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A Review on Characteristics of Biogenic Volatile Organic
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Abstract Volatile organic compounds (VOCs) produce atmospheric ozone (O3), an air pollutant that causes climate
change through photochemical reactions with nitrogen oxides. VOCs are divided into biogenic VOCs (BVOCs) and
anthropogenic VOCs (AVOCs), global BVOCs emissions are estimated to be about 1007 Tg yr". It is reported that emission
rates of BVOCs are depended on the tree species, environmental factors (temperature, photosynthetically active radiation),
seasons, regions, tree age, etc. In this study, we reviewed the emission characteristics of BVOCs according to species and
environmental factors. In addition, sampling and analysis methods for measuring BVOC emitted from trees were introduced.
As a result, it was confirmed that the emission rates of BVOCs from trees was considerably different depending on environ-
mental factors and species. Therefore, in order to accurately estimate and manage the emission of air pollutants such as
ozone, studies on the effects of these factors on BVOCs should be continuously conducted.
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LAY & 9 (332]), 20194 (60°)) 2 S7Fok= AL R e
QF Al digt eelrr A5 Wagh Aol

SEAdR7183HE (volatile organic compounds: o|9} Zro] 7] ZoA TslshitshreS Ed)o

VOCs) 7] % A2AVSHE (NOYTF Bfshatahit 028 AAels vocst 27 1914 949715}

o2 5ol AF2det =AY 2F(0)2 A4 &= (anthropogenic volatile organic compounds,

2t} (Fehsenfeld et al., 1992). ATt @2 AvOCs)T} AHdA $dA-67|515H= (biogenic vola-
H Y 7] § 2 = iy ASotal glor, tile organic compounds, BVOCs) 2 &% 11, FAX]F
A&o] 5 19899 HE] 201997H2] @F T & BVOCs HlEHS theF 1007 Tg yr '8 F4Hch
3l F7FRF 20 & UERRTH(NIER, 2019). ©19J9%  (Guenther et al., 2012). Q5 A Aito] T2H A&
NOy HiE&o] W2 =Wl HIEAE9 2F §=7 R oA Hj&EE BVOCs % HEHRF7F AVOCs U 2] F
TSI AL, = A% oF FOE WY A5 BN o JEdt 0F AAY ACE By
7} 2000 (172), 2005 (19%), 2010 (25%]), 2015 T} (Dimitriades, 1981). £3], ¢-ajuteb= AA] AFg
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HAo] ¢F 6,335 Hha® & HEHA thH] ¢F 63.2%E
AP35, OECD o= & 4Fd& 49124 BVOCs
HiEgo] Ba Zor oifEa 1 e BekS nhd
St Zo] S 710 2 WebETH(KES, 2015).

BVOCs+= 1960'd Went (1960)°1 oJaf A-50= of
7] gfsto] e mAE 4 Utk HAEgloH,
197030 vzl A QEHIEAA o]F 2AZ R
BVOCse] thet A47F F=517] A2 3Th (Dimitria-
des, 1981). BVOCs®| FF+ Yutd o= o|4mdl
(isoprene, CsHg), Z1-E| 23 (monoterpene, C;oHjs),
A AFEH 23 (sesquiterpenes, CsHy), 71EF FH-54
VOC:s (other reactive VOCs, ORVOC:s, CXHYOZ), 7€}k
VOCs (other VOCs, OVOCs) ¥} Zro] & thAl 7k 2
T2 4= o} (Steiner et al., 2002; Kesselmeier and
Staudt, 1999). ©] & olAXZ v} HL-HZHOoZ of
EEE H 23 0] (terpenoid)= A BVOCs Hi
= T °F 64%E AA]5kH AVOCse] Hlsl OH
Sz o weA dhgstel @ Aol & 71995
ste 22478 ZFHEE L QIth (Guenther et al., 2012;
Dimitriades, 1981).

oleig HEMiolst A8 kg A 71
= &5t 3t E7]0 FAHI AE Fof webA
&= A X17531'%1’4'(Pichersky and Gershenzon,
2002). ] o, H2H o] =} HlEH = £ S
&5, 50 fohd] B4, 8ol o 9 bl
95| A= th(Pefiuelas and Staudt, 2010). |23t E
3L A=0] Foll et 2 H7] fwol +F0l T8
g BVOCsO] HIEFFIAUS & & Qirt. ]9} ¢
£0] BVOCs Hl &0l FS vlAl= Fa3t 2 aql
S 2= 2L, F83%J% (photosynthetically active
radiation, PAR) ¥ A& E S50] th(Préndez et
al., 2014). W2kA BVOCs®| HiEE4S ohefstr] ¢
sto] = uiof] AAE o] Qe U] FRet 72 o7
A7t wE HEEEE Bl e B R/do] At ol
Al & T =Ul T2 +F=
Azl g HiE 5 4Aste] sttt ES
olAn vt Hi-H| =M F2 52 BVOCs?| A4
A W A, ARAR D A, ESE

