of which are terpenes that comprise 53 species
of materials out of the total 147. There are several

Table 1. List of measurement materials

research studies that have analyzed the effects of NVOCs
and how to cope up with the diseases they cause (Kim et
al., 2008; Kordali et al., 2008; Brared—Christensson et al.,
2012; Wang et al., 2012, Osman et al., 2011). Therefore,
unlike previous efforts to analyze NVOCs, we surveyed
the existing literature to determine how materials have
been observed to affect the body thus far. The primary
keywords for the literature search were BRM (biological
response modifier), phytochemicals, nutraceuticals
(nutrition and pharmaceuticals), aromas, and essential
oils. Accordingly, keywords resulting in high frequency
outputs from previous studies were used in this study to
guide the selection of materials to represent VOC types
present in the atmosphere.

Predicted mean vote and predicted percentage of dis-
satisfied,

Thermal balance is obtained when the internal heat
production in the body equals the loss of heat to the envi-
ronment. In a moderate environment, the human ther-
moregulatory system will automatically attempt to mod-
ify the skin temperature and sweat secretion to maintain
heat balance. The PMV is an index that predicts the mean
value of the thermal votes of a large group of people
exposed to the same environment on a 7-point thermal
sensation scale, based on the heat balance of the human
body. But individual votes are scattered around this mean
value and it is useful to be able to predict the number of
people likely to feel uncomfortably warm or cool. The
PPD is an index that establishes a quantitative predic-
tion of the percentage of thermally dissatisfied people
who feel too cool or too warm. For the purpose of this
international standard, thermally dissatisfied people are
considered as those who will vote hot, warm, cool or cold
on the 7-point thermal sensation scale (ISO 7730, 2005).

Measurement methods
NVOCs

The adsorption tube method was used in this study
to collect samples. The tube (Makers, USA) filled with
Tenax TA and Carbotrap 2B was used for adsorption.
The sample capture device was a mini pump (MP-330KN,
SIBATA, Japan), and the calibration was proceeded by
calculation of adsorption error prior to the use of a flow
meter. A total volume of 9 L. of NVOCs was collected at
a flow rate of 100 mL/min. The sampling equipment was
installed in accordance with the horizontal height of the
tripod, 1.5 m from the ground, and the average value was
calculated through duplicate sampling at every location.
Disposable polyethylene gloves and antibacterial masks

isoprene (+)-a —pinene
myrcene @ —phellandrene
p-cymene (r)—(+)-limonene
linalool terpinolene

bornyl acetate (—)-trans—caryophyllene

camphene (—)-B-pinene

(18)—(+)—-3—carene a —terpinene
eucalyptol (cineole) 7 —terpinene
(x)-camphor terpineol

a —humulene (+)—cedrol
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were used to prevent artificial error when in contact with
the tube during installation. After sampling, the sample
tubes were maintained at temperatures below 4°C and
analyzed within 48h. The samples were subjected to
qualitative and quantitative analyses using a gas chroma-
tography (GC)/mass spectrometer (7890N-5975, Agilent,
USA) with thermal desorption system (GC/MSD, Gerstel
TDS, Gerstel, Germany). The substances adsorbed by the
adsorption tube were concentrated in a low—temperature
cryofocusing device, which inhales high—purity helium
gas at a velocity of 1 mL/min from a thermal desorption
device, thermodesorbes the gas for 3min at 210°C, and
keeps its temperature at —30°C. The substances were
then subjected to thermal desorption for 3 min at 220°C,
infused into a GC spectrometer, and detected with an
MSD.

Calibration curve

There are few tests to confirm the results of both the
analysis device and the procedures. First, this study used
20 species of standard materials, such as «—pinene and
B —pinene, to obtain the calibration curve. Using the cali-
bration curve to calculate each element’s mass number
and the square of its rate of diluting standard materials,
it was deduced that a majority of the materials has a lin-
earity greater than 0.997, e.g., a—-pinene (R*> = 0.997),
B-pinene (B* = 0.998), and D-limonene (R* = 0.999)
(Fig. 1). The experiments using these materials also have
a high reproducibility with respect to the coefficient of
determination, which is suitable for analysis.

