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2 oF: HEXNEE AEA A wEEHE AR FIER7ISHEBVOCs)ol| E£3E0]ql= isoprene, monoterpene,
SesqulterpenelﬂL 72 e dHE *Zﬂﬁh’% Efi HEANEE Fa% AR AR FAlol Aasieta Fehikg
< 5] && 9 o3} frlool2E Aol IS VA= 2EE HuE ok £ dAtolAe v TAe 2830
$2S HAAsIY] FEIAZA(LE: 30°C, -‘5]'5. 1,000 pmol/m?*/sec)ollA] 400 L Tedlar bag?] &3 WS o|&3fo] A
B2E 235t dEZGOMSE BA519 T, i 29 AS AXANA AE5H & 4249 isoprene X terpene 2] W&
T FA6Ielth Isoprene WEFS HA| 5 FollA Fiolld B woton U, 24U, JdE0l 4
isoprnen W& F 0 & UENITH Monoterpene &2 27|ttt ol 7Y ko ALR4], YR, Wad,
wepA|F o]0}, AP, AU, HAUS7F 8 monpterpene WE 20 2 UENITE Monotrerpene £ E2-2 a-pinene,
myrcene, limonene, B-pinen, sabinene®] ¥} 1, sesquiterpene®] 8 F2-2 caryophyllene, farnesene © & UEMGTE Oxy-

FUIU

genated monoterpene®] F+8 522 pulegone, borneol, menthol, eucalyptol, nerol®] 31 oxygenated sesquiterpene®] A+
carypphyllene oxide”7} 8 E4 & HEE AT 307l 42F0]|A] sesquiterpene™} oxygenated sesquiterpene?] W& At
gHoz vk,

Abstract: This research focused on the investigation of isoprene and terpene emissions from 30 major urban tree
species. We conducted sampling using a specific dynamic enclosure system between August and September 2020.
Seedlings less than three years old were enclosed in a chamber consisting of a 400 L transparent Tedlar bag. The
air-flows from the chamber’s outlet were sampled using Tenax-filled sorbent tubes in the presence of standard con-
ditions (temperature: 30°C, PAR: 1,000 pmol/m*sec). A thermal desorption GC/MS system was used to analyze 38
BVOC compounds (isoprene, monoterpene, sesquiterpene, oxygenated monoterpene, and sesquiterpene). Isoprene emit-
ters included Phyllostachys bambusoides, Quercus serrata, Daphniphyllum macropodum, and Buxus Koreana. Monoterpene
emitters included Pinus rigida, Acer pictum subsp. mono, Larix kaempfer, Magnolia denudata, Metasequoia glyptos-
troboides, Pinus koraiensis, Pinus densiflora, and Abies holophylla. The monoterpene emission profiles were domi-
nated by a-pinene, myrcene, limonene, B-pinen, and sabinene, while caryophyllene and farnesene were the prominent
sesquiterpenes. Predominant oxygenated monoterpene compounds were also discovered as pulegone, borneol, menthol,
eucalyptol, and nerol, while caryophyllene oxide were the prominent oxygenated sesquiterpenes. Sesquiterpenes and
oxygenated sesquiterpenes had relatively lower contributions for all species.
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1151 m¥o& =718} Qo 28 ARAEAQ} LA
Aeebd-& NS Rl Qo] BEshr|ol= ofF] H

v =2
ES AT S AT ARRHA ol HiRh B0l
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9 ofe] 7}A] A f3lAE FollAl oA WhAbE = $dt
429] 7 EX E(phytoncide)ell st EAlo] Eobx| 1L
olr,].
BHrA)-G-7]3FeHE(Volatile Organic Compounds, VOCs)
AR89 ARIOIA 7] Fom shAagElR 47 Fh
Sslg4slgHEolu VOCsE 21914el WALl A o
&= 219171 VOCs(Anthropogenic VOCs, AVOCs)2}
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A-4-718HE BVOCs(Biogenic Volatile Organic Compounds)
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et al., 2010), 2EH A A4 714 (Choi et al., 2016), 27+
AAA W RudAilRdA e vt tigt A4tAdt
(Kim et al., 2012)7} =it

qhd, tf7]eteha fE oA i BVOCs+= &2 M
K om AAAISHNOX)T BolshES & slo] 028
ke A0 R BaE I 9tk E3t o|xk 7] dflo] 2 &2
A A(SOA; Secondary Organic Aerosol), EFA=312] 4=%]
%, A AR A Aol 71ofske f714ke] A4
ol 23 S vA = AR HAEI QIt(Wu
et al., 2020; Ding et al., 2014; Bonn et al., 2017).

wepa] Ao A W& E] = BVOCs W&ol tigh A+
2 monoterpene?] WEHL 2L OEAo] =& Fog
H 315 3(Dominguez-Taylor, 2007), isoprene &2 &
=9} 333HA-G- 7 EAlH(Photosynthetically Active Radia-
tion; PAR) Wiglof wte} JoFe v Ao HuEQlt)
(Harrison et al., 2001; Xiaoshan et al., 2000).