2. BVOCs

2.1 olA=dl

A BVOCs Hi&E9] oF 49%& AFA|oh= 0|4
12 Bl 2 H o] =7 A H= AL Aol A HholH|
& o 2214k (dimethylallyl pyrophosphate,
DMAPP) 2] 1 22314t (pyrophosphate)©] A| A =] o] A
AEH ol AFEA g1 R4S Tl v viE
H T} (Guenther et al., 2012; Harley et al., 1999;
McGarvey and Croteau, 1995). ©] ZFgoJA] o] A#
24847t olamllog o] Agky £xsh=t|, o]
FA0] B2 olAxdl iEe] gt 25 o, A
% A= A2 HIET(Harley
et al., 1999). o|2{gt o]AZA L ofj7] F 2 el
Zxofl H]sj| OH 2t Zate] jh-g&w7} wha 7] wizof
FiA R W FrolAE A HAQl FReHl-gof
P AL AaeqtelE Tt w2 A9l =
T59] 2FS A3} (Geron et al., 2001; Wil-
liams et al., 1997). Attt =W E=4A A HoA vi&
5= A BVOCs % o] AXdo] @& AJAof| ulz)=

IS oF 8o AA|5}= A0 Z HIET Qo] o

rlo

zaz exsl yel A7)zt 71 AuEe glol
(Geron et al., 2001; Guenther ef al., 1993), ©]2]ol| &
A= T, ey Eo] 9 AEo] 71 23 dY¥a
of mE 2EH AT} olandl HiEFe] 4T F=
Aog 4HA U} (Kesselmeier and Staudt, 1999;
Monson et al., 1995; Sharkey and Loreto, 1993).

2.2 R-H|=H

22 Al2hd o] =214t (geranyl pyrophos-
phate, GPP) ¥} o] AHlE|d 1] 214} (isopentenyl pyr-
ophosphate, IPP)0] A%}t AJJHTH (McGarvey

Sh=i7 | gstE|X| 37 B M 5 &



and Croteau, 1995). O]= ZASEEZEHE AE9|
A Wrofstr] fiste] A& Au] A3 (epithelial
cells)o| A A=W o] AT} G| tj7] Fo2 Z
A HiEEA] 41 Yol AE T (McGarvey and
Croteau, 1995; Monson et al., 1995; Seufert et al.,
1995). A H R 2ZH-2 2] (resin duct) 2} 2
= 1 H] 7|3l A=, 2] W o] o dld @ do
FAAESZ AdHA Stk (Loreto et al., 2000; Kessel-
meier and Staudt, 1999; Bernard-Degan, 1988).
Wi H| 282 28] 7| o] Biehae5 vlEEo]
Z¥ot=tl AFeF] B¢ Ao 22 24
H 7|32 7HA AL glo] Eda-Fol vl EiE=
HjEo] o] W2 Zog BT Itk (McGarvey
and Croteau, 1995; Lewinsohn et al., 1991). A&l A
7] o= HiEs s R H 20 FRe oF 355
A2 A Q2™ Zimmerman (1979)-2 Al
&g whet Al 712 1502 B HEHg B
St} (Guenther et al., 1994; Isidorov et al., 1985). _1
% 71 wol jz
rene, 3-Pinene, Camphene, 1,8-Cineole, d-Limonene,
A’-Carene, Myrcene, Sabinene & 9&°]2t1 R1E
A TH Guenther et al., 1994; Zimmerman, 1979).
g viEe] g2 A= 2ddegEs 9
o] 25, JHisk, 49 &, 2o A7), e A
A, & ~EHS, Ao ONHE 0] = Aer B
=Tk (Monson et al., 1995; Lerdau et al., 1994; Gue-
nther et al., 1993; Gershenzon, 1984). SIA|9 L&
ALt Y 2] 12= wlu]Rt AEAE Holal ¢l
o] 2o o3t HirHZH HiE5A A7 F& o]

So}|11 gl AAoltt.

