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o] I BE AR HEllglEEa 7I5A] 11559 SRtEo] HEE3th H59 SHEE-2 aromatic compound,
terpenoid, alkane, ketone, ester, aldehyde, alcohol, acid, miscellaneous compound&F=2 25319 © ™ aromatic compound
F(13%, 38%)¢} terpenoid (23, 33%) 3RhEo] thE SgERCl Hlg) =& HEE HEH Uk Aromatic com-
pound§F - Hu Q&0 O3t 7} SlRbE-S HEEA| Yol 1 JFo] gle ALw WdE, terpenoidF H-9-
HUQFES 7] 10% B S715T 759 SRkl F7h2 AEEech MAYRES 74 B2 terpe-
noid§ SRIZEL A, Wa, Wi AR ohel FuEA el At g R0 LelA Qo] A
T2s & ZoR wvHn

ABSTRACT

Since the air contamination by air pollutants from indoor construction materials and daily supplies has been in-
creased in recent decades, the public interest of using environmentally friendly products and improving indoor air qual-
ity also attracted much attention. As known as effects of phytoncide, it has been used in construction materials and
daily supplies with various method. In this study, hinoki cypress (Chamaecyparis obtusa) was used because of its high
contents of phytoncide. The leaves of hinoki cypress (C. obtusa), which generated by pruning, were extracted by steam
distillation, and then used as humidification water source. Volatile organic compound (VOC) from C. obtusa were char-
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acterized by GC-MS (Gas chromatograph-Mass spectrophotometry) in order to evaluate effects and risks of using C.
obtusa extracts. Total 86 types and 116 types of VOC were detected from distilled water (DI water) and C. obtusa ex-
tracts, respectively. Aromatic compounds (DI water: 13 types, 53%; C. obtusa extracts: 13 types, 38%) and terpenoids
(DI water: 16 types, 23%; C. obtusa extracts: 23 types, 33%) were detected more diverse types and higher amount
than other compound categories. No additional aromatic compounds were found from C. obtusa extracts, so C. obtusa

extracts did not affect on aromatic compounds emission. However, in terpenoids, total amount of emission from C. o0b-

tusa extracts increased to 33% from 23% (DI water) and 7 more types of compounds were found from C. obtusa
extracts. Especially, from C. obtusa extracts, terpinen-4-ol was emitted 71 times higher than DI water. During the hu-

midification with C. obtusa extracts, emitted terpenoid compounds were well known for higher anti-bacterial, anti-in-

sect, and anti-septic functions, but also these had anti-hypertensive and anti-cancer activities. Therefore, terpenoids from

C. obtusa extracts can help to improve public health by using humidifier.

Keywords : hinoki cypress (Chamaecyparis obtusa), extractives, volatile organic compound, humidification, terpenoid
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Fig. 1. Picture of the test room.
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Table 1. Thermal desorption condition and GC/MS condition

TD (STD 1000, DANI, Italy)

condition

GC/MSD (GCMS-QP2010, SHIMADZU, Japan) condition

Purge temp. and time

: 40C, 0.5 min

Column : VB-1 (60 m x 0.32 mm x 100 um, Valco

Inc. Co., USA
Desorb time and flow : 15 min, 50 m¢/min Injection temp. 1 250C
Desorb temp. 1 280C Injection mode : Split (1 : 10)
Cold trap holding time : 15 min Initial temp. : 40C (Hold time: 5 min)
Cold trap holding temp. 1 300C Oven ramp rate : 3 C/min
Cold trap high temp. : 0T Final temp. : 250C (Hold time: 5 min)
Cold trap packing . Texax-TA Flow : 1.00 m¢/min
Split : No Ion source temp. :200C
Valve temp. 1 210C Interface temp. 1 250
Transfer line temp. 1 250C Mass range : 30~350 m/z
3}3th. MSD 24 AL capillary direct interface ZH)o] 9L GBS £ 86F0] AEEH
2%, 2507C; ion source ==, 200C; ionization en- ow o] ZoA FAHo| 75t FIFES =

ergy, 70eV; mass range, 35~350 amuz A5} ch

(Table 1).
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Fig. 2. Number of volatile organic compounds emit-
ted from the humidifier with DI water and hinoki
leaf extracts.

