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Abstract: In this study, the isoprene and terpene emissions from 32 major urban tree species were investigated. We
conducted sampling using a dynamic enclosure system between June and July 2021. Seedlings aged < three years
were enclosed in a chamber consisting of a 400 L transparent Tedlar bag. The air flow from the outlet of the chamber
was sampled using Tenax-filled sorbent tubes under standard conditions (temperature: 30°C; PAR: 1,000 pumol/m%/sec).
A thermal desorption gas chromatography/mass spectrometry system was used to analyze the following 38 biogenic
volatile organic compounds: isoprene, monoterpenes, sesquiterpenes, oxygenated monoterpenes, and oxygenated sesquiter-
penes. Isoprene emitters included Quercus mongolica, Salix koreensis, Robinia pseudoacacia, and Salix chaenomeloides.
Monoterpene emitters included Pinus strobus, Cedrela sinensis, and Cercis chinensis. The monoterpene emission pro-
files were dominated by 4-pinene, myrcene, camphene, and limonene. The predominant oxygenated monoterpene and
oxygenated sesquiterpene were eucalyptol and caryophyllene oxide, respectively. For all species, the contributions of
sesquiterpenes and oxygenated sesquiterpenes were relatively low.
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Table 1. Summary of enclosure sampling conditions dry leaf weight, leaf surface temperature and relative humidity.

Species Dry leaf Leaf surface Relative
weight Temp. humidity
Scientific name (Korea name) (g) (°C) (%)
Abelia x grandiflora (Rovelli ex André) Rehder (237345 10.1£1.2 30.3+£0.4 52.6+1.8
Acer triflorum Kom. (£%}7]) 36.0<1.1 27.1+0.4 55.0+6.9
Aesculus turbinata Blume (& H4) 3.1+1.1 36.2+1.6 42.8+4.0
Aria alnifolia (Siebold & Zucc.) Decne. (ZHjL}5) 9.8+1.7 29.142.1 54.443.6
Betula platyphylla var. japonica (Miq.) H. Hara (R}2F5) 8.7+0.6 30.2+0.9 47.9+1.9
Camellia japonica L. (‘S9U) 20.7£1.8 32.4+0.4 50.0+1.8
Castanea crenata Siebold & Zucc. (L) 27.8+13.3 29.9+2.7 57.9£7.9
Cedrela sinensis Juss. (=45 5.5+3.2 31.243.7 49.1+1.8
Cedrus deodara (Roxb. ex D.Don) G.Don (7] Z ) 49.4+4 .4 29.5+0.7 69.4+3.3
Celtis sinensis Pers. (L) 7.7+3.8 27.9+1.6 56.6+6.6
Cercis chinensis Bunge (21El]7|4-5) 5.2£1.6 31.0+1.8 37.8+£5.7
Chamaecyparis obtusa (Siebold & Zucc.) Endl. (H49Y) 19.542.1 31.2+1.9 61.2+1.9
Chamaecyparis pisifera (Siebold & Zucc.) Endl. (3H4) 41.6+5.6 31.8+2.5 63.5+10.3
Chionanthus retusus Lindl. & Paxton (©]Z ) 4.7+0.8 30.0+1.3 45.3+5.4
Cornus kousa Biirger ex Hance (AFZL}h) 7.4+4.1 31.7£2.5 55.0+6.9
Euonymus alatus (Thunb.) Siebold (S} 23.043.0 34.1£3.0 68.9£1.0
Fraxinus rhynchophylla Hance (&3d|U4) 7.3£0.6 27.8+1.7 43.2+1.4
Hibiscus syriacus L. (-3} 7.0£1.8 30.6+£2.0 61.7+1.5
Koelreuteria paniculata Laxm. (275U 8.6+1.5 27.9+1.2 48.6+3.6
Lagerstroemia indica L. (W] 5U5) 5.6£1.2 29.0+1.7 54.8+£2.4
Ligustrum obtusifolium Siebold & Zucc. (F]EH) 8.1£2.2 30.6+1.6 46.8+3.1
Liriodendron tulipifera L. (&) 13.6+3.7 28.5+0.8 57.4+1.7
Machilus thunbergii Siebold & Zucc. (ZFHILUF) 4.3+0.2 29.1£1.5 49.4£2.0
Pinus strobus L. (~EZH AT 28.0+12.6 30.0£0.3 62.2+4.8
Pittosporum tobira (Thunb.) W.T.Aiton (=45) 30.0+10.0 30.6+0.6 46.0£1.9
Quercus mongolica Fisch. ex Ledeb. (A1 ZUH) 9.6+3.3 33.6+3.1 50.5+6.4
Robinia pseudoacacia L. (O}7FA L) 14.9+2.8 28.0+0.8 53.5+1.9
Salix chaenomeloides Kimura (¥ E) 12.6+4.2 31.0+£2.0 66.7£5.2
Salix koreensis Andersson (W =15) 9.2+6.3 26.9+0.3 50.5+£6.4
Sorbus commixta Hedl. (9}7}%) 9.1£3.8 25.5¢1.3 47.6x1.6
Styrax japonicus Siebold & Zucec. (W) 6.4+£2.5 30.6+1.2 55.7£3.9
Zelkova serrata (Thunb.) Makino (=E| %) 11.6+0.7 29.3+1.1 52.8+1.4
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Figure 1. Chamber system for BVOCs sampling.
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Table 2. List of standard compounds.