U= MHE o]-g5te] Abg FXU AP A A
2ol 4, PAR $H70] mjet Sejutet o %ol 41}
E(Pinus densiflora), AUS-(dbies holophylla), A )5
(Pinus koraiensis)E 33Vl T4 (Pinus thunbergii)i} <+
AU (Abies koreana), S YUF(Cryptomeria japonica),
W (Chamaecyparis obtusa), %3“1/}—‘?—(Ginkgobiloba), i}
E(Prunus serrulata), =€|\}5(Zelkova serrate), A1 215
(Quercusmongolica)®] BVOCs W&3Fo] gt A7} 213y
EQItHLim et al., 2008; Kim et al., 2005; Kim et al., 2004;
Park et al., 2021).

A AAA & 200010 BWEE BVOCse] F5=2 oF 1 Pg
(10" g)© & BVOCs Zof = isoprene 53%, monoterpene
16%9} 7]€F ¥-2-4 VOCs 31%0.2 o]=o]4 9lon] 1
W& AVOCsHE T ofF 108 A= W2 Ao =45
CHGuenther et al.,, 1995, 2012; Simpson et al., 1999).
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AEFER P2 9 9Y Sl et PR AR b A2 U e
Aol Basteh B3] I F8 2Y4F L 2457
4% g BVOCs WE74 DB 752 uhe st A 1. 45 M

Zolck ofo] & AFoM= v BAlg 8 5ol = =8 24 9 28 55, AIAE FoA A 2
A &S| isoprene ¥ terpene O] M WEY W AR E FEHAE, 99 E AV@LE, B9k =4 ¢
of i3k DBE F53to] EAle 24 759 A 7S W S84, HHAY, aa8old 55 Pt =Ae 5
npsto] g9 =AY EAe B =4 A Al A 830 %S AR 39 ofst HES At
Aot di71ghg o) S =Y 4 e AR A9 o2 5F3ithTable 1). HE2 MG/ Pr8 JES ¥
7hol =2kl AAlof Z-g-5kara} et I 325 emx25 emx25 em)ol| A5tk BVOCs 4

Table 1. Summary of enclosure sampling condtions dry leaf weight, leaf surface temperature, and relative humidity.

Species Dry leaf  Leaf surface Relative
weight Temp. humidity
Scientific name (Korea name) (2 (°0) (%)

Abies holophylla Maxim. (KIUF) 40.7+10.9 30.6+1.2 65.5+1.8
Acer buergerianum Miq. (B2CHE) 11.6£1.8 274411 63.143.2
Acer palmatum Thunb. (FE&=UHF) 3.7£1.3 28.440.7 46.3+6.4
Acer pictum Thunb. var. mono (Maxim.) Maxim. ex Franch. (L2 &|L}5) 6.2+4.4 28.4+1.8 55.1£5.2
Betula schmidtii Regel (12U 8.0+0.7 29.0+1.1 72.8+3.1
Buous koreana (Rehder & E.H. Wilson) M.Cheng ex Chung & al. (Nakai) M.Cheng (3] %% 17.3£5.6 30.3+0.9 49.9+£3.0
Cornus officinalis Siebold & Zucc. (AF58) 12.8+2.1 29.1+0.3 59.4+3.7
Daphniphyllum macropodum Miq. (&7 2UF) 12.9+4.3 32.6+1.5 60.8+2.0
Euonymus japonicus Thunb. (APEUF) 16.3+6.7 28.6+1.6 58.3+1.8
Forsythia koreana (Rehder) Nakai (7HU2]) 12.9+1.4 29.7+0.5 61.6+4.9
Ginkgo biloba L. (23§U43) 17.0+3.3 30.2+0.3 64.1£1.7
Juniperus chinensis L. (ZFUF) 139.9+20.1 28.74+0.3 63.4+0.7
Kerria japonica (L.) DC (ZUljsh 28.4+11.8 29,2+0.9 70.5+1.4
Larix kaempferi (Lamb.) Carriere (Z=AZALLR) 4.7+1.2 28.5+0.3 42.7+6.3
llex crenata ‘Convexa’ (ZHIAPZLER) 35.9+9.1 29.6+0.8 62.5£3.0
Magnolia denudata Desr. (H853) 8.9+1.2 29.342.6 60.2+5.5
Metasequoia glyptostroboides Hu & W.C.Cheng (H|EFAM|H o]0} 20.9£4.0 29.240.7 70.5£5.5
Phyllostachys bambusoides Siebold & Zucc. (Zh) 14.7£7.6 26.1+1.3 65.7£3.2
Pinus densiflora Siebold & Zucc. (AUF) 36.4+5.3 29.5+0.7 65.5+£1.8
Pinus koraiensis Siebold & Zucc. (BIL) 49.4+3.2 31.0£1.1 62.8+2.4
Pinus parviflora Glauca Group (AAAHURE 2287 18 3.0+1.6 27.9+0.4 57.1+£2.2
Pinus rigida Mill. (2]7]CHALES) 7.0+2.6 26603  47.443.1
Prunus x yedoensis Matsum. (ZELE) 41.4+2.7 29.3+0.4 66.4£2.7
Pyracantha angustifolia (Franch.) C.K.Schneid. (F2m|2}7 e 31.0+£2.0 26.3+1.0 65.4+0.5
Quercus acutissima Carruth. (At52]UR) 24.1+2.8 28.0+1.1 67.0+2.4
Quercus serrata Thunb. ex Murray (£3H}5) 15.5+4.2 28.2+1.0 71.0+£5.7
Quercus variabilis Blume (Z73UE) 12.1+4.3 26.6+0.4 57.542.8
Rhododendron mucronulatum Turcz. (K1EZ2}) 4.1+0.7 29.9+1.7 51.943.1
Spiraea prunifolia Siebold & Zucc. f. simpliciflora Nakai (RZUE) 6.2+2.4 28.9+1.3 54.3+0.5