Fig. 3. Proportion of volatile organic compounds
from DI water by humidifier.
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Fig. 4. Proportion of volatile organic compounds
from the C. obtuse extracts by humidifier.
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Table 2. Chemical compositions of aromatic compounds and terpernoids in DI water or C. obtusa extracts

Compounds RT* Distilled water C. obtusa Extracts
Aromatic compounds peazf) /oz)irea (%) pea(lf) A).;rea (%)
Benzene 10.83 2.09 3.84 1.27 3.26
Toluene 15.77 5.73 10.53 6.89 17.71
Ethylbenzene 20.48 7.24 13.30 5.10 13.11
m-Xylene 20.84 25.09 46.10 16.79 43.16
Styrene 21.79 1.61 2.96 1.09 2.80
0-Xylene 21.98 9.35 17.18 6.23 16.02
Isopropylbenzene 23.57 0.18 0.33 0.14 0.36
n-Propylbenzene 24.90 0.27 0.50 0.17 0.44
1,3,5-Trimethylbenzene 25.49 0.40 0.74 0.29 0.75
Phenol 25.84 0.47 0.86 0.21 0.54
1,2,4-Trimethylbenzene 26.64 1.17 2.15 0.28 0.72
Acetophenone 29.22 0.41 0.75 0.22 0.57
Naphthalene 34.67 0.40 0.74 0.23 0.59
54.42 100.00 38.90 100.00
Terpenoids

a-Pinene 24.53 8.65 36.39 5.49 16.28
B-Pinene 26.42 222 9.34 1.47 4.36
B-Myrcene 26.61 0.55 2.31 0.25 0.74
1-Phellandrene 27.42 0.11 0.46 0.33 0.98
63-Carene 27.82 3.75 15.78 2.63 7.80
p-Cymene 28.03 1.41 5.93 0.91 2.70
dl-Limonene 28.47 1.28 5.38 1.38 4.09
B-Phellandrene 28.49 2.74 11.53 242 7.17
v-Terpinene 29.68 - - 0.33 0.98
Terpinolene 30.98 0.08 0.34 0.21 0.62
Linalool 31.12 - - 0.11 0.33
Ocimene 3231 - - 0.33 0.98
Camphor 33.08 - - 0.06 0.18
1-Borneol 34.22 - - 0.33 0.98
Terpinen-4-ol 34.41 0.16 0.67 11.44 33.92
(-)-a-Terpineol 34.79 0.96 4.04 1.62 4.80
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Table 2. Continued

Compounds RT* Distilled water C. obtusa Extracts

Isobornyl acetate 3847 0.06 0.25 2.35 6.97

a-Terpinyl acetate 40.58 - - 091 2.70

Junipene 43.66 1.34 5.64 0.74 2.19

Germacrene D 45.90 - - 0.10 0.30

a-Muurolene 46.01 0.10 0.42 0.07 0.21

v-Cadinene 46.49 0.17 0.72 0.11 0.33

§-Cadinene 46.61 0.19 0.80 0.14 0.42
23.75 100.00 33.72 100.00

* RT: retention time

benzene (3.84%), styrene (2.96%), 1,2,4-Trimethy
lbenzene (2.15%) 5= HEEHSITH HAHJ==4+5
et A9, FRET ASAEL Wk fAA
m-Xylene (43.16%), o-Xylene (16.02%), toluene
(17.71%), ethylbenzene (13.11%) 5| 2 AET
om, Al ugFS] benzene (3.26%), styrene
(2.80%), 1,2,4-Trimethylbenzene (0.72%) 5= A=
Holth AR F A BT xylene®7F 50%
o]AFS 2}X|3H= Ao = et Benzene, toluene,
ethybenzene, xylene (BTEX)= Traulef=E &shea
2 djEEe sERA FUge] Fa TAARo
W chopgt shet Beold o) @ 34 dme de
AR Qe EEEClY T84 BTEXE AlEA
AlZFol] AR AFAQ] x| v oA 7] Q1% A

AR AL Bt

Terpenoids®] 73 <ol 165, HM=Z
Sl 23%0] FAo| Hglom T WEHe HY
2257} OF 10% A= EokTH(Table. 1). Z55 7
5 AlddoA s8H 1659 SFEolAl a-Pinene
1} p-Pineneo] Z+ 8.65%%2} 2.22% Wr&EH| 82 UE}
WO, §3-Carene (3.75%), B-Phellandrene (2.74%),

junipene (1.34%)%= HZE% It} a-Pinened} -Pinene
Hh=ako] 3Ho terpenoids WEHQ oF 45%S A
ST, OlAL ABA Aol ASH TEA =1
o} vk Re wEE sew wohE,

