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This study was conducted to investigate changes in the physical environment in forest healing spaces
by examining each of two tree species in a space within the Kasuya Research Forest, Kyushu University. At
the study site, culmination and sunset showed high TNVOCs, low concentrations of particulate matter, and
low PPD. Of the NVOCs, camphor was detected with the highest concentrations, 0.359 ng/m’ and 0.142 ng/m’,
in C. camphora and M. thunbergii, respectively. Coniferous trees are generally used when creating an
environment for healing purposes, as they are known to emit a large amount of NVOCs. However, accord-
ing to our results, deciduous trees also emit NVOCs of sufficient concentrations. Therefore, if forest healing
spaces are created with the appropriate components, it can have effective results.
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INTRODUCTION

With the increasing number of senior citizens and
patients with chronic diseases and lifestyle diseases, there
is an increasing need for spaces in nature that accommo-
date physical and mental stability. While treatment helps
a patient recover from an illness using medical means,
healing is a way to approach a patient’s health using social,
cultural, and environmental supports. Therefore, heal-
ing not only encompasses treating illnesses but also
extends to preventing diseases and improving health.
Interest in health, well-being, and alternative medicine
is increasing, and these topics are receiving increasing
levels of attention (Smith et al., 2013; Wrench et al.,
2013). People pursue health through activities in nature
to destress from work and sensory overload within artifi-
cial, urban environments (Ulrich et al., 1991) and to
recover their own physical balance and harmony.
Additionally, activities based in natural environments
decrease death rates (Richardson et al., 2013) and allow
the pursuit of benefits related to health, such as mental
stability, comfort, and recovery of attention (Adams et
al., 1997; Korpela et al., 2014). Because of a change in
mindset that has shifted health interests from treating
diseases to improving health, preventing disease, and
improving of quality of life, a demand to use urban and
suburban forests as healing or curative spaces is increas-
ing (Park et al., 2014; Kim et al., 2015; Joung et al., 2015).
With the realization that healing environments such as
forests, which are a representative natural healing envi-
ronment, need to be improved, there is an increasing
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need to conduct the corresponding fundamental research.
Physiological and psychological studies on healing envi-
ronments have increased; however, research that is
directly related to the factors affecting in healing environ-
ments (e.g., NVOCs, temperature, humidity, wind veloc-
ity, dew point, globe temperature, air current, wet-bulb
globe temperature, and photosynthesis) is inadequate.
Therefore, to conduct a scientific analysis of such factors,
we first aim to evaluate healing environments by analyz-
ing the NVOCs in these environments. Second, by under-
standing the relationships between particulate matter,
which is an emerging global issue, and physical environ-
ments, we aim to discuss the uses of healing environ-
ments.

MATERIALS AND METHODS

Study site
Kasuya Research Forest, Kyushu University

The study site is an urban forest located in the
Kasuya Research Forest, Kyushu University (33°38'15.2"
N 130°30'51.1” E) in Japan. The site is easily accessible
to citizens, well preserved, and has an excellent land-
scape. The forest has an area of approximately 500 ha,
comprises tree species dominated by Japanese cedar and
cypress, and is a target area for active studies on forest
hydraulics and forest dynamics. This study focuses on
measurements of Cinnamomum camphora Sieb. and
Machilus thunbergii Sieb. et Zucc.; C. camphora and
M. thunbergii are known to have various therapeutic
effects.