M e oN

£ 42 a-Pinene, p-Phelland-

3. ojq jEEl= BVOCs9 HiE& %

L
=
3wy

i 4

S2ol 4 WiEEE BVOCse] MiE4ES A3
7] S5kl heyRt B E o] ALgE T 9k ol

ZJSh= vegetation enclosure techniques (VET), 2)
W7 P ol gato] Arelat e B4 WA
2 gAto 2 HlEEZYAE =A5I= micrometeoro-
logical techniques (MMT), 3) AF 2| HA £E&}
Z(SFgy= HlEota 93l 5ot S22 0 &
B FASt ©®3lpAa FEE F4SHE atmo-
spheric tracer techniques (ATT)7} tHEXH o ZE A7
Z t}(Lamb et al., 1987; Allwine et al., 1985; Zim-
merman, 1979). AYA {FHO| HIHO 2= Auty o
2 gas exchange chamber (GEC)7} o851 Q)
(Tingey et al., 1979).
FEH HIEEAS efslr] eiAe f19 v
WHE 5 VET HAo] 7P A sttt suioll A

= =2]9] semi-static enclosures (Zimmerman, 1979)

roro

<} dynamic flow-throw chamber (Winer et al., 1983)
o] & HAS Kim (2001a)2] dynamic flow-
through FH A|AH]o] =2 ARGE QI S A~
g2 A2 vl-go] A olm, e Hre 5571,
A BE, W 55 AR5k Yot =2 et e Qi
AmEdS Faslke 4 Qs S0l ol Sl ot
4=0] A28 Aol A ARE= AT (Kim et al., 2020; Son
et al., 2015, 2012, 2006; Lim et al., 2011; Lim et al.,
2008; Kim et al., 2007a, b).

o]ejol & 2Lt -FaFt g2 At vz
7} BVOCGs Hl&& o] nA= F3= AFsh] Sl
static enclosure chamber”} 1Tt (Kim et al., 2005). ]
WL dynamic flow-thorw HH e} of-¢- AR}
2|9t T8l (cuvette)= ©]-8517] wEol| 719 55
o] Aolu], Lo 748 Aaarhs 2ol EE 7}
T Qe AH ANE AR B9 olusIEA
4

AN
757 5= QLEH L T sl g T

[¢]

o= thal BAlElo] 9] 91t (Csiky and Seufert,
1999), = ol Al =5 A Aitof] m=H & A
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2w 71 viESE AT A= 0.8882

4. BVOCs =% A3

4.1 BVOCsQ| HIESE

BVOCs9] Hj&< T (Emission rates, ER)x= T A]
7t ©9] 5% (gram dry weight, gdw) 3 BlE &&=
EF4 0] 9F (ugC gdw ! h') 22 YeRfB BVOCs2]
WS vlwsts 7R Belz A4S0, RS A
A 7 AMEY B, 4o AFFE o835t 4 (1)
o] Fgteh. ol AFHE AEHF7 '
o] Q2 60°C o4pe] LrelA s AT F
o] FAIE ojm|gttt.

:,_]‘

ER (ugC gdw'1 h™!) =total flow rate (L h™)
X sample concentration (ugC L™)

~ total dry weight of leaves (gdw) (1

~

S5 MEEAS Il Sl FAT 3
ZgolA 9] HiE& =7t Hasit uhehA BVOCs AHE
Bds o 2 B JAE Aedord 25
sTolA o &
H &4 (Standard emission rates, ERs) & AF&S
At 4FE BEOl FRE= GI1, G93, T400, T800,
BEIS (Biogenic Emissions Inventory System), EES,
ESS, L87, HR 5} o] vl thefstr] wjie]
BVOCs?] &, Al FH HA, 25, PAR, A7H} 2
< 27 89S sl Rdlg A4gshs Zo] At
SIt} (Guenther et al., 1993, 1991; Pierce and Wal-
druff, 1991; Chameides et al., 1988; Lamb et al., 1987;
Evans et al., 1985; Tingey et al., 1981).

olAxde] HiEEEE 25 Yol tigh Guen-
ther et al. (1993)9] Ao 2 Yeld 4= it A 2)=
olxZo HiEHEE BE HIEET] U BHAA
T Gt 2% HAAGS] CrE Fsto] UEhdth
olRt HAAS C ¥ Cre 44 A 3% A (WE
Foto] ALt o Stk A 3)2 H HAA] A=

rlol

30°Cet F- a4 Ed%F 1000 umol m™

—i> HN

A0 2 a= A4 0.0027, L2 FEF I (umol m ™2

s, C2 1000 PARY we] C gkl AF= 1.066°]T}.
A () 25 BAPAF] AEA 072 RE o 7]A|
AF4=01 8314 (J K ' mol ™), T= 24 L5 (K), T2}