Ulmus parvifolia Jacq. r=gU5) 14.5£6.6 27.9+0.4 66.9+3.5
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Table 2. List of standard compounds

Group Compound
Is((;grg)le Isoprene
o-Pinene
Chemphene
Sabinene
Myrcene
B-Pinene
B-Phellanderene
Morg/t{eg)ene 3-Carene
a-terpinene
Limonene
r-Terpinene
Terpinolene
Cymene
Ocimene
Camphor
B o Terpineol
29 A HEo| Ut o] BrE T & FEARAR Eucalyptol
I 30°C, &= 1,000 pmol/m’/sec) 0.2 -4 = HH o Borneol
2 ¢3A Menthol
Oxygenated Sabinene hydrate
2. BVOCs Y& 7+ 2M2 flst =2k 3 Hx| Monoterpene Linalol
HEOA WEEE BVOCs A 2E 517 YafiA] (OMT) D-Fenchone
W Y3} BEEERd0] SAE L, S mEele w Fenchyl alcohol
E AAE AW Qo] 4S 4 JESF 1 mx2 m, 400 L Isopulegol
Tedlar bagS A|&3l0] T4E AirS ALgsls 48d 2 Nerol
H(dynamic flow through chamber)E A| A8 L2319 Pulego.ne
CHFigure 1), Geraniol
Ao MRS AT ArS 300 L e %, et e
o EEBHEANA 087 F A F ¥ e Sesquiterpene ——
271 AFsto] BAsldch MAEEE 24 5 e ) 1) Famesene
FO| 1L airg B5F AAS dY HET 2527 Valencen
= AAshal #8204 leE Air 5 oF 34 cis-Nerolidol
L/min2 F¢35}o] vfj&Ttof A 2F 2~2.5 L/min §-8°] & trans-Nerolidol
2)E T 602 EoF 92 A AT Oxygenated Carypphyllene oxide
Sesquiterpene .
(OST) Guaiol
3. BVOCs Al2 ZZ 2 24 HiH Cedrol
H AFo A 24 BVOCs E2-2 isoprene (ISO)x}t a-bisabolol
terpeneF 2 TLEBIYG AL terpene BH L 7|E AP =RS
Z+113}0](Ortega and Helmig 2008; Yaman et al., 2015; T A BY e AYFr|AZAA "o Ay L
Chen et al., 2020) monoterpene (MT) 13%, oxygenated AZAA A HEE= JTAAR71EdE 54 W

monoterpenes (OMT) 1355, sesquiterpenes (ST) 5%&3, A2y} 7| A T2 elE 2 Z-MS/FIDH(ES 02602.1¢)
oxygenated sesquiterpenes (OST) 6ZF 2 JLE3Sto] & 38 2 o] &3}t IR LR o] AMSH Tenax TA T2
7} BVOCs A28 B4t tHTable 2). (Supelco, USA)L- ARE- A T2kah 710 4 U(APK1200, KNR,

IsopreneX} terpene®] FA A4S 99t T2 A&} Korea) 5 ©|-8-510] 300°CoflA] 4417t AT A AA| 3 ARG
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Table 3. Analytical conditions of thermal desorption system for determination of BVOCs.