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 for ana-
lyzing natural volatile organic compounds (NVOCs). A
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majority of NVOCs emitted in forests are generated by
trees. Medical studies researching the effects of NVOCs
and how to cope with the diseases they cause have been
published internationally (Yatagai et al., 1995; Trapp et
al., 2001; Tani et al., 2002; Wang et al., 2006; Tani and
Kawawata, 2008; Yang et al., 2011; Wang et al., 2012).
Terpene compounds, which are a type of NVOC emitted
by trees, are produced from multiple base units of iso-
prene, which contains five carbon and eight hydrogen
atoms. Terpenoids, a common and large NVOC group,
comprise hemiterpenes, monoterpenes, and sesquiterpe-
nes. Emission inventories show that isoprene and monot-
erpenes are the most prominent compounds. These com-
pounds are usually strong smelling, rarely water soluble,
and found in plants as well as in animals and microor-
ganisms (Kesselmeier and Staudt, 1999). In this study,
20 species of monoterpenes (99%, Sigma—Aldrich, USA),
including a-pinene, B-pinene, and camphene, were
selected for analysis.

Predicted mean vote and predicted percentage of
thermally dissatisfied people

Thermal balance is obtained when the internal heat
production of a body equals its loss of heat to the environ-
ment. In a moderate environment, the human thermoreg-
ulatory system will automatically attempt to modify skin
temperature and sweat secretion to maintain thermal
balance. 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 (Table
1). However, individual votes are scattered around this
mean value; therefore, it is useful to be able to predict
the number of people who may feel uncomfortably warm
or cool at the mean value. PPD is an index that estab-
lishes a quantitative prediction of the percentage of ther-
mally dissatisfied people who feel too cool or too warm.
In this study, thermally dissatisfied people are consid-
ered as those who vote hot, warm, cool, or cold on the
7-point thermal sensation scale (ISO 7730, 2005).

Table 1. Seven-—point thermal sensation scale

G. KIM et al.

Particulate matter

Particulate matter (PM) affects more people than any
other pollutant. The major components of PM are sulfate,
nitrates, ammonia, sodium chloride, black carbon, min-
eral dust, and water. PM consists of a complex mixture
of solid and liquid particles of organic and inorganic sub-
stances suspended in the air (Table 2). The most health—
damaging particles are those with a diameter of 10
microns or less (<PM10), which can penetrate and lodge
deep inside the lungs (WHO, 2005; WHO, 2014). Long-—
term exposure to particles contributes to risks of devel-
oping cardiovascular and respiratory diseases, as well as
lung cancer (Abbey et al., 1999; Pope I et al., 2002;
Katanoda et al., 2011; IARC, 2015). Fine particles, those
with a diameter equal to or less than 2.5 microns (PM2.5),
can be emitted directly into the atmosphere, such as
black carbon emissions from a diesel engine or smoke
from a fire, or they can form from chemical reactions of
precursor gases, including sulfur dioxide, nitrogen diox-
ide, certain VOCs, and ammonia. Sources of PM2.5 (or
the precursor gases that contribute to PM2.5 formation)
include power plants, gasoline and diesel engines, wood
combustion, high—-temperature industrial processes such
as smelters and steel mills, and forest fires (EPA, 2015).

Measurement methods
NVOCs

The adsorption tube method was used to collect
samples. Tubes (Makers, USA) filled with Tenax TA and
Carbotrap 2B were used for adsorption. The sample
capture device was a mini pump (MP-Y30KN, SIBATA,
Japan), and the calibration was proceeded by a calcula-
tion of the adsorption error prior to the use of the flow
meter. A total NVOC volume of 15 L was collected at a
flow rate of 150 mL/min. The sampling equipment was
installed on a tripod, 1.5 m from the ground, and the aver-
age value was calculated through duplicate sampling at
every location. Disposable polyethylene gloves and anti-
bacterial masks were used to prevent artificial errors
when in contact with the tube during installation. After
sampling, the sample tubes were maintained at tempera-

-3 -2 -1 0 +1 +2 +3
Cold Cool Slightly cool Neutral Slightly warm Warm Hot
Table 2. Guideline values of set limits for PM in the air
Guideline PM 10 (ug/m®*) PM 2.5 (ug/m”)
Yearly average 20 10
WHO
Daily average 50 25
Yearly average None 15
Japan )
Daily average 100 or 200 35
Yearly average 50 25
Korea
Daily average 100 50
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Table 3. GC/MS operating parameters for NVOCs