Ty ZV2ZF 303K, 314K0|™ Cpy, Crpe= AEASTE
Z}+7} 95,000 (J mol™), 230,000 (J mol™!) o]t}
ER=ERsx(C, - Cy) )
a CLI L
A+l 3)
Cry(T-Ts)
exp————
RTT
Cr= (4)
Cro(T-Tyw)
1+exp

Hi-H2H o] iE&EE 25of o3 FgFo] uf
< A[EjAo]7] wizell o]z} ge] W Aefjt
2ol digt Ao g yehdlch 2
(1980)°] At AFEA © & In (ER)> R E| = H 9]
Hj&4& T 9] Z}Oﬂil Zk( gC gdw ' h™), a8t be A
T, TeE 25 (CO)°th B &5 0] 739 o 4]
9] 2&kof 30°CE HiYd 0}04 LeRd 4= Sl Guen-
ther et al. (1993)°] At 4] (6) 2 LJERE &= Q)
o} o714 p= 2k RIFE Al (KHE A (5)0flA
ol byt FLshH T Ts= 42 SAH 2%

2] (5)+ Tingey et al.

(K)oF B3 o] 2= (K)ol
In (ER)=a+b (T) (5)
ER = ERs X exp{p (T-Ts)} (6)
4.2 BVOCs2| H%;?%é*.a

A HHgHL BH%E‘:% diA e s Hwsh=d]
& 4 AT, A oA HiE s Sekeas bl
Zo| A vlusts fEe Agsa) o

(Kim, 2001b). wehA] Lp7oflA] HjE 5= BVOCs®]
;Gtﬂxqo] uH%al:& u]-rs].ﬂ _ﬂgﬂ HH —"\—EQ} oﬂ/\ﬂ

AFS o]-goto] HiEEH A (Emission flux, EF)&

=71 stEX| M 37 M55
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Azl 7o) Hha ey,

EFe EX] AAY U520 g@alpa viE (ugC
m?h™) ez yehli, 4 (7)7 Zol, A Tt =
F &4t YA (foliar biomass density, FBD)
o] 2o 2 vehditt. FBD] 735 4 (8)¥F Zo] SLW
(specific leaf weight) 2} LAI (leaf area index) 2] 5502

HEE

EF (ugC m™h™') =ERs (ugC gdw 'h™)
X FBD (gdw m™ area) 7)

FBD (gdw m 2 area) = SLW (gdw m™> leaf)
x LAI (m? leaf m™2 area) (8)

SLWE 7] $lsllA1= SLA (specific leaf area)E ©]

LAz se siwe ek o Melet
WA S Aol )
e el ¢

>~

F i
ol
o
k)
<
rr
n1
Zi
rg
)
=
)
=
jint
™ g
2
i

Ho% Ash A 27t 2] G
(m?)°]w DWT-@r DW= 242t
“awa un Fwels o1 A2 32
A 3171 10 1 (03 1508 16 3
=9 Zo](m), n2 Od“'\—(fasacle)‘;P HH59]
N4, v HEe] 21 (myolch. 1R A1 7155
2 AT AR A ()2 s, D U
o] 7K 01215 (m), HE T2 U] 30| (m), ASH
his TRASE hol A9 ARIRAGOlT, s =
20} PlE AR AHE Fufeld S0E T
oA A5-= Tt (Son et al., 2015; Lim ef al., 2011;
Lim et al., 2008).

o &

ol
& o
>~I‘E_1

olN

majgrinémlogimlmrﬂé_m
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ot

lo

E

E

filo
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AT=AS><(DWT) 9)
DW;

i vn
As=2Lx(l+;)></% (10)
logDWg=h X logD*H +logA (11)

5. Y %9 BVOCs H|E5%

5.1 I A7 =3

=UollA +8H $Fd BVOCs HiEE54 A1+
AA7HA & 115, DT 98, BT 150
tisto] A7 3= o] ghet. & 12 SufollA A
7 P H +FE0 S50 8 +Fo AAHHAS
el Ao, o] F AW A At Qe F2
st 2ol AR T8 FFolth (KFS, 2020). A7F
THE T8 FFOoRE U= FUHEF (Quer-
cus), HG4= HH (C. obtusa), HH5 (L. leptolepis),
AUE (P. densiflora), ZFLFF- (P. koraiensis), 2 7]tF4
L (P. rigida), &< (P. thunbergii)©| ©]o] slg$tet.
535 e AUFF (15.39%)9F 24579t &
(24.67%) 2] AtEgo] m$ =& Ao et dg
9] Q77 Be] A Ao Holu olsh wh
Uz F8 ¢Fo=2 FREHAT A37F #3= 2] ¢
2 £FofE WHE (C. crenata), OF7FA LS (R.
pseudoacacia), AU (B. platyphylla) 5©] Sltt.