FRENLLIMRRLE & S

AN11E A43 (2022)

Group Compound Retention time (RT) Ionization mode (EI+)
Is((;grg;le Isoprene 6.43 67+68+53
a-Pinene 21.65 93+136
Camphene 22.38 93+136
Sabinene 23.04 93+136
Myrcene 23.28 69+93
B-Pinene 234 69+93
B-Phellanderene 24.24 93+136
Morzlovt[‘;“)oe“e 3-Carene 2439 136
a-Terpinene 24.59 93+121+136
Limonene 25.05 68+93
r-Terpinene 25.98 93+136
Terpinolene 26.99 93+121+136
Cymene 24.84 119+134
Ocimene 28.04 105+121+136
Camphor 29.36 81+95+108
Terpineol 30.57 59+93+136
Eucalyptol 25.28 93+139+154
Borneol 29.87 95+110+139
Menthol 30 81+138
Oxygenated Sabinene hydrate 28.46 93+121+136
Monoterpene Linalool 27.08 93+121+136
(OMD) D-Fenchone 27.28 69+81
Fenchyl alcohol 28.28 81+111+121
Isopulegol 29.17 121+136+154
Nerol 31.14 41+69+93
Pulegone 31.98 81+109+152
Geraniol 31.79 69+41
Caryophyllene 37.47 133+175
a-Cedrene 37.59 119+161
Sesq?ét%pe“e o-Humulene 38.5 80+93+147
Farnesene 39.2 69+93+161
Valencene 39.36 161+189+204
cis-Nerolidol 39.51 69+93+161
trans-Nerolidol 40.35 69+161+189
Oxygenated Caryophyllene oxide 41.92 79+93+121
Sesquiterpene
(0ST) Guaiol 42.15 161+189+204
Cedrol 43.23 95+150
a-Bisabolol 44.71 93+109+119
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Table 3. Analytical conditions of thermal desorption system for determination of BVOCs.

Items

ATD Conditions

Split ratio

10 : 1

Carrier GAS and

He (99.999%),

TDS flow Im€/min

Desorption Initial temperature 30°C (holding 3min)

temperature

program Final temperature 60°C/min, 280°C, (holding 5min)
CIS Initial temperature -30°C (holding 5min)
temperature

program Final temperature 12°C/min, 280°C, (holding Smin)

Transfer line temperature

300°C

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

Items

GC/MSD Conditions

Split ratio

Split 10:1

Detector

MS Clarus SQ8T (PerkinElmer)

Column

Elite-5MS (PerkinElmer)
(60.0m x 320p¢m X 1pm)

Carrier GAS and
Column flow

He (99.999%),
1me/min

Initial temperature
Temperature

program Heating rate

Final temperature

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

MS Source temperature

MS Quad temperature
MS Condition Mode

Ionization energy

Detection mode

230°C

150°C

EIl

70 eV

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

N
ic
g
d
i

1. Isoprene WEZF

2

=5 &= BVOCs
= 28 &3l BVOCsE
Z5h= EAo] )loH(Kim et al., 2015), &%= 2} PAR W3}
of wat g b= A o7 ® %3 QItiHarrison et al.,
2001; Xiaoshan et al., 2000).