Items

ATD Conditions

Split ratio

Carrier GAS
TDS flow

10 : 1

He (99.999%)
1 mL/min

Desorption temperature Initial temperature

program Final temperature

30°C (holding 3 min)
60°C/min, 280°C, (holding 5 min)

CIS temperature Initial temperature

program Final temperature

-30°C (holding 5 min)
12°C/min, 280°C, (holding 5 min)

Transfer line temperature

300°C

Table 4. Analytical conditions of GC/MS for determination of BVOCs

Items

GC/MSD Conditions

Split ratio

Detector

Column

Carrier GAS and Column flow

Split 10:1

MS Clarus SQ8T (PerkinElmer)

Elite-5MS (PerkinElmer) 60.0 m x 320 ym x 1 um
He (99.999%), 1mL/min

Initial temperature
Temperature

program Heating rate

Final temperature

50°C (5 min)
5°C/min, 220°C, (holding 10 min)
10°C/min, 250°C, (holding 5 min)

MS Source temperature

MS Quad temperature
MS Condition Mode

lonization energy

Detection mode

230°C

150°C

EI

70 eV

TIC (scan), m/z: 35~350

3} At} Isoprene FE=E2(59240-1ML-F, Sugma-Aldrich),
terpene  ¥FE2(CAN-Terp-Mix1&2, SPEX Certiprep,
USAYE ARESE S2H Alxe #3554 S2PEA|(CT1100,
CHEMTEKINS, Korea)Z o] £5}0] 200°Co]| 4] <% He
gas 100 mL/min 941 AJE|2 o)) EEE o] 7|5}2l
T = 2doA sEER A=3HT. Isoprene EEE
2, terpene FE=AT} oA 7|AAEE 3T 2T
2 HEF2HATD)-GC/MS (Tubomatrix350-Clarus 680/Clarus
SQS8T, Perkin Elmer, USA)S ©]-83}o] Table 33} 42] HA
Z 771} selected ion monitoring (SIM) modeZ 4135} th

2224 isoprene} terpene AR A2 B4 3%
= M AHE ARESto] Sl 2SR 2HNA =
A171 % 7kzbe] oA Tenax TA Eaa} A 247
SE(MP-230, SIBATA, Japan) AH8-3}6] 100 mL/min®] &-
2o [0EE0l | L ZAaFyth BE Z:220] BVOCs Al

= 20209 8¥€~99Y, 27 11:00~14:000] ZA3}ch

4, U5 BVOCs WS
T5E 22042 BVOCs RF=HER: emi-
ssion rate)= Ortega and Helmig(2008)7} X2 113t 4]-& A&

5to A&7 45 BVOCs w=9F A vj7Z &=, A
N HiEE = 37w A ASES L Y
No& UFY BVOCs WEFES ANt 2 65°C
oA aepe] B W7kA AXAI F AFHE ZAc)
(Table 1)

ERBVOCS = Q(Csample chamber'cemply chamber) / Zdw

ERgvocs : BVOCs ®Z&%F ng/(gqw hr)

Q: A wiE <& (m'/hr)

Cuample chamber : FH] U526} 5238 BVOCs 5% (ng/m’)
Cempty chamber © 9 ¥} 5=
gaw: BVOCs A& AF &= 4

o
e
Ko,
lo
N
ofy
of
D

zd

z47} ql

x—l_l

——

—_

. Isoprene HtE2F

TATETS BN HAEF T isoprene, mo-
noterpenes, oxygenated monoterpenes, sesquiterpenes, oxy-
genated sesquiterpenes W& A A IS Table 59 LE}
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Table 5. Emission rate of isoprene, monoterpenes, sesquiterpenes, oxygenated monoterpenes and sesquiterpenes for tree species
in dry weight of leaves (g4,) and standard condition (30°C, 1,000 pmol/m’/sec). ISO is isoprene, TM is total monoterpenes, TOM

FEILLAMEHEEEE A0 A45 (2021)

is total oxygenated monoterpenes, TS is total sesquiterpenes, TOS is total oxygenated sesquiterpenes.