o]0l ZZt AAstal Qe AFHHAL 1.22%,
0.34%, 0.35% 2 &2 H&S UrEHHZl% A, A
g Ul BVOCs SIHIED] 155 floiMe &%
S ol thgt A7} 735354010]: S AOR AR
Fr

5.2 22} Redshder
HE2do|C wjEof 7 & dF a0z 4y
7 2rot FaFdEl 2 viE&x o] o
S AR Al Ay 200 WA B9 A|&How
s

olxmA] A A (20 ¥, 2E B

o 2 HSEM

B 210l HIA RS
2 wjokg 4 glom, EiEﬂEnM
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Table 1. Domestic research tree species and forest area by species.

Leaf shape Subsection Tree species Forest area (%)
Broad-leaved trees Carpinus Carpinus laxiflora -
Platanus Platanus orientalis -
Prunus Prunus serrulata -
Quercus Quercus acutissima 15.39%
Quercus aliena
Quercus crispula
Quercus mongolica
Quercus serrata
Quercus variabilis
Styrax Styrax japonicus -
Zelkova Zelkova serrata -
Coniferous trees Abies Abies holophylla B
Abies koreana -
Chamaecyparis Chamaecyparis obtusa 0.83%
Cryptomeria Cryptomeria japonica
Larix Larix leptolepis 4.31%
Pinus Pinus densiflora 24.67%
Pinus thunbergii
Pinus rigida 4.09%
Pinus koraiensis 2.70%
Ginkgo trees Ginkgo Ginkgo biloba -

(Guenther et al., 1993). W2HA] BVOCs BIEEA I+
o] ¢ WiEH =} 7t HAA S 7o) AiAsE Y
e o 24 tiid Fol 21zt oo drh o
T TEAE GRS 4 Utk A Ao|A 4HE
o 252 & 29 30 AAISHAH.

B 2= FUolA 3 € ‘EZF
SELet AR} 1 Al 4

"]’E}ﬁ Zoltt, 25 (Q. variabilis, R*=0.

0.38)5 AlLJF BE FFOIA F& ZWE Hola
O“zit‘r l% THUTE AR 5F52 259 #

o] Z7}of we} o|Amd Q] HjEE LT}
AL ottt U (Q. acutissi-

drit =
ma) 9] 73 Al Ao ofsl A7t = =t
ArEuRe] A9 Hlud e AT (R7=0.95)
S Bolom e )ie] e vl S A
3& Holal Ith(R*=0.4-0.44, R*=0.44). ] 3%
S5 A7) #polet S o] Apo] (AFImet
/EIm)ol T EA| 2 HS et 7] §-of Ao = <l
sto] Aot AxkE vEhd AoR wekdE o=

Table 2. Comparison of isoprene correlation coefficient
(ERs vs Environmental correction factor).

R2
Trees R Ref.
ERsvs C, -Cy

Carpinus laxiflora 0.82 Kim and Lee (2012)
Quercus acutissima” 0.95 Kim and Lee (2012)
Quercus acutissima? 0.44%,0.79% Kim et al. (2004a)
Quercus acutissima® 0.4~0.44 Limetal.(2011)
Quercus aliena 0.61~0.81 Lim etal.(2011)
Quercus crispula 0.72 Kim and Lee (2012)
Quercus mongolica 0.59~0.84 Limetal.(2011)
Quercus serrata 0.95 Kim and Lee (2012)
Quercus serrata 0.93 Kim et al. (2004a)
Quercus serrata 0.8~0.91 Limetal.(2011)
Quercus variabilis 0.35~0.38 Limetal.(2011)

Styrax japonicus 0.86 Kim and Lee (2012)

Kim and Lee (2012)

IKim et al. (2004a)

ILim etal. (2011)

“Sampling site : Gumsung mountain
SSampling with cuvette test
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Table 3. Comparison of monoterpene correlation coefficient (ERs vs Temperature) and B-value.

