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Summary

The objectives of this study are to characterize the emission of biogenic
volatile organic compounds (BVOCs) emitted from forest in Jeju area and
to examine the impacts of these BVOCs into ambient air on the ozone
formation. For these purposes, the emission rates for monoterpene and
i1soprene are measured for ten dominant individuals of conifers and
broad-leaved trees, and the CMAQ and MM5 models are used. The
research findings from this study are summarized as follows:

The emission rate of monoterpene is significantly higher in conifers
(029~124 pug gdw 'hr') than that in broad leaved trees (0.1~02 pug
gdwflhrfl), whereas the emission rate of isoprene is higher in broad leaved
trees than that in conifers. Of all species of trees, Abies koreana shows
the highest value in the emission rate for monoterpene and Quercus
serrata also has the highest level in the emission rate for isoprene.

The emission rates of monoterpene and isoprene are the highest in
summer season. The peak of emission rates are appeared at the time of
13:00~14:00 when foliage temperature is high and photosynthesis is active.
Emission of isoprene is stopped at nighttime due to the absence of light.

There is a great difference between major components of monoterpene
according to the species of trees. In particular, a-pinene, B-pinene, and {3
—-phellandrene are dominant components in Pinus thunbergii and Pinus
densiflora which are in the same genus, d-limonene in Abies koreana, and
sabinene in Crytomeria japonica. On the other hand, a similar composition
of monoterpene components is shown in broad leaved trees.

By the results of computing the emission amount of BVOCs for Jeju
area based on the CORINAIR process, Eighty five percentages of

monoterpene emission are emitted from conifers and 15% of that are from

_ix_



broad leaved trees. Most of monoterpene emission is attributed to Pinus
thunbergii (46.7%) and Crytomeria japonica (29.6%). The broad leaved
trees have greatly contributed to the emission of isoprene. Especially, it
can be seen that Quercus serrata plays a dominant role in emission of
1soprene.

The total amount of emission of BVOCs is estimated as 3,612 ton yr '
in Jeju area. The amount of 1,846 ton ylf1 (51.1%) is attributed to conifers,
1,620 ton yr' (44.9%) to broad leaved tree, and 146 ton yr ' (4.0%) to
grassland. Of total emission amount of BVOCs, monoterpene accounts for
32.3% (1,166 ton yr '), isoprene for 28.0% (1,012 ton yr '), and OVOCs for
39.7% (1,434 ton yr ).

The emission amount of BVOCs computed by this study is less by
1,101 ton ylf1 (31.9%) than that estimated by other previous study. This
means that it is important to survey the emission rate at real environment
and gather the detailed data for the distribution of local species of trees on
target region.

It can be shown in the distribution of BVOCs in Jeju area that BVOCs
1s emitted 3,000~10,000 kg ylf1 from an altitude of 500m to the top of
Halla Mt. with a dense forest, and less than 1,500 kg ylf1 below an
altitude of 500 m. The emission amount of monoterpene is more than 1,500
kg ylf1 due to the influence by communities of Abies koreana at an
altitude of 1,500 m or above and Pinus thunbergii and Crytomeria japonica
at an altitude of 500~700 m. The emission amount of isoprene is 1,500~
3,000 kg ylf1 at an altitude of 700~1,500 m with dense broad leaved trees
and very little at an altitude of 1,500 m or above due to the absence of
broad leaved trees.

To analyze the impact of emission of BVOCs on ozone formation, the
simulation is performed by using CMAQ model according to four scenarios

based on weather conditions available to produce higher concentration of



ozone without the influence of outer air mass in Jeju area.

In Case 1 considered the impact of BVOCs emitted from the forests on
ozone production, the simulated ozone concentrations are 91~94% of the
concentrations actually measured at monitoring sites and diurnal patterns of
simulated ozone concentrations are very similar to those of actual
measurements of ozone.

In Case 2 without consideration of the impact of BVOCs emitted from
the forest, the simulated ozone concentrations are at 71~73% of the
concentrations actually measured at monitoring sites. This means that the
given conditions for real circumstances is not reflected in these results.

When predicting the ozone concentration by assuming that there will be
an increase in the emission of BVOCs from the vegetation in the future, it
1s predicted that the ozone concentration in the downtown area of Jeju city
exceeds the air quality standard of 1-hr average concentration due to the
increase in BVOCs emission up to 25% more than the present. In addition,
if the emission of BVOCs is increased up to 50% in the future, the resilts
of simulation shows that the areas exceeded the air quality standard of
1-hr average ozone concentration are enlarged to the suburbs of Jeju city

and the central area of Seogwipo city.
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o ol&4 w73

1. BVOCs W&

oils)@HeE EFo] watEE Ro|th P o)xw AEe AU isoprene,
terpene, alcohols, aldehyde, 7%=, o ~HZ, JdHZ T tdst HAES TF3t
Romn ol AR5 AES o, =71, e T udd 7oA et
7 ol JEE F AEAW FHE ZE JEEC WEHE Ao oy
o} B A=A A o] A3 terpeneT AEEC] HiEH =T, ol A
TES 3oy 24 =9 A HA, AAHe A4, FH A= T HA
5o 990 A=A Wow AAAYHA wMEA ojgh o] 2l Aol A
W5 = g fr1sg=ES FAske] BVOCsetal ghoh. BVOCs+ Ul 79
T1+ 2 2 A isoprene, monoterpene, Other Reactive VOCs (ORVOCs, CxHyOz),
Other VOCs (OVOCs)Z v 4 1k ORVOCs, OVOCst W75 A FA13t
o ® FEH=H ORVOCsE AFAlRbo]l akF o]skel vk OVOCst 8HF o] %
ot}

7}. BVOCs9 %

BVOCs+ terpene¥ isoprene® w73 4 02W terpene =22 A A #
HASHA A8t FA, 79 F9 setEdY FAAMH, F2 AEAW x3
o A AR AEoE EA%

Isoprenee CH>=C(CH3)CH=CH:9] T+%2& 7MA+= 3 &2, 2-methyl-1,3-
butadieneo]Ztii % Ftl Wi 068 =R EHU} o5 7}

Tl Z& Fom FEHE 34T, 5=HS -145.95T o]t}

=
Mo
(il
i)
fu
1o
KU
o



[soprene 2] &2] QoA FdA T gAY EAE] Az DHI AA7
A7) wZol AEe ol Sl AFAITIA ¥ AFAE TEA AR wiEE7I
wj o] Wy 2o 7b wzhek EFolt) isoprene 4e dHo] EAs= o
of FFAE Fol AAH =nE 7] TR HMiEEHE 5AS Za ddon, 3l
o] A F= A o™ isoprene AT A HEdto] = £ oy wjEFo] T
o A =2o 4] isoprene MiEo] 7Hg A9E 2% 40Co|al, 2 isoprene
of wWiE Alg 290 HorA AEo] Hste Yol HEFHUS A5 wiEsiH,
o] M 7|7} Z7b8HH isoprene? WIE & E7} Z7bsich A wk We] A7]7F o
= go) ol2W o ol £t FrtelA ke

Terpenes ®3}+4 (hydrocarbon)o] A 7F &43E dHsi= 52 A= 2
o] MA2E FTFF stFE (terpenoids) = HEZ HHAH I Q) olE ELL oA
xZ &l (isoprene, CH=C(CH3)-CH=CHy)°]e}= &34 E 7|2 3402 Ay
AT}, isoprened] @FEE 2 ) 7FA L J=rfe] wEbA Table 19F o] &
73 g 9

Table 1. Classification of terpene compounds

class number of isoprene unit

hemiterpene 1(CsHg)n
monoterpenes 2(CioHis)
sesquiterpenes 3(Cy5Hz4)

diterpenes 4(CooHz2)

triterpenes 6(CsoHas)
tetraterpenes 8(CaoHsa)
polyterpenes >10(CsHg)x

Terpene< isoprene¥ =

(Resin duck)ell A &= Act7F wi=

=
=

7

_—

oM wteolA A3 27]9 A

=

o]
2L

= onoterpene®] W= =2 isoprene®l| H]

g 7)Aakelzbel Wo) o3 Ao Ao ¢l ewout wzaA wreEc Y )
A9 S YAS v isoprene? HlE#HS Fo]EA| W, monoterpened] W=
& Ws7} §la, EolEn dtrjetE I %ol isoprene] Hl&| H Tk



Terpene 25 FAUT, BUUT, 3T, 205 59 d5el gol ¢
G50 gid, 37 T LTS AUHA Aty A4 ow AEL ==
3 NeEgde AUz gk JFol A BEHEE terpened 3 uHAlo] 7] wEo] &
71 F AA Ao drk 7] Fom wEEHE terpene AR F FERES
monoterpeneZ A, | Z &2
monoterpene< AUFEETE of
= Fo=w %_]’E%Xﬂ 3}1\]—/}‘18,24,4@

grol wet &2kx v Table 2

N
1
=
N\ﬂ
rl

ol
S
2
o

o

Monoterpene Hj
o] monoterpene WAWIEe] w2 BHEZ 39tk g-pinene, B-pinene,
d-limonene, camphene, myrcene, sabinene, B-phellandrene, 1,8-cineole & ©°] =+
Q HjEF AE Sl £+ a-thujene, B-terpinene a-terpinene, y-terpinene, a
—phellandrene, p-cymene, 2-carene 5 °| W&3= Aoz 4 A Ary. T3
Zo| wz} 7FEA a-fenchene, B-fenchene &-fenchene, e-fenchene, bornylene,
alloocimene, methyl chavicol o] &¥®]&3al QlTth  sesquiterpenes® Al &
nerolidol, farnesol <, 13 il diterpenes®|+= phytol, vitamin A; 5= & <
9] T} 192347