Scientific name

Emission rate per leaves dry weight ng/(g4w hr)

ISO ™ TOM TS TOS
A. holophylla 0.9+0.5 342.9+183.9 12.9+£8.9 7.245.2 8.0+4.1
A. buergerianum 1.2+0.8 44.4+22.5 126.4+89.7 23.5+4.2 0.6+0.2
A. palmatum 43439 321.8+247.9 51.0+£21.5 21.2+13.2 166.6+91.4
A. pictum 12.1+10.7 3282.0+1354.9 152.3+61.5 10.4+4.0 5.7£3.2
B. schmidtii 2.0+1.2 58.5£39.7 79.8+27.1 9.5+£2.3 11.6+5.1
B. koreana 1710.5+347.6 58.3£10.5 20.0£5.2 22.4+10.0 35.6+7.6
C. officinalis 4.2+1.2 50.3£21.9 29.3+14.9 11.1£9.2 55.0+41.6
D. macropodum 5693.2+1011.5 12.3+2.2 34.6+9.9 4.9+1.6 6.1£3.5
E. japonicus 3.7+0.8 8.1£5.1 5.9+0.7 8.1£3.4 3.4+1.7
F. koreana 2.5+1.0 13.2+5.5 34.6+23.6 6.243.7 4.6+£3.4
G. biloba 1.1£0.6 15.5£2.9 11.4+0.8 43£1.2 15.849.0
J. chinensis 1.1+£0.7 72.9+£37.9 3.7+1.3 3.242.0 0.4+0.1
K. japonica 2.2+1.9 4.6+2.5 29.3+9.3 8.4+7.3 4.3+1.8
L. kaempferi 8.2+4.6 1828.1+558.5 78.9+33.7 5.9+4.3 11.2+8.0
l. crenata 7.2£5.6 55.2+43.0 22.549.7 2.7£1.0 38.6+28.7
M. denudata 6.4£5.6 1794.4+1678.5 51.2+46.7 9.7+8.8 2.1+0.2
M. glyptostroboides 0.8+0.5 1547.0+734.5 90.8+24.4 3.0£2.5 2.7+0.3
P.bambusoides 10458.0+2328.2 17.7+4.0 51.6£29.0 9.5£5.7 114.8+£102.2
P. densiflora 1.9+1.2 725.1£525.8 653.7£78.2 3.0+1.8 1.2+0.6
P. koraiensis 15.5£2.9 936.5+116.1 12.8+6.9 2.9+0.5 1.941.1
P. parviflora 1.8+0.5 123.949.2 168.0+£84.2 16.5+7.4 16.9+8.8
P. rigida 13.6+9.1 8665.4+3613.5 179.1£59.0 69.6+36.2 14.9+8.5
P. yedoensis 1.6+0.3 6.2+1.1 3.4+1.8 2.2+1.4 9.948.1
P. angustifolia 3.4+1.3 103.2+29.0 13.6+3.1 5.8+£3.9 56.0+23.7
Q. acutissima 15.0+7.5 12.0+11.1 14.6+0.7 6.7+2.5 4.7+2.3
Q. serrata 6386.8+1616.2 38.4+30.0 18.1£7.8 7.2+1.7 11.9+4.6
Q. variabilis 2.8+1.0 51.4+5.8 30.5+7.9 7.3£1.0 3.3+1.0
R .mucronulatum 0.6+0.2 162.2+17.7 61.2+£35.2 16.7+8.4 17.5+8.4
S. prunifolia 1.8+0.5 146.2+£109.0 113.1+£81.6 8.3+4.5 12.845.0
U. parvifolia 3.6£1.5 22.2+15.9 29.6+18.6 24.3+12.3 64.6+£60.5

Wk =29 WEe ddl(Phyllostachys bambusoides)©l|

A] 10,458+2,328 ng/(gew

hio.2 71 7 Uehie ok

o2 ZZUY(Quercus serrata) 6,386+1,616 ng/(gqw hr),
=AY (Daphniphyllum macropodum) 5,693+1,012 ng/
(gaw hr), 3] %FE(Buxus Koreana) 1,711+£348 ng/(gaw-hr) <=

o= vehgon 1 9 4

20| A= 15.5~0.6 ng/(geh) O 2

ApejEow e uhaere el Eit isoprene WA
o] & S, B, AU, S|9FEo A teperene

gate] WEgol ui¢-

w7 vhehdeh mebd 2a 30 4

=2

Isoprene S F2 & 4=
£ AAshA] okl vl 334 ZR-S
= EA40] ) om(Kim et al., 2015),
]I,}‘E]- 0351;9_ =12
2001; Xiaoshan et al., 2000). & ¥ oA =
Stz ol A 7 =

bamboo ¢ 9] isoprene W=

AoZ HuE:

Z Zo)| A FQ isoprene W& $£Fo 7 ERE QL

oM Y %EJU% 24

ol £

isoprene =5 UEHOH o
o} 9A}at ATHE Chang et al.(2019)0f 4] 122
ZgA 2347 A== 67

4= BVOCs
=3 BVOCsE %

29} PAR ®3}

Q)tHHarrison et al.,

2=Z22] moso



S

T Qo 2=8} FTo] whet isoprene WETOI
S7kethe Aos HuEith
TUoA= thEHQ FUFE =520 ST (Quercus
serrata), ZEUYEHQuercus aliena), 2| U5 Quercus
acutissima), =5 (Quercus variabilis)©l| o3l X 2]Akak
T4 cuvette =4 Ay}, SRR AR
Aog HIEQYrKKim et al,
2004). 2|10} FUE, AP, S Quereus
crispula) BVOCs W& EA] o A= S35 9] isoprene W
ZFo] 7P =4 YEthKim and Lee, 2012).
Ao} 71 AToIA B 49l TR, IR,
DA BAUR, ey St SR
isoprene ®r&wo| 71 A Uelyith ojefto] B &
QAJeh Fol wehd WEo] olzh ety 7|
gt
o

isoprene HWrEaFo] =

TFollA= olHRt Aik= By 7% & 4—54 A4
7ol whet WEFA ZolE Hol= Aer FAHE e
2 BISIPAIRE & Aol M= U7 AA2E )
aHoh Fo mE WEEHdos wehE

Owen et al.(2001)-2 portable dynamic teflon branch en-
closureE ©]83}0] 3% Buxus sempervirens)o| A 10.0
ng/(gaw-hr)®] isoprene W& AiHE H stk

ZAof wo| ARE o) Q)= FHUI( Prunus x yedoensis)
9] isoprene WEHF- 1.6 ng/(gsw hn) 22 1 A Lje}
il o]e} Z-& Ayl= Sun and Leu(2004)2] Lo A <
SURL g2 553 vzelel AYHen e we
isoprene =S UEMH Ao 2 BT AL} [ASH
As vebuch

BVOCs 92k (1) 549

2. Terpene W&k

Monoterpene & %2 @404 W&EE o= el
A glom ATt BASeR: 2ol JAYS s vz
WEEA B Q) AFE] U R eFRE WE

T o] 7 Fotox &L= EAo] QJth(Laffineur et al.,
2011). Monoterpenes *&%-2 H413 AN Table 5) 2]7]c}
AU Pinus rigida)o| A 9,154+2,328 ng/(g4w-hr) 0.2 717
=A el 312 2 (Acer pictum) 3,282+125 ng/(gaw hr),
ABZMN Y Larix kaempferi) 1,828+93 ng/ (gaw-hr), BHE
H(Magnolia denudata) 1,794+129 ng/(gay-hr), HERH|FH o]
oW Metasequoia glyptostroboides) 1,547+62 ng/ (gaw-hr), 3t
YUY (Pinus koraiensis) 937490 ng/(g4w-hr), 2U-5(Pinus
densiflora) 725+50 ng/(gewhr), AU5-(4bies holophylla)
343£19 ng/(gaw-hr) =2 2 LEFTE E3F monoterpenes
o] WrEFFo] F& £EEL isoprene] WETFo] ¢ W
Al YEFSA monoterpene 8 W= £ 08 JLEE 4~
SIStk AP R ohfet AR W wE S}
Zo] A5 EA+EE monoterpeneS F= WESE= A
o velgton], ol 4w £ =N Fagus 5
L)), 3 A7MA Y (Quercus ilex L.) 5 L5 SF4Z9
A monoterpene F8& W& £FoZ dHA U
(Schurgers et al., 2009).

Figure 20]]h ZQ monoterpene W= 520 NHERY

HEHles UEblth 27]tauol| A= a-pinene] B
S 4,015 ng/(gayvhn) = 7P 32 44%0°] s o
myrcene 30%, 2,726 ng/(gqw-hr), limonene 14%, 1,317 ng/
(gawhr), B-pinen 9%, 857 ng/(gewhr) <= O 2 LEFITE 2]
YA o] Qlut ZHA]E 80 L W2 WHAlA 347

ylvatica

o]
o
1

9%

(2]
o
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Figure 2. Contribution of various monoterpenes emitted from major monoterpene emission rate species.
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E| 11974 monoterpene W& £43F A
-pinene, myrcene, B-phellandrene, B-pinene®] F8
1 limonene®] 7--ofli= A& whet HAE} 9l
B35 G 31(Park et al, 2021), B = AT} GAFSH
= yepirt.