R? -value
Trees ERs vs Temp. B(K'1) Ref.
Abies koreana 0.863 0.0954 Kim and Lee (2010)
Chamaecyparis obtusa 0.8786 0.0649 Kim and Lee (2010)
Cryptomeria japonica 0.771 0.1067 Kim and Lee (2010)
Larix leptolepis 0.161 0.085 Kim et al.(2007b)
Pinus densiflora 0.7793 0.0629 Kim and Lee (2010)
0.637~0.642 0.138~0.190 Kim et al. (2004b)
0.06~0.803 0.047~0.179 Lim et al.(2008)
Pinus koraiensis 0.035~0.786 0.079~0.263 Sonetal.(2015)
Pinus rigida 0.330~0.367 0.042~0.062 Kim et al. (2004b)
0.078~0.368 0.033~0.079 Son et al.(2015)
Pinus thunbergii 0.826 0.0951 Kim and Lee (2010)

o] AL A (R2=0.95, R”*=0.93, R2=0.8-0.91)2]
ato|7y 22] e Ao UERTt ojet e A
ATNES 56 £ o, 24UTE 2rot fade

upebA ARy 7 ohagRt
EE4S F7t= dFdlor &€ "Wasdol A
Helch

32 Felq S8 Ad4o] wicrz b
SHEC} 2L 0k0] WA, 18 pRtE UERd
t} A1 (6)2 119FSF Guenther ef al. (1993)2 A+
Z9] 75%°1 4] pgko] 0.09+0.025 K '] HEE LEL
dicka stgom, Fe] A75E F AR (A.
koreana, 0.0954 K™'), ™4 (C. obtusa, 0.0649 K), A
L}E (C. japonica, 0.1067 K™), Y4 (L. leptolepis,
0.085K™)), X AL} (P, densiflora, 0.138-0.190

K™%} F< (P. thunbergii, 0.0951 K™) 3} Zro] T+

o] FollA A7 A7) et dAJsh= Ae E?&
k. 25 (P. koraiensis) & pALC] 0.079-0.263 K'2

£ 7550l vl patel 2 ALz YEten o]

55 ol9je] o] e P Ao Ay
3 <l
_‘1

= AU o Fel vl 2k Wit A
= & 5 ek Y7 AUR (P rigida) = 7 ATE
off s 2AMEGon] & po] He7t HISR £EL

2 STH(B =0.042-0.062, = 0.033-0.079). ©]&= TH2
$Z0] "5l pgto] Zol 2o gt v T}t Ae

Ao Ande auhre] 2 kel Wk 47
Ao we AR Aolgt Aoz eyl
(B=0.0629, p=0.138-0.190, $ =0.047-0.179), °]+=

27 a7} ARE, AARE, BAEE, FHEES
nE 2 54 A7]e] w714 8 Jjold] o
F Aoz Holh

5.3 ZIEo E HESY

=] 3¢ Aol wtet ¢ 1
71524 5/4& Hola qlo] AFE HiEEA
Al Hgstal ApdEstd w7t W asit & 4=
oA wFH AF-Fo ALE Eﬂéﬁ‘ﬂiolE—J Hf
SHEE BT Qo 7 vauy, s, 2
0] A9 Eoll 7P 52 WIEEEE BAN, A
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Table 4. Seasonal BVOCs emission rate from coniferous trees.

ER(ugCgdw™' h™")
Trees Season Ref.
Monoterpene Isoprene

Pinus rigida Spring 1.198+0.713 - Son etal.(2015)
Summer 0.630+0.264 -
Fall 0.675+0.266 -
Winter 0.073+0.035 -

Pinus koraiensis Spring 0.835+1.081 -
Summer 0.220+0.101 -
Fall 0.117+0.131 -
Winter 0.025+0.035 -

Pinus densiflora” Spring 1.208 - Lim et al. (2008)
Summer 1.704 -
Fall 1172 -
Winter 1.052 -

Pinus densiflora? Spring 1.612 -
Summer 1.310 -
Fall 1.139 -
Winter 0.817 -

Larix leptolepis Spring 0.457 0.085 Kim et al.(2007b)
Summer 0.464 0.141
Fall 0.622 0.065

NSampling site : Gumsung mountains
2Sampling site : Worak mountains

FoNA AAgol 7P =2
I o R, AZUE (Q. mongolica)E &
o] 7V &1, 2+ 7 7HY =4 v
Wk dREA o 8 o 5o 7MY 2 HlEEEE Kol
+ °]f= PAR ¥ 2&7} Eof A& %ol 7 &
A7) wioletal B Ea glok F816HA] gl 7t
w2 UEEEE Hole SR He- B 5
Qb A1=0] ofe} ol A7 27T A ol A] o] 4l Bl
Zo] Folx]7] mige] Eol 7P =2 viESEE B
A Ao A ASEI Ot (Lim et al., 2011; Hakola et
al, 1998) 5 AT ST Alolof| e A2 o2 &
ol S Aot A2 e e8]
2