T2 monoterpenes HlHo] 150~180C =A A= H|S=3H Eo&= A X
FARE dFEFA = gt & Sk 2 ARV 085 AEEA B 40
A g F5 ol FHA FTRT TR 93 F=o] 7hsstr

) Z 42 monoterpene A HE9] ERF9 EAS Table 39 YeEFATE® Table
3o Yed EFAES A2 oA AAZA p-cymenes AL ymA 2HAELS
o® v zely 2 727} Fig. 1ol ki upet



Table 2. Examples of monoterpenes emitted by vegetation into the atmosphere

Major Frequent Occasional
83-carene a-thujene a-fenchene
d-limonene tricylene B—fenchene

myrcene terpinolene 6fenchene
a-pinene a-terpinene e—fenchene
B-pinene B-terpinene bornylene
sabinene y—terpinene alloocimene
camphene p-cymene methyl chavicol
1,8-cineole a-phellandrene p—cymen-8-ol
B-phellandrene trans—-ocimene Inalool

2-methyl-6-methylene-1,
7-octadiene-3-one

cis—ocimene
2-carene pinocarvone
verbenone
fenchone
thujone

camphor

Table 3. Chemical properties of monoterpene

components chemical mole.cular boiling point mel‘Fing density
formula weight point
a-pinene CioHis 136.24 155~156 -62.0 0.858
B-pinene CioHis 136.24 164~165 -61.0 0.865
d-limonene CioHis 136.24 175~176 -95.2 0.840
a-terpinene CioHis 136.24 173.5~174.8 60~61 0.838
y—terpinene CioHis 136.24 183 0.853
camphene CioHis 136.24 159 51~52 0.910
§’-carene CioHis 136.24 168 ~169 0.867
a-phellandrene CioHis 136.24 171~172 125~126  0.846
B-phellandrene CioHis 136.24 171~172 125~126  0.850
myrcene CioHis 136.24 165 0.794
sabinene CioHis 136.24 163 ~164 0.844
p-cymene CioHi4 134.21 177 -68 0.857
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W& A E9 A4 i 93 g&o] arix aX e AL LI Fr) vk
Wl isoprene?] W& 35~40TCoA HAHES olF Fo= 553 43 9
= Aol FdEA dojd = A= AE A FHo] Wi FHAHo 9 2%ofA

isoprene HlZo] H S UEE A S E A monoterpenesi = H] ul7}
LolAe= AEY 59 FFAES JAAT] " v 2EE 4
at7] 914 BVOCsE WM& o=z s Ao A $4 &2 215 s AaAA
~nBE BT P00

3+ FolA BVOCs WiE®e] W& X9 B33 (photosynthetically
active radiation; PAR)®] Zth A7 <l 1241914 134914 BVOCs viZ& 2] o

2 Ho|= oy g}’

2) PAR(Photosynthetically Active Radiation)

21 Eo] FFAES e T AEELS Fig. 394 HiE vkel #Zo] 400~700 nm
Helol A7 HBARD 2AEQ W o UAE o] &3ttt o] WY A S Fd
Afrade 23 PARZ R @t ol oux @9 (watts m ) 3 PPFD
(photosynthetic photon flux density) 2% =A% 4= Ut} 7|4 PPFD: @9
HAY @G9IAIFE quanta(photon)®] @91 & Adoh 71 e o] & ¥ = TG =
A= pmol-quanta m %s ‘o] T},

PAR+ monoterpene?] #l& 3= IA Aol gloha & A 924 isoprene
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olE HAEL C=C o]F Ao &=A1st7] W&ol OH radicals®}te] E4F2 < ut
S o9 039 NOsoll g&l FZdx7] g Aol
OH, NO;, 18] O399 whgo =2 2l f7] stEe FadAY +HE

< OH, NO;, 2¥]aL Ozo tsfd F4d 8 d7d =8 =45 A8E
A

& oS A4 kg BalA Table 49 FolAd u}®

23 AEE A E 7)Y B34 E, E3] isoprene? monoterpene <& OH

I o EIE whrEEo] AYE T8

23}t}. isoprened 23 OH-9F2] =2 4Hs} w88 FalA CO7t AAEE
A= isoprene®] AtstHA L Hd A A o]ibsiEr Ao AP o Em A QIS §tal
9t} w8l isoprene} terpened HE 3ol OH-S 2EA 7= 27 55%
9 95069] d&tS sty Al kY o4 KW isoprene} terpenes th7)
o] Atsts = AFE Vs Fe & F ATk

IsopreneS Q. EAA A H o] 109.284 7oA &8 714 Ho] WA=
24 9 Fuz 984 Jh!'” isoprene?] THE o] EL  2-methyl-1,3-
butadiene©] T},

Isoprene-OH %3 A9 AKX 7} C=C o]% ZAgo] OH radicale] 7% A
& #t}, Formaldehyde, methacrolein (CHo=C(CH3)CHO), 12|31 methyl vinyl
ketone (CH,=CHC(O)CH3)< OH-isoprene W32 +8 AAEA Aoz 2g4
oA =QlE uvh Ut Isopreneo] WaiA OH &Ao] A&=HW o &4 A3}
(1 Z& 4)o OH7} H7F= o] 67FA allylic radicalsE XA 3t} o]jo]x 0.9 A
7b= OH 2%l tigh B 52 § 5 o= &4 dxelA dojdr}. -7t &
w2 Bl S T, §-H e ol HAs st AY 58 08 wkE-skAl A

Isoprene-O3 W& C=C olT Aol Tl 27| H7FHMA = F

7} 12k ozonidesE A sF=Hl, Z+Z+2 carbonyl¥} biradical A &2 F+ 714

(o,

Z3(set) o2 B o]y 3 WkHS-7] 22 formaldehyde, methacrolein, 12 3L

methyl vinyl ketone®] A LAt o2 Os-alkene HH-S-olAAHH

_16_



isoprene-O3 W3 3 ¢F 027 OH E4 A=2A4 A3 OH radicals® AA o]

= 72,73,74)
By,

Table 4. Calculated tropospheric lifetimes of biogenic VOCs

Lifetime due to reaction with

BVOCs

OH* 05” NOs°
isoprene 1.8 hr 1.2 days 1.7 days
camphene 35 hr 18 days 1.5 days
Z2—carene 2.3 hr 1.7 hr 36 min
63—carene 2.1 hr 10 hr 1.1 hr
d-limonene 1.1 hr 1.9 hr 53 min
myrcene 52 min 49 min 1.1 hr
ocimene 44 min 43 min 31 min
a-phellandrene 35 min 13 min 8 min
a-pinene 3.4 hr 4.6 hr 2.0 hr
B-pinene 2.3 hr 1.1 days 49 hr
sabinene 1.6 hr 4.5 hr 1.1 hr
a-terpinene 31 min 3 min 4 min
y—terpinene 1.0 hr 2.8 hr 24 min
terpinolene 49 min 17 min 7 min
1,8-cineole 1.4 days >110 days 16 yr
p—cymene 1.0 days 330 days 2.7 yr

? 12-hr daytime OH concentration of 1.5 10° molecule/en’ (0.06 ppt)
> 94-hr average Os concentration of 7x10" molecule/cn (30 ppb)
¢ 24-hr average NOs concentration of 2.4x10" molecule/cr’ (1 ppt)

Isoprene-NO3 ¥F3-&  C=C o]% Ao NO7} HA7FEHA AP ==, 4-9
Aol & H7FR Y= -9 R SAsA H7bAv. A ANAMe A= A
5% dAek=, NOs + isoprene> - OOCH:CH=C(CH3)CH:ONO29] A4 <& X3
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st =, o] AAES NO9 &4 sl & 2o 483+ alkoxy radical<
A st o] alkoxy radical AFA9} WHE-3Fe]  CH3C(CH20ONO2)=CHCHO<}k
HOE AT 4 don, -CH.ONO, 250l T2 4471 FE2gdoH, 3o
-CH; %A 4 AAE FE2FozH ofHdAZE du. o224 Cs
hydroxynitrato carbonyls -2 formaldehyde ©3}7] Cy-nitrato carbonyle] <

% Fr

. & A VOCe NOx9 9%

1) VOC/NO, v&°] 524

N

oE Aol THW slste] oA OH radicale A A

o

8o} o]t}
VOC-OH Hbg2 43t 34 -& FHA1ZIth VOCset NO,= OHel i8] A= 7
g 87 Ak VOCs/NO, % Hlgo] %& 5ol OHE F= VOCssh 4

