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Abstract

Forests are valuable natural resources for people living around the mountains. In particular, the comfortable feeling or
healing is one of the most important benefits obtained from forests. This healing can be possible by many aspects of
forests, including the landscape, natural sounds, anions, and pleasant aromas. We focused on the volatile organics from
forest causing pleasant aromas, phytoncides. Twenty phytoncides were monitored from February to September in a
national tree garden (BaekDoDaeGan SooMokWon). Five sites were monitored two times per month and 20 phytoncides
were detected. Borneol showed the highest annual average concentration and the order of concentration was borneol »
mycene ) sabinene ) limonene ) a-pinene. The average phytoncide concentration was relatively high in spring and
summer season when the trees were physiologically active. Daily monitoring showed that the afternoon hours had higher
concentrations of phytoncides than the morning hours, which may be due to the stabilized atmospheric conditions at the
sites. Among the five sites, coniferous forests gave higher phytoncide emissions than broadleaf tree forests. The current
study showed that forests produce several phytoncides that cause a healing effect and a forest bath may be beneficial to
the health of visitors to forests.
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Fig. 1. Sampling equipments.
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Fig. 2. Sampled site (map from homepage of Baekdoodaegan).
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Table 1. Sampling sites and characteristics of the sites

Location Trees Longitude and Latitude Altitude(m)
Manbyungcho Japanse Larch(Larix leptolepis Gorden) e?ggzg;igg 561
Amseokwon White virch, Mongolian oak, Oriental oak, Pine tree e?g;ggigg; 548
Gosansoepwon Alnus hirsuta, Alnus hirsuta erll%gggi?}g 604
Pojawon Korean White pine, Japanse Larch(Larix leptolepis Gorden) e?%ggé?gg 521
Horangisoop Aralia, Pine tree n37°00°18.24". 484

€128°49'25.54".

Table 2. Weather information at the sampling date in Baekdoodaegan forest

DATE T_AIR (C) HUM (%) WDIR ()  WSPD (m/s) WS_MAX (m/s) SRAD (W/m’) RAINF (mm)
2017-02-16 6.4 83.0 272.9 3.2 4.6 554.8 1.5
2017-02-27 1.3 78.8 217.1 1.7 2.2 728.9 0.0
2017-03-16 5.1 48.5 203.0 1.7 24 818.3 0.0
2017-03-30 6.6 84.0 120.0 1.3 1.8 378.7 0.6
2017-04-11 8.0 62.9 179.9 1.8 2.6 699.8 1.4
2017-04-17 9.6 71.9 228.1 1.9 2.6 754.0 0.3
2017-05-16 11.4 72.1 197.2 1.9 2.7 715.3 1.1
2017-05-31 14.4 75.1 201.1 1.5 2.1 739.3 6.9
2017-06-19 23.2 66.6 206.2 1.5 2.0 638.1 0.6
2017-06-26 21.6 78.4 192.4 1.3 1.7 727.9 8.5
2017-07-13 23.2 80.3 205.5 1.6 2.2 740.5 6.7
2017-07-27 25.2 81.7 1713 1.2 1.7 784.6 6.0
2017-08-10 24.9 83.1 120.9 0.7 0.9 773.6 29.3
2017-08-23 24.4 90.4 155.3 1.1 1.6 467.0 38.3
2017-09-20 22.9 71.7 85.9 0.5 0.7 386.1 0.0
2017-11-09 17.4 74.8 145.4 1.1 1.4 448.9 0.3

S 3AE] BT 2H, Song et al.,(2013)-2 FwAt
oAl L 9 A2 Tl EXE S5 SA5tE.om M4
o= 2|o] A Hof| vlef| 5ot = UERdT L B
2181} Kim et al.,(2013)2 A ApigoFd 2|9
o] M EXE B EAS AFotgor HEaSl wHalls
FAoA ATH T EXE Fkot 2] 1,441 pptv 2
A HEEN oA ARER = AR TR B A
£9] £o=2 Hisiyrh AEEEE HIMUR &olA
sabinene(25%), d-limonene(20%), a-pinene(15%)<]
YA eI 2ol M= @-pinene®] 27%=2 F8 FE<1