TAGZES T2 AR AN AZE & isoprene, mo-

o
[soprene> 2 P40
A7yetA] ool vhE 3k

oX

noterpenes, oxygenated monoterpenes, sesquiterpenes, oxy-
genated sesquiterpenes & S Z 1= Table 5 Y
Bttt 3l WEFE Al (Quercus mongolica)
113,563 + 4,799 ng/(ga,hol A 714 %7 Urekey W=
LE(Salix koreensis) 91,430 + 2,338 ng/(gyy-hr), OP7FAILF
XY(Robinia pseudoacacia) 64,875 £+ 6,800 ng/(g4-hr), <4+
=(Salix chaenomeloides) 36,459 + 9,788 ng/(gqwhr) <5
2 Uegon 1 9 %52 200 ng/(geyhr) HREO 2

UElgth E3F isoprene HrETFo] w2 AR, BIEY
5, OP AL, 9159 teperene HEO FEFE 50
ng/(gawhr) BITEC 2 Wi LA Uepdth webA o 4
FEE 24T 0 5% FOIH F2 isoprene W EO
2 pRE.

o|fl Ao A= AL UF7F 7 =2 isoprene &
F2 Yeton 2 Azl Ao s SR
(Quercus serrata)®] isoprene WEFo] =2 o7 Hil
%] ¢ltH(Chang et al., 2021). wtA 12}, 223pd = A2
3 FUE 5o A BRUReL AR isoprene
F8 4ESFOR BREUTKTable 6). Aok 34
AtollAl Z78%E dAtollA= = ARl R 52l
AU, 2 USNQ. serrata), U5 Quercus aliena),
AU Quercus  acutissima), =35 Quercus vari-
abilis)®] &, o1&, 7} AAY isoprene WEFS ST
A3k SR} A1 S WERS Uehylen, 27
i AU 202 UERITHLIm et al, 2011). o]9f o]
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Table 5. Emission rate of isoprene, monoterpenes, sesquiterpenes, oxygenated monoterpenes and oxygenated sesquiterpenes for tree
species in dry weight of leaves (g4w) and standard condition (30°C, 1,000 pmol/m’/sec).

ISO is isoprene, TM is total monoterpenes, TOM is total oxygenated monoterpenes, TS is total sesquiterpenes, TOS is total oxygenated
sesquiterpenes.

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

Scientific name

ISO ™ TOM TS TOS
A. x grandiflora 64.1£10.4 59.7+39.6 8.0+7.5 N.D. 0.5+0.4
A. triflorum 80.0+69.0 49.0+45.7 1.9+1.4 N.D. 22.8+20.1
A. turbinata 13.7+£10.2 17.1£12.3 6.0+3.6 0.6+0.5 1.4+1.3
A. alnifolia 35.3+4.0 4.8+2.9 3.6+3.0 N.D. 7.5£5.9
B. platyphylla 38.7+10.9 38.2+26.7 5.5+2.4 0.2+0.1 N.D.
C. japonica. 11.1+4.5 10.9+7.8 6.5+4.2 0.6+0.5 0.5+0.4
C. crenata 28.9+14.1 4.6£1.5 5.0+4.8 N.D. 2.5+1.5
C. sinensis 72.44+27.7 155.2+52.8 38.6+20.2 0.1+0.1 0.6+0.5
C. deodara 14.2+10.0 26.2+8.7 0.3+0.2 N.D. 0.4+0.2
C. sinensis 71.4+43.5 15.0+£7.7 3.7£2.6 N.D. 0.4+0.3
C. chinensis 65.9+60.9 51.4+29.8 47.8+42.6 8.1+5.9 6.5+5.0
C. obtusa 26.8+17.4 14.6+7.1 1.3£0.6 0.2+0.1 1.7£1.6
C. pisifera 28.7+6.5 34.9+7.0 0.1+0.0 N.D. 1.4£1.1
C. retusus 159.6+158.5 22.3+12.3 6.4+5.0 1.8£1.5 7.8+6.1
C. kousa 65.4+40.7 50.1£39.6 1.8+1.4 N.D. 3.742.5
E. alatus 19.9+7.0 3.8+0.4 0.5+0.3 N.D. 0.1£0.1
F. rhynchophylla 22.9420.1 36.3+15.5 31.1+9.1 0.2+0.1 18.5+£3.9
H. syriacus 43.9+26.1 22.1+10.7 12.949.9 4.1+£2.8 2.5+1.9
K. paniculata 5.8+4.9 51.7441.2 2.1+1.4 N.D. 5.0£4.2
L. indica 15.9+8.0 37.0+£31.7 4.1£2.8 N.D. 0.3+0.2
L. obtusifolium 83.0+£35.3 20.2+19.8 8.2+7.9 2.3+2.1 2.5+1.4
L. tulipifera 126.3£112.7 43.5£27.9 28.0+12.5 N.D. 7.4+7.0
M. thunbergii 26.0+4.8 25.6+£16.4 28.1+10.1 N.D. 1.2+1.0
P. strobus 3.9+3.4 7,520+1,987 55.5+£10.9 N.D. 72.7£10.6
P. tobira 12.4+2.2 6.5+2.2 1.8+1.4 N.D. 0.1£0.1
Q. mongolica 113,562+4,799 41.3£12.4 0.9+0.7 0.2+0.1 4.3+4.0
R. pseudoacacia 64,875+6,800 14.9+7.1 32.8+21.0 N.D. N.D.
S. chaenomeloides 36,459+9,788 7.8£3.9 10.3£7.2 0.7+0.2 1.120.1
S. koreensis 91,430+2,338 7.7+£6.7 0.6+0.4 N.D. 7.2+6.9
S. commixta 47.9+41.2 33.5+23.9 18.7+17.9 N.D. 3.6x3.4
S. japonicus 6.3£5.3 4.242.5 25.34£22.6 N.D. 1.9+1.7
Z. serrata 38.4+7.8 18.9+12.7 5.0£3.4 N.D. 1.5£1.0