377

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
initial initial rate final final
Oven temp. program temp (°C) time (min) (°C/min) temp (°C) time (min)
40 3 8 220 3
Post run 220°C, 5min

tures below 4°C and analyzed within 48 h. The samples
were subjected to qualitative and quantitative analyses
using a gas chromatography (GC)/mass spectrometer
(7T890N-5975, Agilent, USA) with a thermal desorption
system (GC/MSD, Gerstel TDS, Gerstel, Germany). The
substances adsorbed by the adsorption tube were con-
centrated in a low—temperature cryofocusing device,
which intakes high—purity helium gas at a velocity of
1 mL/min from a thermal desorption device. The device
desorbed the gas for 3 min at 210°C and then maintained
its temperature at —30°C. The substances were then sub-
jected to thermal desorption for 3 min at 220°C, infused
into a GC spectrometer, and detected using an MSD
(Table 3).

Vegetation survey

A 20m X 20 m quadrant was established at the NVOC
measurement site, and plant species were divided into a
tree layer, a subtree layer, and a shrub layer to conduct a
plant sociological survey. Records of the average tree
height and crown projection charts of the tree layer were
prepared. A log—wood survey of the tree species measur-
ing >2 cm in diameter at breast height (DBH) in the study
site was performed. The direction and slope of the site
were measured in terms of the locational environment.
A setup was designed to ensure that a portable multi-
function meter (Poly MI 6401, METREL, Slovenia)
recorded the physical features of the site environment
(temperature, humidity, wind velocity, dew point, globe
temperature, air current, and wet—bulb globe tempera-
ture) at intervals of 1 min. The meter was installed at a
height of 1.5 m in equilibrium on a tripod approximately
1m from a mini pump, and digitalized measurement
results were saved and then converted for analysis. The
results were analyzed using the Sensor Link PRO pro-
gram (METREL, Slovenia). The data saved 5 min before
and after each measurement were excluded from the
analysis to minimize measurement errors.

Particulate matter

Methods used to measure particulate matter in the
air include the high and low volume air sampler method,
which measures the mass directly, and the S-ray, light
scattering, and light transmission methods, which are

indirect methods that utilize the particle’s physical char-
acteristics. In this study, measurements were conducted
using the light scattering method. This method measures
the concentration of particulate matter using the princi-
ple that the amount of light scattered when the light is
transmitted through the particulate matter is propor-
tional to its mass.

The most important advantages of the light scatter-
ing method are its mobility, low cost, ease of use, and its
ability to measure particle concentrations over short time
intervals (Tittarelli et al., 2008). The meter was installed
at a height of 1.5m in equilibrium on a tripod approxi-
mately 1 m from a mini pump, and digitalized measure-
ment results were saved and then converted for analysis.
A setup was designed to ensure that a portable real-time
monitoring meter (LD-5, SIBATA, Japan) recorded the
properties of the site’s particulate matter at intervals of
5 min.

RESULTS

Variation of NVOCs

A total of 18 substances were detected from the
analysis of 20 NVOCs, including a—pinene, and camphor
had the highest concentration among the detected. Most
substances had similar distributions of their concentra-
tion characteristics (Table 4). The order of concentration
was camphor > cedrol > a—pinene. C. camphora emit-
ted camphor (0.359ng/m”), cedrol (0.115ng/m?),
a-pinene (0.083 ng/m?), camphene (0.041 ng/m?), and
limonene (0.038 ng/m®). M. thunbergii emitted camphor
(0.142 ng/m*), cedrol (0.051 ng/m?), a—pinene (0.031 ng/
m?), limonene (0.031 ng/m*), and myrcene (0.029 ng/m?).
The TNVOCs revised by flow rates in C. camphora and
M. thunbergii were 0.789 ng/m’ and 0.386 ng/m’, respec-
tively. C. camphora emitted the highest concentration
of NVOCs. NVOCs detected from C. camphora increased
in concentration as time progressed from sunrise to sun-
set, and NVOCs detected from M. thunbergii had their
highest concentration during culmination (Figure 1).