Vegetation survey

A quadrant of 20 m X 20 m was established in a NVOC
measurement site, and plant species were divided into
tree layer, subtree layer, shrub layer, and herb layer for
conducting a plant sociological survey. A record of the
average tree height and crown projection chart of the tree
layer was prepared. A log—wood survey of tree species
measuring > 2 cm in diameter at breast height (DBH) in
the study site was performed. The direction and the
slope of the site were measured in terms of the loca-
tional environment. A setup was made to ensure that a
portable multifunction meter (Poly MI 6401, METREL,
Slovenia) maintains the physical features of the site envi-
ronment (temperature, humidity, wind velocity, dew

Table 2. GC/MS operating parameters for NVOCs

point, globe temperature, air current, and wet-bulb
globe temperature) at intervals of 1 min. The meter was
installed at a height of 1.5 m in equilibrium using a tripod
around 1 m from a mini pump, and digitalized measure-
ment results were saved and then converted for analysis.
The results were analyzed using the Sensor Link PRO
program (METREL, Slovenia). The data saved 5min
before and after measurement were excluded from the
analysis to minimize measurement error.

RESULTS

Variation of NVOCs

A total of 17 materials were detected from the analy-
sis of 20 NVOCs, including a —pinene (Fig. 2). Isoprene
turned out to be of the highest concentration among the
materials. Most of them were similar in the distribution
of concentration characteristics. They were high in con-
centration in the order of @ —pinene > camphor > cam-
phene. C. japonica, E. saligna, and E. gomphocephala,
emitted higher concentrations of @ -pinene (0.578 ng/
m?) and camphene (0.179 ng/m?), cineole (0.222 ng/m?),
and S-pinene (0.120 ng/m”) and cymene (0.279 ng/m?),
respectively, than other tree species (Fig. 2).

The TNVOCs revised by flow rates in C. obtusa, C.
Japonica, L. edulis, E. saligna, and E. gomphocephala
were 1.31ng/m* 1.59ng/m’, 1.15ng/m’, 1.35ng/m* and
1.63 ng/m’ respectively (Fig. 3). E. gomphocephala
emitted the highest concentration of NVOCs.

Results of Vegetation survey
C. obtusa community

The C. obtusa community had a DBH of > 30 cm
and a relatively steep slope of 32°. The tree layer had an
average tree height of 18 m and two tree species (Fig. 4).
The average temperature, humidity, wind velocity, and
black globe temperature of the site were 17.7°C, 94.8%,
0.5m/s, and 18.4°C, respectively, and the PMV and PPD
were —1.2 and 39.6%, respectively.

C. japonwica community

The C. japonica community had a DBH of = 38 cm
and a relatively steep slope of 21° (Fig. 5). The tree layer
had an average tree height of 15m. The average tempera-
ture, humidity, wind velocity, and black globe tempera-

Parameter

Condition

Column

Carrier Gas flow

HP-INNOWAX (60 m X 0.25 mml. Dx 0.25 zm, film thickness)

He at 1 mL/min.

Injection mode Pulsed Splitless
Injection port temp. 210°C
Transferline temp. 210°C
Oven temp. program initial initial rate final final
temp.(°C) time (min) (°C/min.) temp.(°C) time(min.)
40 8 220 3
Post run 220°C, 5 min
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Fig. 1. Calibration curve of measurement materials.
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Fig. 2. Variation of NVOCs in the study site.
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ture of the site were 17.8°C, 97.2%, 0.2m/s, and 18.1°C,
respectively, and the PMV and PPD were —0.9 and 24.8%,
respectively.

L. edulis community

The L. edulis community had a DBH of > 15 ¢m and
a gentle slope of 2° (Fig. 6). The tree layer had an aver-
age tree height of 2 m. The average temperature, humid-

(ng/m’)
18 14

16 4
14 A
1.2 A
10 A
08 A
06 A
04 A
02 A
00 T T T T

Chamaecyparis

Cryptomeria Lithocarpus edulisfucalyptus Saligna  Eucalyptus

obtusa Jjaponica gomphocephala

Fig. 3. Variation of TNVOCs in the study site.
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Fig. 5. Crown projection in Cryptomeria japonica community.

ity, wind velocity, and black globe temperature of the site
were 20.0°C, 83.7%, 1.0m/s, and 21.9°C, respectively,
and the PMV and PPD were —0.3 and 9.1%, respectively.