& Ao, gt FE H[EA A= NO, ¥&o] $A4d 5 3tk VOC @ NO: &5

J

o
i, OHS VOC % NO»ot Hd3 &£x =2 wkg-3lio}
VOCs-OH &Z4TE52 7 VOCse 38t me g2 =2 o] 3t &4

k1
R
N
X
J|m
o,
r
)
o
f
(4

Z& VOCs9 &§tel utet 25w
4= (¢F 3.1x10° ppmC 'min ")l uigt ¢
7] z2e]Ae] OH-NO, =45 (e 1.7x10" ppm 'min He] v]&L < 55
ojt}. webA VOC : NO: F%=HI7F tief 55 @ 1w, VOCS NO29 OH<}9]
HEEEE st vl o] H7F 55 11 Hup Fow NO,-OHY HHS-©]
VOCs-OH¢] wk3-S A ufjslA €tk OH-NO, WH$-o 2 VOC 4334 o4 OH
g AAG 1 o] o2& Aol dojuA LA ek ki o] H]7F 55 11
S 233w OH-VOCsS Bt} o & vresiez H 43 A2 radicale] WA
olu} wtu= glolxt Ty AAHoezE OH-VOC wHgEo] o& 4w
T ARE] FEAZ AdA 2 AAE HEA 7= A EL radicalo] A
%]:]_‘76)
VOCs¢t NO7F £A418H= #olA OHE VOCs BUhE NO.$F ¢ 55 v o
2A wrgst7] wEol, A NOE VOCs Bl o] WA 2718 Aot A

AL
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28 NO, wiEo] glew, Avel wkgo] Mg wl NO,i&= VOCsol H|3
L a4 2" Aotk a2da £7+4<e VOC : NO; H &S Al 7to] whe}
A F7He Aotk OH-NO. wHg-o 93] NOJF &2 ow Aoz 3
THFASEE NO, $%7F T3] YolAAl =i OH7F VOCs¢t Bt o & wb

m

oF A Aol NOo 7124 &L CO 43t vzt Sl A ek
g & 9tk dE B, ¥ NO, @AlolA (NO, limited), && A9 &=t
[NO] S7Fell watd dEgdor Frhsta, 2 £+ [COJd+= S HA o th
< NO Al A (NO, saturated), &&= A9 £X+= [COJol Wt F7}ekA]
gE INOJZE S7hgtell wekM = 23]y #AAaddt w2 NO, SHAd A »d, 7

Hir

&% NOF S8t NO, T7hehel wel OH+NO, T2 s £k F7t
shdl, AIZF-H HO.9F NOy 255 A7 s, OH-HO, w=8& @iy, 13

A Foe2A 03 B e o

oWl FolX VOCE &, & A ¢z PHH= NOy s=7F &
At =, H# VOC : NO, B7F EA13 . o] A Hl&rt w2 nl&o]A
NO, 7l & HAaE oot w2 H4 nj&rt & H&dX+= NO,

ke 0 27hE zdw

ro

2) &

VOC9 NO o %7] sXkol ozt & AAde &l disix= ozone
isopleth diagramel#t= FHoZA A
VOCe NO, %9 g2 A @48 HY & skof 3t 55X sopleth)
S Ak et o] diagrame %7] VOC® NO, w5 WsA71HA 7]
ol A dojut= VOC/NO, 3tetits mAYFo® 3 B2 Algdolids &
A Ao A &E oAd A (peak 1-hr 03)E YEUE TE5EHoR &9
At o] A3=L Fig. 7T AH 22 5249 Fu= A5 yeith

AAZ o]led T EAE 54 EKMA Edy & #AFEH ZIdES A3
o TrEo Y. Fig. 7(a)dlAe= Fx ol Yebd VOCS NOo 7] =l A
1A EFEl e AEe] A HA oS dEd A

rix
Sy
off
rx

¥xddY. o]yt diagrame %7

rE

o
I
&2
%
=
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Aoz "kt Ao|th Fig. 7(b)olA “2F& A4 (ozone
hil)”¢] A RS 2E5 Aofst= b dolA VOC Alo7F 7 534 A A
S NO, Aloj7F 718 &34 dA, of Ui & 25 Aojsts o] 71 a3t
AAdA 5 Arret=d dolA fF&steh wepaA A Aol tf$ste =2 VOC/NO,
Hlo] i, A ABE webd 4 NOwlA VOC wF 438t &4 O3 4
= =g A a2y d ACE "k F) 94 VOColA NOE FHAsH
HH oE Ayl = W rked ofF &Aool ®rh webA oy A9

9" 719 332 NO.-limitedo]™, NO, Alel7} 7Hd aadAolth. =&
VOC/NO, Hl & Hol= gdgo=ze iAoz welAd Al=:AY, 18i F3)

S Ao o dYs =9 dg e dd. a2y A DFE webd oA

VOCA A NOE #HaA7IM AAHoR 270 S =93 WAx ool

& B A Z gEdd, AA, 2EF NO9 wg2 o
@e] WEER 2 NOy §=o oA Oy aies LR o2 59

FAA 05 A4l o] ARNE NOE AZ@Th ol OH avze 47
Z4ep] Homd #H Utk OH $E& o 1~2 ppb7td 5
b

of webA FIbekARE 1 o]FE &= OH+NO, ®Hg wfiol] zagith o]+

AL

o]
|4¥ OH v %% NOZF S7Fgel wehba ZFastt. A VOC @ NO, Aloj
ol el fEAL VOO/NO, o] A4 o= #5arte Aol

£

facs
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028 — a5 -
03 (ppm) =0.08 0.16 0.24 0.40 voc 8 40 &
0.24 - NOyx 1 S
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XS
0.20 - 0.30 30 LSRN ‘\\ .
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Fig. 7. Typical peak ozone isopleths generated from initial mixtures of VOC
and NO, in air: (a) Two dimensional depiction generated from the EKMA

model: (b) three dimensional depiction.
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AL ELDS o wE Ao AASokstr] Wl AlEE FEe AMHAD
T7F glol S AT ASErt oa "ol &= wHe] . HTd e dHS o
2 B3 REA(relaxed eddy accumulation technique) F&3ste] A5 AL
7b ek

Y. BVOCs9 &4 % AAb

A Aol AAste] B8 BVOCse MESEE thew e #ANew
AW 5 Ak o] e A% BVOCS BE, AW §9 A= 7 §43)
%%

(total dry weight of leaves)¥} ¥& %t}

ER (uggdwf e 1) = total flowrate (Lhr 1) X sample concentration (ngfl) (1)
+total dry weight of leaves (gdw)

Monoterpene®] %+ WlEHEE A5 o3 miEHEf S RG] A 2 o
A AAEY, #AAE v 2l Enclosure chamberZ ©]-&, monoterpene?]
&4 S FASE A o 250 oFEss 2oy AFgFEa oz R

%%q‘41,42)
ER =ERs - explB(T-Ts)] 2)

ER: 9<% T(K)9 4 monoterpene MZ&4 %, ug gdw 'hr
= T

ERs: Tsol A monoterpene ¥ W& 4%, pg gdw 'hr '

B= 2B 3AA=, 0.09
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Isoprene ¥+ HE&H5EE A3 o3 w55 W 29 Wsle nE
BAAGF(CL, Cr)otel #A o S

AATE AFEBAFCOL =%

1>
=2
>,
)
r>~
T 1
=
r
)
1>
rlo
oy
el
<)
U
Aui
o
@]
g
(@)
=]
(@)
f

2
FALEe W o]EAL 200~600 umol m s WA Hoje] oJExZ e
W B3 E %ol 600 pmol m s ool WA Y 40T <>
o FFddFrade] S isoprene WiESE 7t

&3] 600 pmol m s ! o]l E L% oEA ] Ak

ER :ERs‘CL‘CT (3)
aC ;L
C.= (1_1_@2?‘2)1/2 (4)

exp[C n(T'= T §)/RT (T
1+6XD[C TZ(T_TM)/RTST] (5)

CT=

ER @ 9% T(K)oIA isoprene ¥Wl&% %, ug gdw 'hr

ERs : Ts(30C), PAR flux(1,000 pmolm %s )ol|A] isoprene ¥Wl&4 %, ug gdw 'hr
CL:3rAg A

Cr: 2=l AGAF

a = AdA S, 0.0027

Cu = BEA 4345, 1.066

L = PAR flux (umol-photons m s ')

R = o171 414, 8314 ] K 'mol '

Cr1 = 95,000 J mol !

Crz = 230,000 J mol '
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%. BVOC #&% A

A Aol o]F VOC WiZ 2 Guenther 57 0] A|A18H WS o] &3fe] A4
stm glom, moly §H HiEH A
of 7= St

&2 #E27 (307, 1000 pumol-photons mZs ol A A A]
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1) BEISE °] &3 W& 24

)= NCAR (National Center for Atmospheric Research)ol A& x¢d 2] A €]
MlEF AW O® Guenther §77°]  AQHE Wgel  7]Zsted  BEIS2
(Biogenic Emission Inventory System), 4% BEIS2, GLOBEISS 7l%3d}e]
Abgelar gl B RElEL isoprene, monoterpene, other VOCs® A4 4= 9l
om, 37kA] B4 ztol= Zb RdlE9] isoprene WiEF Al4bel] o] &xH = 3
Z(canopy) E®e] o]z FEET weba ZF BEld mE wEF AEAs

isoprene Hl& #ol|l= 93-S A% monoterpene, other VOCse| HjE ko)== <4

A3 4= 9lth. GLOBEIS+ BEIS2¢] A
AbEE = A, % T PAR, 2% T AR 9o dWAAFILAIL Leaf
Area Index), *%, 5+ 5, PDI (Palmer Drougt Index), #}7 2447k, 4847}, 360
AR Bt 2 5o dEAETE FUR Fastt olgd ARES At WE

Qu W, Qe L%, A9 ARG, FA Lxd T JF 52 1Y
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2= AN Y AR REFow AW BEIS2, GLOBEIS R4 Apgsh
T sith
Isoprene?] W& I3 33 (PAR)S AHZAQA #A7F o, BEIS20) A