4 o IE HEEY
K

71t4 oo 2w 4=gjo] BVOCs Hi&et &

oI5t zfol7} Q= Ao g HUET QIth(Kim ef al,
2005; Nunes and Pio, 2001). Ul A= 47} 0]
o] 5ol I B HE——’TEE H| w3t A 24
WF HAEQEH(IE 1), E4e50 Adure 2
FUHF(Q aliena)= 25 o9 31 TEolA H &2 o
And HiEEEE Hol1l 9lon, ol ofd LRe]
Agesol o @] wiZoletal Bars 1 Qlrk
(Son et al., 2015). ERF =7¢] AV} mh=H
%9 FZUEA (E. globulus) EJF o] FLF-0] HY
E407 9 B iEEE 202 YERGTH (Nunes
and Pio, 2001). °|¢} &2 JFFFY 27 et
oF 2= o] O3t HiEEA o] AR thEA
ERTh @7tk a7 o] A9 ofd URolAd H &2
HIEEEE IS 4= QY AvF+= & UF 25
o] =2 U9 HH E5L7tH 2 202 UE
Wk ol U9 =5ofl et BVOCs 9] HiEE/d 0]
o] weh ATt o7t Qg AAFeR,
BVOCs?| Hi&& 4H Foll QlofAf o]t 48
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Table 5. Seasonal BVOCs emission rate from broad-leaved trees.

oM HIEElE XA 22 R7(sEE HHESY 0 F
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ER (ugCgdw™ h™")

Trees Season Ref.
Monoterpene Isoprene

Quercus serrata” Spring - 1305 Limetal.(2011)
Summer - 101.4
Fall - 1014

Quercus serrata? Spring 0.21 64.0 Kim and Lee (2012)
Summer 0.19 79.5
Fall 0.16 60.05

Quercus acutissima Spring - 0.038 Limetal.(2011)
Summer - 0.062
Fall - 0.048

Quercus acutissima Spring 0.23 1.35 Kim and Lee (2012)
Summer 0.24 1.71
Fall 0.19 0.88

Quercus crispula Spring 0.24 13.64 Kim and Lee (2012)
Summer 0.36 15.18
Fall 0.23 11.99

Quercus aliena Spring - 63.8 Limetal.(2011)
Summer - 78.8
Fall - 9.83

Quercus mongolica Spring - 64.4 Limetal.(2011)
Summer - 58.1
Fall - 7.06

Quercus variabilis Summer - 0.035 Limetal.(2011)
Fall - 0.092

Capinus laxiflora Spring 0.31 0.96 Kim and Lee (2012)
Summer 0.40 1.00
Fall 0.29 0.63

Styrax japonicus Spring 0.20 533 Kim and Lee (2012)
Summer 0.22 6.35
Fall 0.18 5.11

Lim etal.(2011)
2Kim and Lee (2012)

LA
AJ2F 1000 umol m2 s7)ol A 9] EZH
St ol sFE ¥

fE5e

> 23R > ME U (P orientalis) > AU
> B (Q. crispula) > TSR (S. japonicus) >
U > A oJUHR (C. laxiflora) > &3 U =0
2 et o HUE (P serrulate), =E[ U (Z. ser-
rata), =¥+ (G. biloba)= HE| ol5k= Yebd
ot 2RO A F A7 Qs S H
SR} SHURING BEST of 20 %
SEIL, AR R e e 5 78] s 24
SJo] A bRlo] ARG HE4E )
o 19~319 71 & AS HAT 5 YAck. o)}
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Fig. 1. Comparison of BVOCs standard emission rates by tree ages.

Table 6. Standard emission rate by tree species.

21~30 yr 41~50 yr

Q. aliena
Lim et al. (2011)

ERs (ugC gdw™' h™")