E. saligna community

The E. saligna community had a DBH of > 50 cm
and a gentle slope below 2° (Fig. 7). The tree layer had
an average tree height of 19 m. The average temperature,
humidity, wind velocity, and black globe temperature of
the site were 20.1°C, 79.8%, 0.7 m/s, and 23.6°C, respec-
tively, and the PMV and PPD were —0.1 and 6.9%, respec-
tively.

E. gomphocephala community

The E. gomphocephala community had a DBH of >
50 cm and a relatively gentle slope below 2° (Fig. 8).
The tree layer had an average tree height of 18 m. The
average temperature, humidity, wind velocity, and black
globe temperature of the site were 22.5°C, 74.4%, 0.4 m/s,
and 26.2°C, respectively, and the PMV and PPD were 0.7
and 17.2%, respectively (Figs. 9 and 10).

20

0

Fig. 6. Crown projection in Lithocarpus edulis community.

) “®

@ :uceivvtussalignasm.

0

20
Fig. 7. Crown projection in Eucalyptus saligna community.
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Fig. 8. Crown projection in Fucalyptus gomphocephala commu-
nity.
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Fig. 9. PMV results in the study site.
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Fig. 10. PPD results in the study site.

DISCUSSION

This study was performed to present forest healing
factors scientifically. An analysis of major forest tree spe-
cies in the Kasuya Research Forest of Kyushu University
was performed to measure the NVOCs concentrations
and thermal comfort indexes of PMV and PPD, which are
widely known to the general public among the healing
factors. A total of 17 substances, including a-pinene,
were detected as NVOCs emitted from 20 tree species in
the study site. They were high in concentration in the
order of @ -—pinene > camphor > camphene. According

to previous studies, the season—specific emission of
NVOCs is related to environmental action, growth amount,
and age and oil components of leaves (Janson, 1993,
Yatagai et al., 1995; Bertin et al., 1997; He et al., 2000).
The monoterpene group of NVOCs is known to have
great seasonal differences in composition rates (Staudt
et al., 1997; Tani et al., 2002). The present study showed
that most NVOCs are similar in composition rate, which
is believed to be influenced by temperature, considering
that the trees of the site are a thrifty forest low in growth
amount. Of the components, & —pinene with a high con-
centration is known to be effective for stress, insect con-
trol, depression, oxidation, and sleeplessness (Mckay et
al., 2003; Kawakami et al., 2004; Mishra et al., 2012).
Analysis of differences in the concentration of the emit-
ted materials among the tree species in the study site
showed that a specific tree species shows higher concen-
tration of an emitted material (C. japonica: a-pinene
0.578 ng/m’, camphene 0.179ng/m’ E. saligna: cineole
0.222 ng/m?* E. gomphocephala: [S-pinene 0.120 ng/m’,
cymene 0.279 ng/m*). These results are consistent with
earlier studies, which reported that the concentration
varied according to the oil contained in leaf components.
Eucalyptus species produced cineole (eucalyptol) at
higher concentration than other species. A previous
study (Park et al., 2009) showed that Eucalyptus oil has
a psychologically stabilizing effect. Among the tree spe-
cies, K. gomphocephala emitted the highest concentra-
tion of NVOCs (3.13ng/m”). However, as no significant
difference was observed in the concentrations among
the tree species, it is necessary to conduct a study that
takes the same region and time into consideration to make
a clear comparison. In addition, it is important to con-
duct psychological and physiological studies of the pro-
grams and activities in the forest using the NVOCs of high
concentration and the materials from specific species.
According to the analysis of PMV and PPD, human activ-
ities were most comfortable in E. saligna and E. gom-
phocephala communities. This result is considered to be
derived from forest tree density and physico—environ-
mental factors, and activities in Eucalyptus species are
expected to be beneficial for human beings both psycho-
logically and physiologically. Hence, citizens are expected
to benefit from the programs coupled with exercise ther-
apies and the spatial designs, including recreational
space. However, it is deemed necessary to increase the
number of tests and elaborate on the differences by
topography and tree species. A clearer conclusion can be
obtained when a comparative study is conducted in more
detail. The data from the present study will be used as
beneficial information for citizens and will help under-
stand forests in a novel viewpoint in terms of healing.
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