StH U2 A UF= isoprene T} monoterpene @] W&
o] © =S sabinene?] HETo] 2,521 ng/(ggw-hr) 2
A monoterpene WETF Foll A oF 77%0°] = ATt
olof e Auk= AFA ] 454 Ak BVOC WEHE
APASE A3 12 A YUF = isoprene?] HWFETH0.057 ton/
year) X T} monoterpene ®&5(5.015 ton/year)0] § =&
Aoz B3k Kim(2013)2] Aol ARt kS UE
Wit

A EQJZFL} o] A = limonene 52%, 958 ng/(gaw:hr),
a-pinene 27%, 486 ng/(g4w-hr), myrencne 12%, 2,726 ng/
(gow'hr) =02 UERRITh

Conifer cuvetteS o]-&3|A] LEJ LT QoA W=
%)= monoterpene= £43F A3 Mochizuki et al., 2017)°]]
A= a-pinene, B-pinene, myrcene, B-phellandrene, limonene
o F0 BAR BTstel B Aol GARE AT ek
t}. Mochizuki et al.(2014)2] ¢13Lo| 4= terpenoid fluxE
ol g3t0] QEALRHNN BVOCE 19 53t 4] =
At A} 2 W= 522 a-pinene, B-pinene, sabinene,

myrcene, camphene &2 R 15} E FUSH WpHo g o

=2

WMo

o w fr
2 e

E

AR A Ao BVOCs WEHS SA% 4
o A = a-pinenes 8 EZZE H113}tHeda et al.,
2006).

£ Sgo] Aol Su, ARV, 242 5o
we} 2 WE BVOCsE ¥ L WETo] o2 veht
= 7102 WkE Y, Bk ozt Suolx] 47 wE
+ BVOCs®} AFt7] 52 BVOCs7} th=24] Uehd o=
oloﬂ:]- o]= BVOCs7} tf7]=2] OH, 0;, NO;&} 225}
= llfetlme_ﬂr HHo] rh d71=9] OH, 03 NO;9} «
-pinene®] WF-g-&== 717+ 2.6 h, 4.6 h, 11 min o] A7t
limonene2 49 min, 2.0 h, 5 minS. & AIH o2 w=7)
7] 52 OH, 05, NOso} ¥Hg-6h= Ao HiE gl
(Atkinson, 2000; Atkinson and Janet, 2003). w2}x] AHE
o183 559] I} 7|0l Al W EHE limonene & 3
H Uio]l gop QIAIRE 4kl 7)ol 4= OH, Os, NOs2k
wheslel BEsL WA Uit Ao ey

Monoterpenes &30 w2 % A4 HEHALS o
-pinene 1189 ng/(g4w hr), B-pinene 447 ng/(gaw-hr)0] F4
E2Zo]¥th Liang et al.(2010)2 WEZH o] BVOCs =44
¥} terpene o AA|GO A 712%= 7wl Hal
Yt WEpA|FHolok= o-pinene 1420 ng/(ggwhr)o] 8 &

A110Y A435 (2021)

A2 et Matsunaga et al.(2017)2 5 L bags ©]-83
o 7HA 7S HH A AL SH3 A3 EpA|folot
9] 9 ®H= AES a-pinene, B-caryophyllene &2 H 31
ok 2 Ao A= webA|Folol= & A monoterpenes
HFESF 2o A a-pinene®] 92%ES Z}A|3}R 1 B-caryo-
phyllene-2 sesquiterpeneF WE3E0) HEE o] SAFSH
A%e ek

% oxygenated monoterpenes®] WE5F-2(Table 5) Ak
L, 7Ithauy, A2 U, ST, 2ROl
199~113 ng/(ge,hr)0]QJom 1 9] 2=Fo] A= 91-2.6 ng/
(gaw'hr) B9E Yelich 71 oxygenated monoterpene
2 Fo| A HAYE pulegone, borneol, menthol, 27|t}
AUE eucalyptol, X2 AU pulegone, S THE men-
thol, 2 nerolo] F8 AAEo = velhyith

Sesquiterpenes @] ®=E=2(Table 5) 27|tk UH7} 70 ng/
(gawhr) o2 71 w7 Yebdor] 71 S8 2& caryo-
phyllene farnesene®] F92 EZo|ch

Z oxygenated sesquiterpenes ] WEFL ThELE 167
ng/(gawhr), Gl 115 ng/(gawhr) =02 LBt on & 4
= WE FQ9 522 carypphyllene oxide %t} 1 €] 4=
o 5] 2] % oxygenated monoterpenes®] W= &= 65~0 4
ng/(gewhr) Hel2 e

Monoterpenes, oxygenated monoterpenes, sesquiterpenes,
oxygenated sesquiterpenes WEHS B 5 5l E ter-
peneX} isoprene W& AFTHAE Figrue 30 YERICH

424 BVOCs W=EA4 H| 3} terpened} isoprene<

U =2 ol sAlo WESHe 52 §l3lom, terpene
22 WE5E isoprene HE4E, BVOCs A& %0
2 FES 4= 9Jglth Isoprene 2 W& 22 307 =%
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Figure 3. Total terpene versus isoprene emission rate.