Zo =2 BHusiyet sfe]dTAEr B 9 A8 A
=29 A} A BlRE S, B, 2k 59 1A}
of oo} A+AIE LHSITHYatagai et al., 1995;
Vallat et al., 2005; prendez et al., 2013; Llusia et
al., 2013; Khedive et al., 2017). Vallat et al.,(2005)
of] oJgt Atof|A] AFRFR ZER] oA AP Sh= Bl EFe}
2 EZ<Q a-pinene, camphene, b-pinene,
limonene, b-caryophyllene, (E,E)-a-farnesene, &
of] thgt AL 23} FE o} 9] FFIAIE Holar 2%
T e A= Ae=R BUSth Helmig et
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Table 3. Analytical Condition of Thermal Desorber and GC/MS

Column Flow ©1.5mL
Desorb Flow 150 mL/min
Time © 10 min
Tube Temp. 1300 T
Valve Temp. 1250
Thermal Desorber ?‘EZ;Ss.ferline Temp 2460251
(Perkin Elmer, ATD TurboMatrix 650) Cold trap Low Temp. : -30 ©
High Temp. 1300
Purge time : 10 min
Holding time *5 min
Heating rate 140 T/sec
Outlet Flow 15 mL/min
Column . Elite-5MS, 60 m, 0.32 mm, DF 1 m

GC/MS
(Perkin Elmer Clarus-680, Clarus SQ8T)

Oven Temp. ramp
Interface Temp.
Mass Source Temp.
Mass Range
lonization mode
Detector type
Electron energy

140 €(5 min) = 8 €/min — 250 T(4 min)
1250TC

1280

150 ~ 350 amu

T EI

: EM (Quadrupole)

1=70 eV

odk
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ABAHE FANFHISR AN @EEY,
QPHY, Tol%, IAHEY, EADE Agste] 2017

| 295 E 997k mjd 370 A -2 A5 o2 24A3F
FOF 2AZF ZHAC R 100 ml/min®] FFo =2, 271 #]
A 522 144 ~20A€t 6A~ 1441 2417 244
22 100 ml/ming] R 1HRY 2A Al=E
AQHAstart. Al=22F 717] 2 71 B®S = Fig 19 Al
223 A2 Fig. 20 Yttt Alm {57175t
o A4 7= Table 200 8oFstict.
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Table 4. Structure of selected isoprene, monoterpene, and sesquiterpenes

CAS Chemical Chemical Molecular Melting point Boiling point Flash point ~ Density
Component R o o o s
No. formular structure weight C C C g/cm
¢-Pinene  80-56-8  Ciollis @ 136.24 -3 155 33 -
Camphene  79-92-5  CioH QZ: 136.24 46 160 2 0.84
10Hi6 . (at 20°C)
. 0.84
Sabinene 3387-41-5  CioHie >—©: 136.24 - 164 37 (at 20°C)
Myrcene 123-35-3 CioHie >:/;>: 136.24 »-10 167 37 (at0.2759°C)
B-Pinene  127-91-3  CigHi @i 136.24 62 158 31 0.86
a-phellandrene ~ 99-83-2 CioHie >_®7 136.24 (25 186 42 (a?2855°C)
a-Terpinene 99-86-5 CioHig w 136.24 25 175 - (at0.2803°C)
p-Cymene 99876  CoHy < )— 13421 68 176 47 (a?'2856°c)
Limonene  138-86-3  Citis )~ )— 13624 -95 176 45 0.85
Bucalyptol  470-82-6  CioisO  f<(_)— 15425 2.9 177 - 0.92
y-Terpinene 99-85-4 CioHig >—O* 136.24 -10 183 - (atl IZSOQC)
y-Terpinolene  586-62-9  CiHis > )—  136.24 (25 186 37 (at0-2806t)
0.99
Camphor 76-22-2  CioHicO % 152.3 174 209 66 (at 250)
1.01
Borneol  507-70-0  CioHhigO @ 15425 2105 212 % (at 200)
a-Terpineol 98-55-5 CioHi10 ”’°>‘=<:>7 154.25 37 220 Il (a?'2904°C)
\
i 0.94
Methylthymol ~ 1076-56-8  Ci1HigO d ( 164.24 - 216 - (at 25C)
Thymol 89-83-8 CioH140 < § < 150.21 49 233 104 0.97
0.90
Caryophyllene ~ 87-44-5 CisHag 204.35 25 262 106 (at 200)
Humulene  6753-98-6  CisHu @ 204.35 - 276.3 110 0.80
Asarone 494-40-6  CpHigOs \,{%\ 208.26 62 296 - 1.03
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Fig. 3. Monthly averaged total phytoncide at the 5 sampled points.