Results of the vegetation survey
C. camphora community
The C. camphora community had a DBH >172.8 cm
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Table 4. Concentration (ng/m”) of NVOCs at the study site

Cinnamomum Machilus
camphora thunbergii
a—pinene 0.083 0.031
Camphene 0.041 0.014
/B —pinene 0.018 0.010
Sabinene 0.010 0.007
carene 0.007 0.001
a—phellaOrene 0.003 0.003
Myrcene 0.037 0.029
a —terpinene 0.013 0.006
Limonene 0.038 0.031
Eucalyptol(cineole) 0.016 0.018
7 —terpinene 0.005 0.004
Cymene 0.021 0.017
Camphor 0.359 0.142
Linalool 0.004 0.005
Bornyl acetate 0.011 0.010
a—humulene 0.002 0.001
Terpineol 0.006 0.006
Cedrol 0.115 0.051
40
~ 86 |
A
:':" 3.0
§ 26
g 2.0
l§ 16
38
g 1.0
& 05 I
0.0
sunrise culmination sunset

B Cinnamomum camphora SIEB, B Machilus thunbergii SIEB, et ZUCC,

The Adsorption time of TNVOCs hr)

Fig. 1. Variation of TNVOCs at the study site.

and a slope of 3°. The tree layer had an average tree
height of 20.1 m and contained two tree species (Figure
2). The average temperature, humidity, wind velocity,
and black globe temperature of the site were 22.35°C,
52.40%, 0.80m/s, and 23.20°C, respectively. The analy-
sis of the thermal comfort factor of C. camphora resulted
in a PMV and PPD of -0.61 and 24.86%, respectively.
The time period between 10 am and 12 pm was relatively
pleasant and therefore was considered to be a period of
low thermal discomfort (Figures 3 and 4).

M. thunbergii community

The M. thunbergii community had a DBH >171 cm
and a relatively steep slope of 20°. The tree layer had an
average tree height of 18.6m (Figure 5). The average
temperature, humidity, wind velocity, and black globe
temperature of the site were 21.53°C, 53.49%, 0.44 m/s,
and 22.25°C, respectively. When the thermal comfort fac-

NS

. camphoraSieb,

[ Rephiclepisindica v
umbellata (Thunb) Ohashi

. . e

0 20

Fig. 2. Crown projection in the Cinnamomum camphora com-
munity (20 m X 20 m).
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Predicted Mean Vote Index

Cool
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Time (r)

Fig. 3. PMV result for the Cinnamomum camphora site.

100
80
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Predicted Percentage Dissatisfied (%)
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Fig. 4. PPD result for the Cinnamomum camphora site.

S.

® Machilus thunbergii
Siebold & Zuce,

20

A Cinnamomum camphoraSieb,

W ielia azedarachl,

0 20

Fig. 5. Crown projection in the Machilus thunbergii community
(20m X 20m).
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Fig. 6. PMV result for the Machilus thunbergii site.
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Fig. 7. PPD result for the Machilus thunbergii site.
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Fig. 8. Relationship between TNVOCs and PM2.5 in the study site.
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Fig. 9. Relationship between humidity and PM2.5 in the study site.

tor of M. thunbergii was analyzed, PMV and PPD were
found to be -1.24 and 33.48%, respectively, and the
community was confirmed to be relatively fresh from 11
am to 4 pm (Figures 6 and 7).

Correlation between the particulate matter and the
physical environment

To understand the correlation between the particu-
late matter and the forest environments within the study
site, PM2.5 was measured every 5min, and its average
was calculated every hour. A correlation analysis was
conducted between PM2.5, the measured physical envi-
ronment, and TNVOCs for the same area and same time
period (sunrise, culmination, and sunset). To maintain
the accuracy of the measured values, data taken from
the first 5 min of each measurement were excluded. As
a result, a negative linear relationship was confirmed
between TNVOCs and PM2.5, where the weight of PM2.5
decreased with increasing concentration of TNVOCs
(Figure 8). A positive linear relationship was confirmed
with the humidity, showing that the weight of PM2.5
increased with increasing humidity (Figure 9).