= isoprenee] WEFE FAA/ NN AAEE PARY ghol WA @
=

qQ
AZ=7F gl7] W MM5e =492}

4l BEIS20| A+ o]l&l 3k 3o ZHAaE FA37] ¢ simple canopy =22 o]
g3t Ah* Simple canopy REL F#=S 5719 Z(layer)o @ FEEFaL

BARJNAHCLE ARt o714 718 4 (7)) #%F BAgdAs 7 &
o FFRAJNA ] FogA 7t Fo FHFRAGAA= Table 59 Table 62 54

™

5
= ;1C £ (7) (7)

PAR ,= PARxexpl — E LXLAIX—(‘Z%D-]

PAR; : canopy layer(i)el Al #3454 & 3 (Wm 2
PAR : canopy EWolA 3349553 (Wm )

EL : conopyE &3 PARS] AEA5(0.28~0.84), BEIS2014 0.42 AF-&
LAI : leaf area index(&U, &4, 71} Hd 0 27 3,5, 7 AHE)

i: canopy =9 T (i=1,2,345)

Table 5. Penetration rates of PAR in each canopy layer

Layer Pinus Other conifers  Broad leaved trees
1 0.88 0.75 0.81
2 0.69 0.41 0.53
3 0.53 0.23 0.35
4 0.41 0.13 0.23
5 0.32 0.07 0.15
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Table 6. Distribution ratios of leaf biomass in each canopy layer

Broad leaved trees

Pinus Other conifers

Layer

0.27
0.21
0.18
0.17
0.17
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0.2

0.2

0.2

0.2

0.2

0.2
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E (isoprene) = Zi £ D - A - ¥iso(Tm) - Na(m) - Np.(m) (8)
E (monoterpenes) = Zi 18 DA yu(Tw) * Ng(m) - 24 9)
E (OVOO) = ST D+ A You(Ta) - Na(m) - 24 (10)

: . . . ,2 ,1
E (isoprene): 2t %529 isoprene emission flux, xg m “month

. . . 72 ,1
E (monoterpene): 2+ =% 5 2] monoterpene emission flux, xg m “month

E (OVOC): 7} $%%2 OVOC emission flux, zg m “month

Ny + 89 4= (day)

$ 2
o
u

FEW 0 A9 BVOCs MEFS AW fside o AAF Just ws
stk 9 AAFS 24 LAIS M9 HESLWIE o] SahAt 443

8
gokel 24 F Ak AW FWAPEL EE 2AT(20mxm 5

LAI(lear area index)

rlr
hints
=}
2
N
Sy
fru
>,
N
=]

o] R
H] &S el 12 SLW(specific leaf area)™= BT HO2ZA @9 AdWHATG HA
(g/m)= Zds™ 9 AAFS ofF Ao os) Aatd = Sl

2
gxgﬂag(gdwm2)—M(LAI)x%(SLW) (11)
m- — area m —tLeaq
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F 27, 59, 1A AL olfdte] wE 2o iste] 44 9 AFAh o A
ARARe Fu A¥e} 7ol ARAust Jovt e ARt BFRA, 7|

&g Z2FAAE FEF7HA CORINAIR EFAAES w2 A vk 2 A% 5ol
2 AEFAAE $elvet dEAYRAA AFss FFdd b R $
gurpetel A= A2 Ao o8k VOC W& S 24T o A&ste WiEATES
USEPAol A 7jutate] o] &3ta 9+ BEISAH #l&3dte AHEES o] &3l itk

7 SR 71424 (MM5)

MM5+= 1970 @] Z7]9 vl=r9] 7] A (National Center for Atmospheric
Research)¢} A WYol FEugo] & /ME3 T 7| B9 SHg &

Wz ol F A&How use] & wdet

!

MM5 Ed2 Hug 9/le] Adgds 71 5 A AAAl(nested grid
system)S F83 4 v}l Figure 8& MM59 FAEolw ZF Ao thak A%

AbaEe Table 70 e Figure 83 Table 7014 B 7|2z ow X3 2
Exo] &5 & o]&3t vl A #A (TERRAIN)Z 7]4A5E dAT &
el ¥ AAH AsE WAstE 34 (REGRID), #3555 WAitst= 3

A (LITTLER_R), 917 3 A Aant Hx=2 A2WA 34 (INTERPF), +
Ay A5E £ R 7|4 E 2AAEE (MMS), 235 agoew ¥E3)

A4 Feo| F WE 10~40 AEZ @k o|F 45 4§ A ALA v
1

ol Ao oo g

g grom ALHWA 3
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Figure 92 MM5 =2l =HZA A Al Arakawa B gridE YERd Ao 2 A
2%, HlE 59 27 W4 cross(x)oll A, FARIEAE(U) 2 HFEuldA R

(V)& dot(o)oll A Aeoldrt}. Fig. 108 MMb5 299 AAARES el 7o)t}

Additional Capability Main Programs Data Sets

TERRESTRIAL

tt——_ [TERRAIN | | |
Old.USGSand Usas Terrain Other

SiB Landuse LSM Data
\ GLOBAL/REGIOMAL ANALYSIS
M5 RAVVING REGRID |
¢ little_r NClEP NNlRP EJFA .....
INTERPY = ECMWFE ERA
MNESTDOWN Y \
TOGA AV
OBSERVATIONS
RAWINS/
little_r | | |
I Surface Rawinsonde Others
INTERPB -
. INTERPF |

MMS

I NESTDOWN

Fig. 8. Flow chart of the MM5 modeling system.

Table 7. Description of MMb5 processing steps

Processing Description

TERRAIN Yield domain using data of terrain and land use

Interpolation of weather data into horizon grid point

REGRID data of isobaric surface

LITTLE_R Interpolation of observed data
INTERPF Vertical interpolation of sigma coordinate

MM5 Simulation of weather condition based on observed data

GRAPH, RIP Display of results with graph
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Fig. 9. The horizontal Arakawa B-grid staggering of the dot

(o) and cross(x) grid point.
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Fig. 10. Schematic representation of the vertical structure of
the model.

1. CMAQ (Community Multiscale Air Quality) =€

T el Gaussian model& 1960\t ZRE w=* F

kmoll A 424 kmAE RN oA FFS w=
= €

=2
o)
=
M
it}
N
>,
Y
o}
o
2
)

Rdol vt v Ewy 74 ¥sE 1
28 4 gltkE @™ol 9th Eulerian model & EA] RO A X R H
Holl Hgo] 7testa sFshitgS uH s = 7] wito] dAA7IA thFsk mE

=°l 7N, HEHa e

N
X
L

3E A2 Eulerian modelZ+ ROM (Regional

Oxidant Model), RADM (Regional Acid Deposition Model), UAM (Urban
Airshed Model)o]™ 241t Edojg} & 4= it} o]t 24|t RdELS Fi3
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Foh, A Bl we At wol Basith w9 tgustd nd Hd4

Lo

1998 6dol &2 Wi, side] kel
CMAQ-<> Eulerian modelel 7]%=3% 3zt #3518 Zd = 7]E 9] Eulerian model
I gE2A EesgxE Ho dve e 7HHI e, 74 ME Zmadls
Abolell mE)ar 7t AAE GAZe] 4E F3o] A o] FoRth I A FE
AN AAFEAA FAlo] o] Jhgsta FstgEoly LESFES BE
dojzEm FA meF F AdrkE 5L A 9o CMAQ REL
NOAA®] =977 NWS(National Weather Service)7} 1A%t & Hit %
£ AN dS5shed AREEL o, fevel T HS Ao tiEA]
88 7] 2@ kol ARgE up QQep

CMAQ< 57Hel Hxe] Edy 170e] FRHQ 38 . ¢=Frd  (CCTM:
CMAQ Chemical Transport ModeD) = -4 ¥ o] vt A2 2dL 71704 A
gl 2 dlel MCIP (Meteorology-Chemistry Interface Processor), #l& % = ® <
¢l SMOKE (Sparse Matrix Operator Kernel Emission Model), #3j&] & At&=
gl ¢l JPROC (Photolysis Rate Processor), =7]1%71& AA 3= ICON (Initial
Conditions Processor), ZAAIZ71S A4dst= BCON (Boundary Conditions

Processor) 2.2 F+A o] At} (Fig. 11).

1) CCTM 3}8} - 554
CCTM CMAQ?Q g8t} =49 F wdoltt, CCTMS 43 - 4

3|
~

Y
o

¢

o] 7 (horizontal - vertical advection and diffusion), ©]5F T} A4kl A A=

g, 98 - 72 G 7ay geknks ALk, 44 Wk 9 cloud mixing L,

delzd et A7) Bx 2y, TF s 53 oy, odojzEe HH &
= 4, Feide A, 7lE 24 oo 18 5 o 293 JPROC A g
2ds ddstel 7|t Bkl Al &S A&, ICONZ BCONe| %A

9 mug Adsel Ry 99 /w7 FEs AARD FEE HEH
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o5 3Fste Fakmdl CCTMO 8t 714220 MM5AA AAddE 7]
8= MCIPY A HAHS A CCTMe ¢Hstar SMOKE R doA A&
=<

Emissions Model
[SMOKE)
CMAQ Programs
Meteorology
Mode L MCIP
(MME or WRF)
* CON
Third Party Pragrams |
CMACQ Preprocessors
I:I B CCTM
CMACQ CTM [:I
CCTM Inpit —
= BCOM
CCTM Cutput —
Mat Model Cutput ?
Emissions Model Input
JPROC

Fig. 11. Flow chart of the CMAQ modeling system.