FEA HiEE = AR Sl 7HY Bol &a-=ol 9L
= HEAQ terpene 22! e-Pinene, 8-Pinene,
Camphene, Sabinene, Myrcene, Phellandrene, @
-Terpinene, p-Cymene, Limonene, Eucalyptol, »
-Terpinene, y-Terpinolene, Camphor, Borneol, «
-Terpineol, Methylthymol, Thymol, Caryophyllene,
Humulene, Asarone & 459t H 2, HicHZ
H, AIAFEH2H ] BAFEEE Table 401 YeRH A

2t 42 A= AlmREE 300C, BH 9.6 psi
oA 250C, HEJo] A (Peltier effect) AxEZt
WALE o83t s Iz 9] Ui Cold Trapell
A A =E B0CE A 55 F 40T /sect] 5227
o2 £x Yof 300C 2 12 gaeto] o]4Zdd 2
240C A dHelA AlEE GC(Clarus 680)/
MS(Clarus SQ8T)E Hjo] 245t 248 44
2 Elite(30 m x 0.25 mm)E AH&sHE A 2471719
Z71& A 2|otH Table 37+ Ztt.
xF

3.Z3 %

na

3.1, g U AIZHE O EX| =9 EH(EHTEE)

o EX]E(phytoncide)x= A&  Yulsk=
'"Phyton' % ‘FHo|tt & oJn|ol= ‘cide' o] EAJ o2 4]
EolA WAt A, A%, 711, 59 752 K &

o
o
<,

4ol FAolth. = HE RS f=ddER
A BHEF Y52 AL AT EH ol &
ofjA] EulE B & AlFo] A% 9 &gt 7]
7t =B R ol 249 §&
A7 - A JATE Q& 4= . Fig.
7f ZARR oA TR F 209 D EXE Fk o]
o2 Y 23| %A HitS 7t 4o thEGIOR BA|
shect. 9 B EXE P E AnEy 2 2}
o7} Qlot dRbA o 2 5of X 1ghS Holm 4-7¢Y
9] Zro] Hlw A =}, ol BA} o EHo] AE9 &
o] Eof Ao WAL= TEXES FEE =2
Zo= wote), of2jet Ak APALAA L FAF
sHAl YERA lth(Helming et al., 2013; Kim et
al., 2013; Park et al., 2013). TEX=E 23S 4
d89] 85 A sh= e 7 o 5Ho] M
BIHAR AEJLS delET) B A Fo] &, o83 7}
29 Aok 52 1 EXE FEE XI5k Q= bt
H S5 7o) Fat7|2o] B 2] oo H]of &
of MEXE WL Fi} of Fofl H|gf W2 Ho=
T

T EX| E o] A2 ot F AlZPd Z}o)7} 9l

4l

3} gigto] g 4 91
[e)

T
2, rlo e
>,

r

lo
flo g

r rg
wW 1
M e ox 4

O.w.f o4

::I‘

N

Ehp
o o 19

Lo

C o
-~ 4



P =59 B U(terpene) 72| THEA 1045

140
—@— Manbyungcho
120 - —— Horangisoop
—~w— Pojawon
—{s~ Amseokwon
100 - —ll- Gosansoepwon
g
o 80
="
2 60
o
o
40
20
0

0-2 24 4-6 6-8 8-1010-1212-1414-1616-1818-2020-2222-24

Fig. 4. Averaged total phytoncide concentration over 24 hours at the 5 sampled points.
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Fig. 5. Averaged concentration of 20 phytoncides at the 5 sampled points.
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Fig. 6. Averaged each phytoncide concentration over the Baekdoodaegan area.
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