Table 6. Isoprene emission rate and segmentation.

Isoprene Species
emission rate range
(ng/(g4w-hr)) 1™ year research results 2" year research results
100,000 < Quercus mongolica Fisch. ex Ledeb.

Salix koreensis Andersson
50,000 < ~ < 100,000 . .
Robinia pseudoacacia L.

10,000 < ~ < 50,000 Phyllostachys bambusoides Siebold & Zucc. Salix chaenomeloides Kimura
Quercus serrata Thunb. ex Murray

5,000 < ~ < 10,000 . .
Daphniphyllum macropodum Miq.

1,000 < ~ < 5,000 Buxus koreana Nakai ex Chung & al.
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SH7 8 isoprene WEH ¢=FO 2 W Akl FA
3t 43S UEtHGeron and Harley, 2001).

o]e} o] isoprene®] WrEEFo| =2 AU, HEL
i, AU, Sl =
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Hh=aFo] 2319l total terpene] HEFo| 15.0~48.0 ng/
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Figure 2. Terpene emission rate from Pinus strobus.
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Figure 3. Total terpene versus isoprene emission
rate of 1% and 2™ year results.

(total terpene: monoterpene + oxygenated monoterpene +
sesquiterpene + oxygenated sesquiterpene emission rate)
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A=)t wWEtA] terpene W& 4%, isoprene W& %,
BVOCs Aul& =503 LE3SE 4= QIit} Isoprene 8
WE 752 12 307 75 FolAle S, S =4
U, 3ok, 221 327 5 Follkie AU, ey
5, oML, SIS Ut Tepene 79 1% 4
%o 5 PEFS |FOR F SHAR 100 ngllgnh) o
3} 3922, 100 27} 500 ng/(gay-hr) O3} 144232, 500 %
7} 1,000 ng/(gawhr) oJs} BALHE, AU, HAUS 353,
1,000 %3} 5,000 ng/(gaw-hr) o]} 1124, YR JZE,
=, wEpA flo]of 4, 5,000 ng/(gaw-hr) 23} 2]7]

SRR, AERHANIT 24502 7R F 4 A%

isoprene WEFo| HFE Fo Fo] VP we Flog B (Table 7).
Table 7. Total terpene emission rate and segmentation.
Total terpene Species

emission rate range

(ng/(ggwhr)) 1* year research results

2" year research results

5,000 < Pinus rigida Mill.

Pinus strobus L.