2) SMOKE #j&x4
SMOKE #j&R 2 1996 V= masfEetely Fthetol A 7iEs o] 1999

_34_



d5E v EPAC oa] AAEE o SMOKE thah 7j

2
EF el Version 215 EHE E2ol50dY Ao 9ol FEAES

o ®Htrp Al

:‘,:
CO, NOx, VOCs, NH;, SO, 59 7F2=4F &4 3

2ok ohel 2, A=F, WA, TEYUI =] FHRAE

e MEEYS 1o

Table 8. Description of SMOKE processing steps

Processing

Description

Inventory Import

Gridding

Speciation

Temporal

Laypoint

Land use Import

Meteorology
Adjustment

Merge

Import of inventory data

Matrix set for space distribution

Speciation of inventory pollutants into model species
appropriate for mechanism asked in models

Time distribution of annual inventory data into time
data required for model

Calculating of smoke ascending for all the point

source

Import of land use data for the treatment of natural
source

Producing of natural emission data by grid, time,
model species using weather data of temperature,
climate, amount, etc

Merging of data with the data produced in each step
into the type of air quality model data

3) JPROC 3 g
JPROC &3z &

Azol YL

AErde CCTMS #3ket gk

o
ofl
e
i
r]I.
oo
=
N
iw
T[N
flo
@

HAYT] Ad 9
B-05¢} SAPRC-995 A}-§-38
CB-05% AM&3ta vt Figure 120 JPROC RE& &
Hapd & HERATh
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Mechanism Include Files
GC_SPCEXT

Set Mechanism = AE_SPCEXT

GC_ICBCEXT

Extraterrestrial irradiance 23 elc.

Compile Options

Atmospheric vertical profiles PROFILES

Molecular cross-section

and guantum yields or

JPROC

Total ozone mapping

TOMS
spectrometer

Molecular oxygen cross-
sections

Shows InputiOutput
i File Program
Ozone cross-sections O3ABS ( ) /‘

Execution Options

O2/BS

Fig. 12. The input and output files for JPROC.

4) MCIP 71’74 A zxnd
MCIP= MM5Y WRFE 717 Edox AAFE 7|45 ES CCTM FREd
AHsl7] 8] AAgstE Zdolth. Figure 139 MM5Y WRFEOlA AAE 3

AES MCIP oA Axgste] CCTMS Y3 gAY JdES Hol Fu
ATt
| GRIDDESC | | MET_BDY_3D |
MMS or WRF Output
| GRID_BDY_2D | | MET_CRO_2D |
MC'P | GRID_CRO_2D | | MET_CRO_3D |
| GRID_CRO_3D | | MET_DOT_3D |
Execution Options
: C —j Output Files
Fe Program Shows Input/Cutput

4

Fig. 13. MCIP input and output files.

5) s}eykg H7HU =
CMAQ -gstetridlols spshuts A& Aestr] #siA  CB-05(Carbon
Bond 05)¢] whg WA FEE Aestar 3=, of 7ol = 51709 3hshEt 15674



Table 9. Species names for the CB05 core mechanism

Species Species Description Ngg;gi;sf
NO Nitric oxide 0
NO, Nitrogen dioxide 0
Os Ozone 0
0 Oxygen atom in the O*P) electronic 0

state . 1 .
01D Sc)gegen atom in the O (D) electronic 0
OH Hydroxyl radical 0
HO, Hydroperoxy radical 0
H209 Hydrogen peroxide 0
NO3 Nitrate radical 0
N-2O5 Dinitrogen pentoxide 0

HONO Nitrous acid 0

HNO3 Nitric acid 0
PNA Peroxynitric acid(-HNOy,) 0
CO Carbon monoxide 1

FORM Formaldehyde 1

ALD2 Acetaldehyde 2
Co03 Acetylperoxy radical 2
PAN Peroxyacetyl nitrate 2

ALDX Propionaldehyde and higher aldehydes 2
Cx0Os C3 and higher acylperoxy radicals 2

PANX C3 and higher peroxyacyl nitrates 2
X0, NO to NO; conversion from 0

alkylperoxy (RO») radical

XoN | NO g ormame miraie comersion| g
NTR Organic nitrate(RNO3) 1

ETOH Ethanol 2
CH4 Methane 1

MEO: Methylperoxy radical 1
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Table 9. continued

Species Species Description Ngg;bbil;ls()f
MEOH Methanol 1
MEPX Methylhydroperoxide 1
FACD Formic acid 1
ETHA Ethane 2
ROOH Higher organic peroxide 1
AACD Acetic and higher carboxylic acids 2
PACD beroxycarboxylic acds | 2
PAR Paraffin carbon bond (C-C) 1
ROR Secondary alcoxy radical 0
ETH Ethene 2
OLE Terminal olefin carbon bond(R-C=C) 2
IOLE Internal olefin carbon bond(R-C=C-R) 4
ISOP Isoprene 5
ISPD Isoprene _product(lumped methacrolein, 4
methyl vinyl ketone, etc.)
TERP Terpene 10
TOL ’;%lglzr%iecs and other monoalkyl 7
XYL Xylene and other poyalkyl aromatics 8
CRES gﬁgrsl(())lls and higher molecular weight 3
TO, Toluene-hydroxyl radical adduct 7
OPEN Aromatic ring opening product 4
CRO Methylphenoxy radical 7
MGLY Il;/ig‘fj}?lsé{cgslyoxal and other aromatic 3
SO2 Sulfur dioxide 0
SULF Sulfuric acid (gaseous) 0

Table 9olA H&=
oxygenated products

monoterpene®= ¥ %+

monoterpenes &2 OH radical, O3, NOs radical® wWr$-3t=t] F1kol

nlel 7ol 517) 3tetFolE ©UF 3 radical, alkenes,

=l o]

= xstal glew, 53 BVOCsd

Atk BVOCse] F& AZEd

_38_
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T GEhG BA FEd QEEARREE ol gste] FAATE Table 119
= AFEAY gad dgd Wa Byas Yok & 301~600 me] E4t

F Ao 27.0% %2 b Bwe FEEIES Hgow trdoz s 601~900 m

a

Aejo] 223%2 vhebstem alw 900 m olae] FyELAd AL 506 o] 4
o YREE 15%0% Ueh} madz $345% o] molwA el

ol FolA= Aoz Yy

Table 10. Forest land area by forest types and age classes in 2008

Age classes Bamboo  Un-

& area(ha stand  stocked

Whole

country 6,374,875 438,391 945,235 2,377,348 1,781,672 503,706 146,071 7,039 175,413

Conifers 2’(64729’0%2? 22530 573204 1035550 657230 12395 27245 - -

Non- 1,659,173

conifers 26.0%) 145304 143,170 490,927 548,138 24,517 86,461 - -

Mixed ~ UB34ATan55 oom771 850871 576304 134579 32365 - -
(29.1%)
Bamboo 7,039 _ _ _ _ _ - -
stand (0.1%) 7,039
Un- 175413 ) . . . . .
stocked (2.8%) 175413
Jeiu 89,284 3508 5243 14079 15372 12732 13,976 0 24374
Conifers 24,03 943 1861 7.246 7669 3184 3129 - -
(269%) : : : ’ :
Non-— 29,854 _ _
o 1525 1445 4652 4971 8070 9,191
. 11,024 ) .
Mixed 0] 1040 1,937 2,181 9732 1478 1656
Bamboo 0 B B B B B B 0 B
stand (0.0%)
Un- 24374 ) ) ) . . - 24374

stocked (27.3%)

A A= 10d00 1
o I FAAxsEE AT
AAEFE 7] Wit AU T3 e AT 8 A FFo] B
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A gonz s AFEe] 4y 54 9 7Y

off
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Table 11. Forest land area (%) according to age classes and altitude

Altitude | ow 300m 301~600m  601~900m 9I~1200m > 1X0m
Age class

Total 100.0 15.6 27.0 22.3 18.0 17.1
I 4.0 2.4 1.2 0.4 - -
I 11.0 4.2 4.4 1.8 0.1 0.5
m 27.8 3.6 7.6 10.8 4.0 1.7
v 16.7 - 1.8 8.7 4.6 1.6
Vv 39.0 5.4 12.0 0.5 9.2 11.8
VI 15 - - - - 15

Table 12¢] A5 AZHFRA 2 (GIS)A] AFS g EXE ey
AEFE F% (10804 ha, 46%), A (3,629 ha, 15.4%), 27 (1,097 ha,
4.7%), T (468, 2.0%), 71chau (258, 1.1%), AWMU (90 ha, 0.4%),
B ZF S (43 ha, 0.2%), bW (39 ha, 02%)¥ o= B xsti Qo o9 o
g A= R A Bxe aud (654%), 99E (17.3%), 7IvaRuT
(15.4%), U (86%)= &3EstaL 7] wEol AFe A= Atdl Fx= of

Fooe A9 94 BEE Holum ok AYAe APBAL A% w9 ¢

=
k

9.0 ha (18.1%), %45 6.6 ha (13.3%), W45 4.6 ha (9.3%), FFavt
2.8 ha (5.6%), 7FAH+% 2.3 ha (4.6%) 2 A £X £A=2 vebskt ¥
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Al Ag Aeeus (22.8%), AZUH( 189%), =3 (186%), =34