Trees Ref.
Isoprene Monoterpene

Carpinus laxiflora 0.76 - Kim and Lee (2012)
Platanus orientalis 67.011 - Sonetal.(2012)
Prunus serrulata MDL - Sonetal.(2012)
Quercus acutissima” 1.16 - Kim and Lee (2012)
Quercus acutissima? 0.038~0.062 - Lim etal.(2011)
Quercus aliena 9.83~78.8 - Lim etal.(2011)
Quercus crispula 12 - Kim and Lee (2012)
Quercus mongolica 7.06~64.4 - Lim etal.(2011)
Quercus mongolica 31.532 - Son etal.(2012)
Quercus serrata” 59.87 - Kim and Lee (2012)
Quercus serrata? 101.4~130.5 - Lim etal.(2011)
Quercus variabilis 0.035~0.092 - Lim etal.(2011)
Styrax japonicus 494 - Kim and Lee (2012)
Zelkova serrata MDL - Son etal.(2012)
Abies holophylla - 1.89 Sonetal.(2012)
Abies koreana - 1.86 Kim and Lee (2010)
Chamaecyparis obtusa - 0.52 Kim and Lee (2010)
Cryptomeria japonica - 1.22 Kim and Lee (2010)
Larix leptolepis - 0.457~0.622 Kim et al.(2007b)
Pinus densiflora - 1.734 Son etal.(2012)
Pinus densiflora - 0.817~1.787 Lim et al.(2008)
Pinus densiflora - 1.78 Kim and Lee (2010)
Pinus koraiensis - 0.366 Son etal.(2012)
Pinus koraiensis - 0.033~0.182 Son etal.(2015)
Pinus rigida - 0.228~1.263 Son etal.(2015)
Pinus thunbergii - 1.34 Kim and Lee (2010)
Ginkgo biloba MDL - Son etal.(2012)
DKim and Lee (2012)

ILimetal.(2011)

Sh=i7 | gstE|X| 37 B M 5 &
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Table 7. Emission flux by tree species.
SLW LAI FBD EF
Trees Seasons Ref.
(gdw m~2 leaf) (m? leaf m™2 area) (gdw m~2 area) (MgCm™2h™)
Pinus densiflora Summer 89.2 6.58 586.9 1000.1 Lim et al.(2008)
Winter 86.3 6.58 567.9 597.4
Pinus rigida Summer 140 4.72 660.8 381.9 Son etal.(2015)
Winter 63.4 4.72 299.2 68.2
Larix leptolepis Summer 100 4.82 482 223.6 Kim et al. (2007b)
Pinus koraiensis Summer 135 4 540 98.3 Son et al.(2015)
Winter 149 4 596 19.7
Quercus serrata Summer 741 5.6 415 42081 Limetal.(2011)
Quercus acutissima 824 5 412 25.544
Quercus aliena 74.1 5.6 415 32702
Quercus mongpolica 74.1 5.6 415 241115
Quercus variabilis 824 5 412 14.42
Zo| T 4FANAE o5 W GAFUATF 9 FRO] T WAISHS BVOCsS] ¥ 1]} ]
2R 1, A, SAATIR QIS 714, B ol A Stk miebA 4279 WiEEY A S
FEAOR QIste] HiELEO] Holg Mol Ao AL Beste] glo] wg FH FYALL HEs
2 mekEch I, o5 Foll fiEEYAE 5] o] & H|wshalth
A 49 B Ed fiES5e7 Rl & 7 72 SUlodA £3E wEEE s 29 e
ks 7o AR (A holophyua)>%%}\%$ T 9tk BVOCs HiZo| 714 ghilst o228 v]%o
>auE>E5E> iR > Aue > dadd B AdeY iESHsE v #riganE >
SEUS AR 02 etk aURe] Hias 9> 3R 02 Uetor] ol 22
= Al A"l s SAEGeH, BE HRE KRt e A Ho|il Sl AR ofFo] A
HiE4E WIS Uehis 202 Hol AR & 2T} of 26 Ak E3EON] i‘%% e
Sof |9 A SAS Hol o2 AT HIESETO Zfo]oA Hl%ﬂ 3, 7|t
ol¢ B2 AR A4S F ATY 7t HlEEE  PAAE EEE BE Ago] tol v2d At
apo]7} oF pHj~11H] HE Aol2 ML, ol w = melrh
S =0 Zo), 5 A4 T 2= AlQer Ik 9] B Aol dol fi7] wiwoll SA8A
AR} A A 0 2 243k QS-S Akt % AR} glo] o2 HlolElwt EAsln] WjE e A
olHY £FER MBS FFL ML Fa b RS ZHUR> AR>S AR >
AAT} 2% 9 GABFAT Bt ot BEX| S R &0 Ut ol BEuE&E0] 7
5,59, 1%, 3] P4, 2EAA S0 2L ok G 5UTS HAY, BD5Y AATL B
ThEFSE 17t ofafiA FFs Wrow, Z47ko] Qlzfo] 23t 412,415 gdw m™ area T2 HO|aL YUt
g WEEY A7k SEER depebA olReld
of g 702 et
6.8 &
5.6 U =34 tiEE=A
U712 8] dRZoA ST siEEE+ AA 2ol A HjEEHE BVOCsE tiRd QEAA0
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