(total terpene: monoterpene + oxygenated monoterpene +
sesquiterpene + oxygenated sesquiterpene emission rate)
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Table 6. Total terpene emission rate and segmentation.

Total terpene emission rate range

(ng/(gaw-hr))
5000 < Pinus rigida

Acer pictum Thunb. var. mono (Maxim.) Maxim. ex Franch.

Species

Larix kaempferi (Lamb.) Carriere
1000 < ~ £ 5000 .
Magnolia denudata Desr.

Metasequoia glyptostroboides Hu & W.C.Cheng

Pinus koraiensis Siebold & Zucc.
500 < ~ £ 1000 Pinus densiflora Siebold & Zucc.
Acer palmatum Thunb.

Pinus parviflora Glauca Group

Abies holophylla Maxim.

Spiraea prunifolia Siebold & Zucc. f. simpliciflora Nakai
Rhododendron mucronulatum Turcz.

Acer buergerianum Miq.

Phyllostachys bambusoides Siebold & Zucc

Pyracantha angustifolia (Franch.) C.K.Schneid.

Betula schmidtii Regel

Cornus officinalis Siebold & Zucc.

Ulmus parvifolia Jacq.

Buxus koreana (Rehder & E.H. Wilson) M.Cheng ex Chung & al. (Nakai) M.Cheng
llex crenata ‘Convexa’

100 < ~ £500

Quercus variabilis Blume
Juniperus chinensis L.

Quercus serrata Thunb. ex Murray
Forsythia koreana (Rehder) Nakai
Daphniphyllum macropodum Miq.
Ginkgo biloba L.

Kerria japonica (L.) DC

100 >

Quercus acutissima Carruth.
Euonymus japonicus Thunb.

Prunus x yedoensis Matsum.

ZolA S, —g‘%]'"}—‘vj‘, AU, 3|FEo 2 Yeth Isoprene &7 A% At oA 71 =4 |
Terpene =8 W& 752 T FEFS 722 T 594 eigtom 3R, AU, s o2 UEHS
2 100 ng/(gew-hr) H]TF 10523, 100 ©]44 500 ng/(gyy-hr) H 71 9] £FoA= AH R nfe 2 whEskS UbEL
ouk 12522, 5000]4F 1,000 ng/(g,dw hr) 1|9t 342, 1,000 Wt} Monoterpenes W& 2| 7|ctA U7 71 =9k
]/ 5,000 ng/(gawhr) TTF 4523, 5,000 ng/(gaw-hr) o]/ i, ARAVHR, AR QZHE, Wi, vepA|olo}, At
1-Fom 5 T 5 %%Qtﬂ(Table 6) 550 F7tE== U, v, AU 02 e en F oxygenated

5o gk 215 vkt o Aol monoterpenes ©] W& AU, 7| ThAUE, 12
AU, SadE, 2FUE 202 YERTh Sesqui-

a4 = terpenes @] WETS 2|7|thavtRolA 7P =9kaL, &

oxygenated sesquiterpenes®| &S TR, 2 &

H Ao A E'ME} EAGo] BEFH 230 5 oz Uyt 2 A7 ANES 7|20z sto] I o
22 AATIY BERIARA(EE: 30°C, FE: 1,000 p mo TS 2ES Ao | lsoprene z=q Wz 227}
mol/m*/sec)of| A £ ?{%‘ A& o]-gsteo] 42354 isoprene 5—?7PO§ =5 terpene £8 W3 220] glo|gHo] A
9 terpeneiFo| T WEFS AU F-2o AT o Aot} B A4 AAE EAE FQ
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9 BVOCs & 542 Ul =22 g2 5=
*Jﬁi DBE 753t Aold 2 <97t %2 olet
gEo] £ A, Alu|d, SHAYPAH EA E%o]—
o EAlg 2SS A% 5 A4 7}°1CEP01% AAE
T & Zlem JdEr

4>

adAtel =
2 a7t FYNUNSY 1 e9EY A% 0T
A2o] wAY I;Ll 71553 AH A HE: FE0000-201
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