(14.0%), oF7kA I (5.9%), AT (5.0%), L2y (4.3%) =o= 33}
of AFAGL APFs PhAAE BYFE AT G2 YYTEES wol:
Ao e
Table 12. Forest land area of conifers and non-conifers in Jeju area
conifers non—conifers
M e g WR[ e g E
1 Pinus thunbergii 10,804  46.0 | Carpinus laxiflora 17,751 35.6
2 Crytomeria japonica 3,629 154 |Quercus serrata 9,041 18.1
3 Pinus densiflora 1,097 47 |Quercus crispula 6,635 13.3
4  Abies koreana 468 2.0 |Styrax japonicus 4,634 9.3
5 Pinus rigida 258 1.1 | Quercus acutissima 2,804 5.6
6 Chamaecyparis obtusa 90 0.4 | Quercus myrsinaefolia 2,283 4.6
7 Torreya ucifera 43 0.2 | Castanopsis sieboldii 2,275 4.6
8 Pinus koraiensis 39 0.2 | Prunus sargentii 1,802 3.6
9 Other conifers 7,068  30.1 |Acer palmatum 1,630 3.3
10 Celtis sinensis 1,011 2.0
Total 23,496 100 Total 2,674,694 100

a2 500~ 1,400 mell
3ol Ao
1,400 m)e] -H=F

<

T o]

Figure 14°] GIS®] 914 REEE tehith AF Hge dopt 29892
FHoR TAUR, BYFY, F& Fol XA AT AN AGeE Be %
Agol EFH el gom AAdE R FAAZ o Tl B4 o] g e



& Hola gt

4
Y S T g @
VI : : o
'l'_" T # 4
> LS
3 .“ = i:#‘il H d
§e ‘T‘*‘F‘:S'\%.'Fu
; R
T g PR 4ol II'&NQ“ e
s R
ST 8
\tﬁé 10 0 10 Kilometers
. ! )
Fig. 14. Distribution of forest
o el 4y E ne} o] AFARLE AS FAHSE AAMo] FxE )

7] el gEpibel A A e A" Ao 2
BVOCse| FHj&d Abgel dadh Mg &8 slof Fe4d 2oz ad
Aot ek B Aol AE s 550 m el 91Xd detEge AN F
52 AAFI AAde] EFe] BVOCsE AFAs7o GolstiaM = detx
A& BVOCs WjE@FE EAsted o

wolth debEiE el AekA e £3E o7l Wsd n=Ql AHAF A4
I AFA FA A At )l FEAA A en, 2 s 900
m o] el vt M2st7] wol of g & Fol A A F ekl vh(Fig. 15).
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F(90 ha, 04%)24 FAF AANA 685%°l s)Fata, S5 FTolMes Ao
UE7F 17,800 ha (35.6%), =3 9.0 ha (18.1%), E3 U 6.6 ha (13.3%),
U 46 ha (9.3%), AFelUF 2.8 ha (5.6%)2A a5 Aol 72.1%
o dFEE Aoz e

BAe Mol Heold A, STAeld Fholth AFAGY Arpii

2) T (Abies koreana Wilson)

TR E AFE} QAARA AF G 1700 mE2el A BhitE wehe

3) AU5-(Cryptomeria japonica(L. f.) D. Don)

HURE QRol ey Aya APAYelE F2 2y $FO2 A

4) HWUYS-(Chamaecyparis obtusa Sieb. et Zucc.)

Aol AMAEA AFEe Pl A HFFoR A AU T
T sabinene® limonene ¥ EX = AEESo] Wo| wWikdle] dhyf ofEy y i
|

M, 2EH 2 4 5o AHSFeR de 85 gl
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5) 22U (Pinus densiflora Sieb. et Zucc.)
A2UF= YU g3 Jg9sEA da B Ao Exstar JAINE AT
A gel= 1,300 m AN A FE A AL AAAAE F&o] H|E ofF At

A = ol ARE JdE, Tol= Exea o, AFolMs HA s

A= WE FHolH. F= 700~900 meol

EFUFE BUTF do] g AL STelm, AouR, #& Teow 3w
X
-

oty EFUF = F&E 700~900 mollA F= A skal Q)

% isoprene Ay Fo] 7} @ FE o= HUlE I Q)

Q) Wl =Y (Styrax japonicus Siebold & Zucc.)
A = gmoldA dida Fxoe AAsta glom, Hd=29 100~1,600 m
Atolell AA g}, wf Sup

BVOCs MA#e A& F%o

i
L

FAPS FAAE Fhs AP M=

_—

o,

9) A8 Y (Quercus acutissima Carruth.)

Zol A RA HdEdgoln <o) 71 Begor b FelA <lo]

rol

7} =tk BVOCs A% ddd oz Arin 2eA 9l

10) &3 Y5 (Quercus crispula Blume)

@] FAAZA At FEH D WSS Fehd 1000 m ;A e
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2. BVOCs A3 %2 £4

7F. BVOCs AH & A

7b ARE AL v A tiASl BVOCs® WiSloll A wiEsol Ay dA=z &
u

wol fano] §l& 45 WAl 7ol wet s=g-ui7h o

Ak 7]
o=z ZF gy glth. A fanol & W Wi dFE YAAA HAF
T RS feste] Auroz wAE AR AHAY sbsdA AT o
o AW o] Ao RS U AMHAY Fuivk &olgk A9 iR 20 Lo]
el A AAsta Jom R E3S mwste] AMZET 5 Ao 4S8 A
853 gl

AW ol 7122l AA WS FRAAN wWEHe Fe AFs] gotste Ao

by
ol

= ) & 7hs%
A ol AdE & A=F sforgtt. 2 AT AEE dynamic flow
through chamber= ©]& i3] 1#ste] AA 2 A =sA Tt (Fig. 16). fH 9
B4 2 A4 4ol 50 em, WA 20 em, MW FAE 10 mmeolH o] 5]
golgk A A (157 L)# FAQ kg)= Al &st At
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£ Atk =4, 24 dE9 ulF ol A A A ot JEgs WA
Y& A WH-o = teflon coating A 2]E 3t th. 28] WPoly wpdo] A
sl F71(10 mm)e] 73 of=2¥ % H

AGH S teflon gaskite® vzt =28t}
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Dynamic flow through chamber

Regulater

Quick Connecter
I E—

Mass Flow Controller
Flowmeter

[T 7T 77777777

Adsorbent
I

Sampler(Sibata MP-X30)

=

Air tank

Sampler(Sibata MP-3300)

Fig. 16. Schematic diagram for BVOCs sampling system at the sampling site.
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Fig. 17. Sampling scene of BVOCs by using dynamic flow
through enclosure chamber.
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(60/80 mesh, Supelco Inc., USA)E A}-8-3F3 Tt Isoprenes Cy~Co7}A] A el A
o7 F#3sli= 300 mg Carbotrap 300 (60/80 mesh, Supelco Inc., USA)S A&
Skt

AW #2343 dynamic flowel 23 FAFAE Sibata A E
(Sigma MP-300, Japan)E AF&3t3o™, BVOCe Hl&&H%E A3 A= Sibata
A= (Sigma MP-30, Japan)E o]&3tt. &2HFH o w3d  (breakpoint)
9 FAHFS 1t 7] T VOCsE 100 mL/mine] F#o= Ad4dstA A
HE F JdEZ At 30EvT} tenax tube®t carbotrap 300 tubeE 1A A
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Aa AFH A A & dFdA4 dd S5 3 5 AW AAYE §

=

AAgE & enclosure el & &% AlA, AW AU F

o

=2

A7) AX7F daEd AAE &7 (2 L/min)® 3057 A7 522
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N
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Qo3 Selstua A

o Ao AAY © B4

g2 B ARG Ars WA AAEe] Az olEsa 24A7F o]y
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Table 13. Analytical conditions for ATD and GC/MS

ATD GC/MSD
Oven temp. 295C GC column Elite 1 (60mx0.25mm, 1/m)
Desorbing time and 10min, -, 5 .
flow A0mL/min Initial temp. 40 (10min)
SOId trap holding S5min Oven ramp Rate 10°C/min
ime
Cold trap high temp. 310C Final temp. 280C (10min)
Cold trap low temp. -30C Column flow 1 mL/min
Cold trap packing Tenax A  |Detector type Quadrupole
Valve and line temp. 195C, 205C |MS source temp. 230C
Inlet split off Mass range (m/z) 35~450
Outlet split off Electron energy 70 eV
Min. pressure 10psi Interface temp. 220C

80E+05

isoprene = 9664.8x
70E+05 R®=09977

0 10 20 30 40 50 60 70 80 90 100
Amount(ng)

Fig. 18. Calibration curve of isoprene.
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—‘— -
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20 30 40 50 60 70 80 90 100
Amount(ng)

Fig. 19. Calibration curves of monoterpene components.
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3. BVOCs H|&% A4
7F. BVOCs Wl& % A4 4y

@ Aele] Al B3 BVOCs W& Fe Aokl A4l fsie ¢35
WESERY ofUe 43 WA, £E3E 9 WR Ao WA olr) no)A
Matet BEIS RS A&k Abgl7p G 9l o }¥ #7890 BRISe| Algg A A

B, % 5 $agee 448w ojgd Aarxe Aost A A4

HF7F F(species)o] obd Z(genus)7|=o2 EFH7] wEo] A3 F U]+
of WiEAFE A A& 57 flo] wul A H&ste dE @AV stk
ZHBAATAY oatdl AE2E F2H wjEE w7} BEISHA ATstE wE
HE9t B2 Aol Hole FFEC USS 1T F AT o9} o] BEIS
o] WEAFE Y olgdE AL BVOCs wl&He 284 Awrt F71é7)
wj ol wjEAS el Dzttt