W AQRES Tk ARAe 49, FRE
75 A@AT) v wste] A WS o-Pinene (5.49%),
B-Pinene (1.47%), §3-Carene (2.63%), [3-Phellandrene
(2.42%), junipene (0.74%) So] AZE T, ZE2
7k A @AA HEEA] ¢ y-Terpinene, lina-
lool, ocimene, camphor, 1-Borneol, a-Terpinyl ace-
tate, germacrene D, terpinen-4-ol 5= HZEFSIct.
a% Jujgk HEEUY  terpinen-4-ol2] W&o
0.16%(FF)oll A 11.44%(CHMI=E) 2 716t
o Z terpenoids WETFL °F 10% =715t «a
-Pinene, (3-Pinene, terpinen-4-ol2] Wr&aFo] T2 ter-
penoids WrETFO]l 9F 54%E A5}, terpi-
nen-4-ol AAHFO. 2% 33.92%= Z}A|5}%T o]y
3t terpenoids =2] S7H= HHSHA HullFE
o o3t Aog Tt ESE Lim ef al. (2013)2)
dAtolA HMY 57 F& AR Fa A
terpinenyl acetate®} terpinen-4-olo] Z+z} 11.04%%}
10.01%= 7 =74 A&l H3leH I v ¢&
= bornyl acetate (7.57%), y-terpinene (6.02%), ele-
mol (5.16%), limonene (4.23%), sabinene (4.19%),
B-eudesmol (4.39%), carene (3.42%), [B-myrcene
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Table 3. Changes of the criteria substances of indoor air quality by C. obtusa extracts (Unit : pg/m’)
Compounds Distilled water C. obtusa extracts Limitation
Benzene 3.67 3.69 30 (KR)
Toluene 5.86 12.88 1000 (KR)
Ethyl benzene 8.96 10.50 360 (KR)
Xylene 4181 4631 700 (KR)
Styrene 1.80 2.04 300 (KR)
TVOC 118.98 200.51 400 (JP)
*: KR=Korea, JP=Japan
(3.29%), widdrene (3.27%), camphene (2.07%), cym- Z3h AME Ao r, wo|AT AE, FAA AL
ene (2.3%), a-terpineol (2.28%), cadinen (2.45%), T]w, 1-Borneol Z&HIA|o] a7} 9= Ao=F
guaiol (2.58%), beyerene (2.21%), a-thujene (1.71%), 44 9Jrh ESF camphors SE AR, A=, A
isoledene (1.57%), calamenene (1.56%), cedrol 5, WHA, &5 WRA|, AE=A)|, &3F, FAE, T
(1.44%), a-Thujene (1.35%) <=2 YEGTE o] A So& AMEE A QJti(Mann ef al. 1994). E3]
T puQREse] AR HSS AYEY] 7 9E Es) B terpinen—4-0194 e 2gARA
A BEEE AR 0Ra TSRS WS4 9 Ekol AFEon, FudtYEoR Y

AE yehdozs 233 75 ® Q% =8
AR £AS gt Aoz weE,
Terpenesi isoprene H7(CsHg) ©$7} A&5F o
BErEe-S Z3l A 3HEZ A mono-(Ci),
sesqul-(Cls), di-(Cy), tri-(Csg), tetra-(Cq) THYZ ©]
Z o] A ti(Sjostrom 2003). ©] % monoterpenoids+=
EE3 32 7 FHAEZRRE AE A -S(essential
oil)] FAHR o7 =7 Z7F EX kraft pulping I}
o Ao 4 qlom Lo it 7oAy 9 =
4 & AT ass UIs, FToe AL
4, naYAs), A A A st 5o ookt
Ag]d 9 okg|3d 7]% E3sh H 1% Qlth(Calcabrini
et al. 2004; Hart et al. 2000; Lahlou et al. 2002). &=
3k, Wang et al. (2005)3} Li et al. (2005)2 34a
ok FHAHel oliE 2 AnE sstolrk
Hulol=ZolA HEH terpenoids Fof|A y
-Terpinene> T}k A5 25E F&0] 7Hs3t o
3tEo|n, Eool 7| 7}A|= o-Terpinyl acetate
= 249 FaE AM-EY, Linalool> 74 Frgdt
WA= Bolgt WS s oA B sYRo

H

29| Alex /\]E% v} Qlth(Lahlou er al. 2003;
Hart et al. 2000). ©|2{gt terpenoidsE o} $H-3-5t
A4S TR Wrlele] ALgatezn A

U719 HAETL gt aes F
7

o= geke),
3.3. Alig=d d&8 8

g 4
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HHYF S04 WEE A LB Fol
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2 520 AYEr)ed Aur|EEd
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E‘G

=222 ul

o X
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