DISCUSSION

This study was conducted to illustrate the changes in
and correlations between TNVOCs, the physical environ-
ment (temperature, humidity, wind velocity, dew point,
globe temperature, air current, and wet-bulb globe tem-
perature), the thermal environment (PMV and PPD), and
particulate matter (PM2.5) in forest healing spaces for
the trees at Kyushu University in Japan. Deciduous
trees, which have not previously been a subject of
research, were selected instead of coniferous trees. C.
camphora and M. thunbergit, which are well known for
their high contents of medicinal ingredients and their
high utility for folk remedies, were chosen.

Based on the NVOC concentrations, it was confirmed
that both tree species have similar component ratios.
Analysis of the NVOCs emitted at the study site showed
that 18 types of substances were detected. TNVOC con-
centrations emitted by C. camphora and M. thunbergit
were 0.789 ng/m’ and 0.386 ng/m’, respectively. According
to previous studies, NVOC emission in each season is
related to environmental effects, growth amount, and leaf
age. Therefore, although the observed concentrations
were relatively lower than those of Chamaecyparis
obtusa (1.310ng/m*) and Cryptomeria japonica
(1.591 ng/m?), which are known to have high emissions
of NVOCs, considering that it was the spring season, it is
believed that they are adequate for healing purposes.
Further, because their bark and leaves are used for
medicinal purposes and are known to be medically effec-
tive, it is necessary to analyze the ingredients produced
from the bark and leaves in dry conditions.

The analyses of PMV and PPD verified that PMVs
were close to neutrality (a relatively pleasant range) after
culmination in both study sites from 10 am until sunset.
The probability that a person would feel dissatisfied with
the thermal comfort (PPD) after culmination was 28.5
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(x21.7)%, which is relatively low. Therefore, forest heal-
ing spaces are in a pleasant range, indicating that ther-
mal comfort is an important factor in forest healing envi-
ronments.

The analysis of the correlation between the physical
environment (temperature, humidity, wind velocity, and
intensity of illumination) and particulate matter (PM2.5)
indicates that the particulate matter weight decreased
with increasing concentrations of TNVOCs. On the other
hand, particulate matter weight increased with increas-
ing humidity. There was a high correlation between
TNVOCs, humidity, and particulate matter. Nonetheless,
it is necessary to complement this study with a number
of experiments and to consider differences between tree
species and seasons.

For the sites used in this study, culmination and sun-
set showed high TNVOCs, low concentrations of particu-
late matter, and low PPD; therefore, we expect that per-
forming a regular activity such as participating in a pro-
gram, taking a walk, or meditating during culmination
would result in high mental and physical stability.
Camphor had the highest detection concentration of the
NVOCs emitted by both C. camphora and M. thunber-
gt and is known to be effective as an anti—carcinogenic
substance and for coughs (Sharma et al., 2011; Ho and
Su, 2012; Hamidpour et al., 2013). Cedrol, which is also
emitted with a relatively high concentration, is known to
be effective for decreasing blood pressure (Kawakami et
al., 2004). Cedrol does not volatilize from most conifer-
ous trees or is detected in very small concentrations.
When creating an environment for healing purposes,
coniferous trees are generally used, as they are known
to emit large amounts of NVOCs. However, this study
shows that deciduous trees also emit NVOCs of sufficient
concentrations; therefore, if a healing environment is
created with the proper components, it can have effec-
tive results. It is necessary to research the influences of
the healing environments presented in this study on a
human body. The results of this study could serve as a
novel aid with regards to healing perspectives when plan-
ning spaces within forests.
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