FPAR) Q55 A3 S5 AHEde

EE FolaAk &tk CORINAIR AltbA el 3kl 5 RF MEHE(e)=
A4 SAE = A&kl Addeta, dEE7=(Tm) B d2AE AF714

HolA 9 2 #AYH JdE AWS(Automatic Weather Sytstem) 207] A<}
ASOS(Automatic Surface Observation System) 4749 285 o] &3t}
A qtof A gk ol AAF Az FHRARTFLVNA =5l A

9
AR AnE e BAFE dEFED ST AAE AuE Ao

o ek ahubae] A QJE= BEISOIA Alws



Y. AzE BVOCs W& % A4

A4 BVOCse wWiE=e Fig. 14914 HE ukel o] AF= AAES
t}. Figure 200+ ¥ <

79 BVOCs M=% AAAAS Ax4o=z yegth 4 Foldes d=&
1

Hom YR FAYLES AGF, BAF, £FY T 16F (BYFF 8%) 1

2]a1 30x30 kme] Azlel wis]l BEISelA A& 3= BVOCs mMlEAGTE LU=
&to] BVOCs W& %S AbAstgledl, o83 @459 BVOCs W% 24
BHE AT AH AE&s7)eds Az g ert UF sha % 23 AF A
Aol BHA] @& FEF AAS A FF @A wjiEe Tt wrk LA A
FAH FE7F FL A9 BVOCs MEHe AIEE Eo|7] flslMe 7hsdt
Az AA Q] #HAst7b Fasti

a4 GIS Ate ARE ol &dte] AN A (lkmxlkm)=E #2 et on, 3
A4 8F L GISOIA AFste A8E Uz AME3ATh GISolA ARzo=z
AgetA s FgFFd dais 95 69F e mad, AlEE Ex
HHo] AFH Y FPAPHFA] FAFALEzAR DY) Ans AL §
&lth. Figure 210l ®ad 58-A4(0~300, 300~600, 600~900, 900~ 1200,
1200~1950 m) B Al 2 F2skal of 7)ol Al AASAIA AA ST &
TE HAAF ARAARZ w37 98] FEolx 9 - AE ARE o]&ste F
a8 A - AAlY] 9IRS st s ARAR AAR Assieinh 24
T 69F Foll B AFelA A5 559 BVOCs wWlEAFE AR Agstn
Um 2= BEIS WlEASTE A48kt

% ke
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SElw B9 2 B F3W PR B 2o d9BEs, 45 2
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Fig. 20. Flowchart for calculation of BVOCs emission.
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Fig. 21. Contour of 300m interval and grids.
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oX,

9 kme AAZ dAs}AT = 3 AF= FH o] xggEE Jodo
B 88x88, 3 kmo| AAE SR AFEAGY A 713 S f% =
HQl 4= 85x52, 1 km AAE FAGAH. 4SS AdS wEs Alavt #3327
2 BFE A5 2 Aol AR MM5S] 82152 Table 159 2tk
MM5 948 Agele 27 ZAAE, AGARE, EXlE A7 o] AHEEH=T
A B EAolE Ane ST AYAEAAHY] APux B 3% AFW
ARE AFESAT 27] 71 AE 2 NCEP(National Center for Environmental
Prediction)®ll 4| A& 8= FNL(Final) 225 AH&8Fith FNL A8+ A1 2
9] 1°x1°Atg = ) 6A1ZetTE A E T & 3H Q] nesting@ Aol A 2 =29
BAAZAS AASH] 913} two-way interaction nested grid system= %
L3tA k. AFAGe] 2078 AWS  (atomatic weather system) A& 2} 4719
ASOS (automatic surface observation system) A& Z ©]8€3}4] domain Dol A
A8 T3 PR oy (Fig. 22), domain Do A4l 7| AAE2E CMAQS 7]

dd AdAE 229 MCIPE olg3te] 71744 dexa=z sl

Table 14. Horizontal and vertical structures of domain for MM5

Number of horizontal

Dormain id pots - ool vertal id
X y
D1 96 96 27.0
D2 35 35 9.0 13
D3 38 38 3.0
D4 35 52 1.0
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Table 15. Configurations of MM5

Items Method
Cumulus scheme Grell
PBL scheme Pleim-Xiu
Explicit moisture scheme Mixed phase
Radition scheme RRTM longwave scheme
Shallow convective On

35

30

25

33.64 -33.6

33.5

33.5

33.44

33.4

33.31 33.3

33.29 33.2

4 AWS
® Monitoring site

Fig. 22. Map depicting the horizontal MM5 domains and
topography of the domain 4(I : Idodong, Y : Yeondong, D
: Donghongdong, G : Gosanri).
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Y. CMAQ 29 +38x4A

1 AEF 483

CMAQ E2& 93 wiE&a A5E SMOKEZ:E 95 dS Algsto] A st
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At

Table 16. Configurations for CMAQ modeling

Items Method
Horizontal resolution 1.0km
Number of horizontal grid 85(X) x 52(Y)
Vertical grid 33
Simulation period 60 hours
Grid Emission BVOCs & CAPSS data
Chemical mechanism CB-05
MM5 input domain Domain D4
Advection scheme PPM

o. CMAQ 43 44

FetetRdy s sty e FARDAN Addsts 3stet whe w7t
Yol gHAl 2+ stetgel mE wjE el AlgEolof s & Aol A AR
WS w752 CB-05 (Carbon Bond 05)2A] 15671¢] wH-&-A 7} 5171¢] 31383
ow FAEH CMAQ EHES o] &sto] #Fste o& AP A=E E487] 9

Case 1= oF AolA & <dFolA A3 Axd BVOCs M=% 181
AVOCs¢t NOx9| mj=#s 25 neste] RS A3 45t Case 2=
Ao A wEEE FAAEHY FFE aHEsA @e AtEEA &=
AVOCs¢ NOx 59 @& gk Atgoln. e 35 Ate 59 Wst
o @& BVOCs wi&% 57171 & mA= d3FS 457 A& Case 33
Case 4 73t Case 1914 A&k dAle] BVOCs vE=Fo] &F$of 7}

e AL 183 Ao}l Case 32 A% S7lo W& BVOCs Wl&% <717}



i

Ao 25%7H4 S7teks A5 wekH, Case 4= 50%7HA S7bshe BF-E

g5 AddA ol

ﬂl

Table 17. Scenarios of modeling applied in this study

ratio of BVOCs

Case Components emission
Case 1 BVOCs + AVOCs + NOx 100%
Case 2 AVOCs + NOx 0%
Case 3 BVOCs_25 + AVOCs + NOx 125%
Case 4 BVOCs_50 + AVOCs + NOx 150%
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23. Emission rates of monoterpene from

conifers(a) and broad-leaved trees(b).
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during the sampling period.
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Table 18. Comparison of isoprene emission rates for broad-leaved trees

Isoprene emission rate

Scientific name (ERs. 1eC g dw hr Y Reference
Carpinus laxiflora 0.81

Styrax japonicus 4.68

Quercus serrata 54.57 This study
Quercus acutissima 1.16

Quercus crispula 12.00

Carpinus Hornbeam <01 (2)
Quercus serrata 91.4~101.4 (18)
Quercus acutissima 0.059~0.062 (18)
Quercus agrifolia 24.0~38.7 (29)
Quercus pubescens 37.0~51.5 (29)
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Table 19. Leaf mass density(gdw/m’) used in this study

Species area spring summer  fall winter U.S.EPA
Pinus Gumsung B 3)
densiflora Mt 825 662 1542 (700)
Pinus B B - _ _ 3)
thunbergii (700)
Abies koreana - - - - - (1500)”
Chamaecyparis - - - - - (1500)”
obtusa
nytom_erla B . B - _ (1500)"
japonica
Quercus Gumsung a7y (419)  (307) - 375%
serrata M.
2)
Styrax 337) (419 (307 - 375"
japonicus
2)
Quercus (337)  (419) (307 - 375"
cruspula
Carpinusm 3)
i (337) (419) (307) - 375
laxiflora
Quercus Gumsung o5y (498)  (408) - 375"
acutissima M.

source : 1) National institute environmental research, 2005
2) used by same leaf mass density with Quercus serrata
3) Guenther, 1994

() Leaf mass density used in this study
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Table 20. Classification of species for conifers in this study

Species Scientific name

=2& Pinus thunbergii Parl.

A Cryptomeria japonica(L. f.) D. Don
AU Pinus densiflora Sieb. et Zucc.
T Abies koreana Wilson

7 Pinus rigida Mill.

Hau Chamaecyparis obtusa Sieb. et Zucc.
H] AL} Torreya nucifera (L.) Siebold & Zucc.
A Pinus koraiensis

718 A Other conifer trees

Table 21. Classification of species for conifers in Korea Forest Service

Species Scientific name

AU Pinus densiflora Sieb. et Zucc.
Y7y Pinus rigida Mill.

AL Pinus koraiensis

s Orthotomicus laricis(Fabricius)
71eF AAF Other conifer trees
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Table 22. Classification of species for broad leaved trees in this study

Species

Scientific name
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Carpinus laxiflora Siebold & Zucc.
Quercus serrata Thunberg

Quercus crispula Blume

Styrax japonicus Siebold & Zucc.