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

ex Franch.
1,000 < ~ < 5,000 Larix kaempferi (Lamb.) Carriére

Magnolia denudata Desr.

Metasequoia glyptostroboides Hu & W.C.Cheng

Pinus koraiensis Siebold & Zucc.
Pinus densiflora Siebold & Zucc.

Acer palmatum Thunb.

500 < ~ =< 1,000

Pinus parviflora Glauca Group
Abies holophylla Maxim.

Cedrela sinensis Juss.

Cercis chinensis Bunge

Spiraea prunifolia Siebold & Zucc. f. simpliciflora Nakai

Rhododendron mucronulatum Turcz.

Acer buergerianum Miq.

Phyllostachys bambusoides Siebold & Zucc.
Pyracantha angustifolia (Franch.) C.K.Schneid.

100 < ~ < 500

Betula schmidtii Regel
Cornus officinalis Siebold & Zucc.
Ulmus parvifolia Jacq.

Buxus koreana Nakai ex Chung & al.

llex crenata ‘Convexa’

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.

Fraxinus rhynchophylla Hance

Liriodendron tulipifera L.

Acer triflorum Kom.

Abelia x grandiflora (Rovelli ex André) Rehder
Koelreuteria paniculata Laxm.

Sorbus commixta Hedl.

Cornus kousa Biirger ex Hance

Machilus thunbergii Siebold & Zucc.

Robinia pseudoacacia L.

other 20 species
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Table 8. Terpene emission rate of Pinus rigida Mill. and Pinus strobus L.
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Pinus rigida Mill.

Pinus strobus L.

Group Compound (ng/(gay hr) (ngf(gan-hn)
o-Pinene 4,014.5+1,549.6 5,089.1+1,218.7
Camphene 98.7+86.0 157.4+136.1
Sabinene 13.54£5.0 29.5+13.1
Myrcene 2,726.1+1,212.7 2,096.4+597.5
B-Pinene 857.1£1,465.1 N.D.
-Phellanderene 5.1+£2.3 3.1+1.4
MOI}KZ"T?G“" 3-Carene 30.4445.1 1.140.1
a-Terpinene 1.6+0.8 0.1+0.2
Limonene 739.3+1,249.7 112.2+11.3
r-Terpinene 2.6+0.8 0.8+0.3
Terpinolene 3.743.3 3.842.1
Cymene 0.0+0.0 0.0+0.0
Ocimene 9.4+3.8 30.5+5.1
Camphor 9.4+59 N.D.
Terpineol 17.1+£10.3 1.6+0.2
Eucalyptol 1.0+£10.4 34.7+12.5
Borneol 1.4+1.4 N.D.
Menthol N.D. N.D.
Oxygenated Sabinene hydrate N.D. 5.6+5.7
Monoterpene Linalool 9.5+9.0 N.D.
(OMT) D-Fenchone 2.448.1 0.7£1.0
Fenchyl alcohol 1.3£1.5 N.D.
Isopulegol N.D. N.D.
Nerol 5.5£12.5 2.3+0.5
Pulegone 20.3+£57.5 16.3+1.4
Geraniol 0.4+0.2 N.D.
Caryophyllene 30.9+31.3 21.2+45.0
) o-Cedrene 6.4+8.5 N.D.
Sesqtlét;;p ene o-Humulene 7.1£7.2 N.D.
Farnesene 12.0+20.1 1.5+2.1
Valencene N.D. N.D.
cis-Nerolidol 7.1+£7.3 0.1+0.2
trans-Nerolidol 0.5£6.3 0.2+0.2
Oxygenated Caryophyllene oxide N.D. 67.9+17.8
Sesquiterpene .
(OST) Guaiol 0.0+0.1 N.D.
Cedrol 0.4+0.2 0.3+0.4
a-Bisabolol N.D. 7.443.5

27E VY 28 HESS el el Aupre) sy
A9 terpene 7HEZ O] HETFE UERYTE Monoter-
peneFol| A= FE52 02 a-pinene, myrcene, limonene =
o7 WETFo] AN Bpinene®] 7F-9-ol= 27t &t

= pulegone, terpineol, linalool, camphor <=© 2 H}&TFo]
=9ton AEZH ZRfEo| A= eucalyptol, pulegone, sa-

binene hydrate”} =8 =22 UEFGT] SesquiterpeneFo]|
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