Quercus acutissima Carruth.

Quercus myrsinaefolia Blume

Castanopsis sieboldii (Makino) Hatus.
Prunus sargentii Rehder

Acer palmatum Thunb. ex Murray

Celtis sinensis Pers.

Cornus walteri F.T.Wangerin

Albizia julibrissin Durazz.

Acer pictum subsp. mono (Maxim.) Ohashi
Ulmus davidiana var. japonica (Rehder) Nakai
Lindera erythrocarpa Makino
Daphniphyllum macropodum Miq.

Meliosma oldhamii Maxim.

Carpinus cordata Blume

Maackia fauriei (H.Lev.) Takeda

Hatyarya strobilacea Sebdd & Zec war: strabilacaa for: strcbilacan
Camellia japonica L.

Betula schmidtii Regel

Mallotus japonicus (Thunb.) Muell. Arg.

Cornus controversa Hemsl. ex Prain

Broussonetia papyrifera (L.) L’'Her. ex Vent.
Cornus kousa F.Buerger ex Miquel

Elaeocarpus sylvestris var. ellipticus (Thunb.) H Hara
Ilex integra Thunb.

Cinnamomum japonicum Siebold ex Nees

Styrax obassia Siebold & Zucc.

Castanea crenata Siebold & Zucc.

Neolitsea aciculata (Blume) Koidz.

Fraxinus mandshurica Rupr.

Carpinus tschonoskii Maxim. var. tschonoskii
Viburrum odoratissimum var: auabuki (KKodh Zabel ex Runpler
Idesia polycarpa Maxim.

Quercus acuta Thunb. ex Murray for. acuta
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Table 22. continued

Species Scientific name
R LT Neolitsea sericea (Blume) Koidz.
== N SG3gdgr Maackia amurensis Rupr. & Maxim. var. amurensis
ZE U EREaies Zelkova serrata (Thunb.) Makino
A UR G g Sapium japonicum (Siebold & Zucc.) Pax & Hoffm.
B o S3gdgr Sorbus alnifolia (Siebold & Zucc.) K.Koch
e L g3gdgr Phellodendron amurense Rupr.
I - S Tilia amurensis Rupr.
Sl S3gdgr Magnolia kobus A. P. DC.
eyt Ggdad s Meliosma myriantha Siebold & Zucc.
TFAY S3Ldgr Gleditsia japonica Miq.
- S3gdgr Zanthoxylum ailanthoides Siebold & Zucc.
AU S Morus bombycis Koidz. var. bombycis
EFdUT Id9EgdF Fraxinus rhynchophylla Hance
Al - AELYTF Machilus japonica Siebold & Zucc.
BT LT Hllicium anisatum L.
Sy g3gdds Kalopanax septemlobus (Thunb. ex Murray) Koidz.
g AELYF Machilus thunbergii Siebold & Zucc.
s AELYF Dendropanax morbiferus H.Lev.
wp7h J9Lds Sorbus commixta Hedl.
=L e Cinnamomum camphora (L.) ].Presl
7hatAw A G g T Rhamnella frangulioides (Maxim.) Weberh.
FERU SG3Ldgr Aphananthe aspera (Thunb.) Planch.
BT 9SS Acer triflorum Kom.
BB B SRS s R Ilex macropoda Miq.
S AELYTF Actinodaphne lancifolia (Siebold & Zucc.) Meisn.
EagR S SG3Ldgr Quercus mongolica Fisch. ex Ledeb.
YT SG3gdgr Alnus japonica (Thunb.) Steud.
A SG3Ldgr Celtis jessoensis Koidz.
=2 SG3gdgr Stewartia pseudocamellia Maxim.
=F Ggdr Quercus variabilis Blume
drsvr G989 Melia azedarach L.
OMMAI YT I F ST Robinia pseudoacacia L.
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Table 23. Classification of species for broad leaved trees in Korea Forest Service

Species Name

R Chestnut

X2y Poplar

71et g Other broad leaved trees
S R Non-coniferous plantation

FE7 BVOCs M=% AHAst7] flal] Abge Aol AEd wEAsE
Table 24°] YEFHSATE. Table 2494 E™ monoterpene A F°] isoprene A+
noh 9538 Be WEASE Bgon, ot AT AneE vy 4TS
UERRATEY 2459 F oA monoterpened A1 FAEE whew A g
(kn), I A1ZbS(hr) 7} & 29888 kgkn *hr '& HYlow ooz g7|than

5, A, AR, WA, A0 g4, W o b

fo

Table 24. Emission factors of conifers used in this study

3)

Emission factor(kgkm *hr ')

Isoprene Monoterpene OVOCs
Pinus thunbergii” 124635 439  0.1820 1.1340 1.2950
Cryptomeria japonical) 41.864 14.7 0.3863 2.0775 1.2950
Pinus densiflord" 12.655 45 0.1890 1.2425 1.2950
Abies koreand' 5.399 19 0.5100 2.9888 2.7750
Pinus rigida” 2.976 1.0 0.0793 2.3800 1.2950
Chamaecyparis obtusa”  1.038 04 0.2065 0.3623 2.7750
Torreya nuciferam 0.496 0.2 0.7454 1.3666 0.9939
Pinus koraiensis” 0.450 0.2 0.0793 2.3800 1.2950
Other conifer trees” 94.537 333 0.7454 1.3666 0.9939

Total 284.05 100

" Emission factors calculated in this study
'3) Emission factors in CAPSS
Y Area data in GIS
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Table 25. Emission factors of broad leaved trees used in this study

) Area® Ratio Emission facgtor(kgkm “hr )
Species 9
(km®) (%) Isoprene Monoterpene OVOCs
Aoy 114.353 31.33 0.3133 0.1211 0.6937
E3us? 58.245 15.96 24.0437 0.071 0.6937
Bgus? 42.741 11.71 5.1558 0.1053 0.6937
) 29.850 8.18 2.0695 0.0737 0.8718
! 18.061 4.95 0.5463 0.0859 0.6937
ZpA 14710 4.03 29.75 0.085 0.6937
TR 14.656 4.01 0.0425 0.0425 0.6937
Ay 11611 3.18 0.0425 0.0425 0.6937
R 10.502 2.83 0.0425 0.68 0.6937
Ppi? 6.515 1.78 0.0425 0.085 0.6937
- 6.062 1.66 0.0425 0.68 0.6937
2 5.031 1.38 5.4594 0.2783 0.7425
AR B 3.574 0.93 0.0425 0.68 0.6937
=HuE? 3.439 0.94 0.0425 0.0425 0.6937
B] Z? 3.312 0.91 5.4594 0.2783 0.7425
ZAYYE 2.615 0.72 2.1124 0.3633 0.8718
gty 2.588 0.71 5.4594 0.2783 0.7425
7px b 1.946 053 0.0425 0.085 0.6937
Lupi? 1.890 0.52 5.4594 0.2783 0.7425
R 1.428 0.39 0.0793 0.476 1.295
e 1.185 0.32 9.999 1.3666 0.9939
EIR=aRET 1.174 0.32 0.0425 0.085 0.6937
o gL} 1.069 0.29 2.1124 0.3633 0.8718
Z&xuR? 0.905 0.25 0.0425 0.68 0.6937
AR 0.757 0.21 5.4594 0.2783 0.7425
Aphga? 0.729 0.20 0.0425 0.68 0.6937
whag=? 0.614 0.17 0.0425 0.0425 0.6937
egs? 0.558 0.15 0.0425 0.085 0.6937
Aehgs? 0.553 0.15 0.0425 0.0425 0.6937
Zm g e? 0.431 0.12 2.1124 0.3633 0.8718
AL 0.413 0.11 2.1124 0.3633 0.8718
A e o] ¥ 0.313 0.09 5.4594 0.2783 0.7425
Suupi? 0.235 0.06 0.0425 0.0425 0.6937
A o) 52 0.227 0.06 0.0425 0.68 0.6937
o g Lpr? 0.198 0.05 0.0425 0.0425 0.6937
o LY 0.197 0.05 0.0425 0.0425 0.6937
B A Y 0.188 0.05 29.75 0.085 0.6937
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Table 25. Continued

) Area’ Ratio Emission factor(kgkm “hr )
Species (km”®) (%) Isoprene Monoterpene OVOCs
A5 0.176 0.05 0.0425 0.0425 0.6937
ERAR R 0.168 0.05 0.0425 0.0425 0.6937
A 0.161 0.04 0.0425 0.0425 0.6937
Apghe? 0.154 0.04 0.0425 0.0425 0.6937
g 0.135 0.04 0.0425 0.0425 0.6937
g 0.133 0.04 0.0425 0.0425 0.6937
I RRRT 0.105 0.03 0.0425 0.0425 0.6937
2y? 0.104 0.03 0.0425 1.275 0.6937
e 0.104 0.03 2.1124 0.36883 0.8718
Faur? 0.092 0.03 0.0425 0.0425 0.6937
o 7] L 0.088 0.02 0.0425 0.0425 0.6937
Apuigs? 0.081 0.02 0.0425 0.085 0.6937
Yy 0.078 0.02 0.0425 0.0425 0.6937
Algg? 0.072 0.02 0.0425 0.0425 0.6937
Raypr? 0.068 0.02 0.0425 0.0425 0.6937
Sy 0.065 0.02 0.0425 0.0425 0.6937
S e? 0.064 0.02 2.1124 0.36883 0.8718
gagy? 0.064 0.02 0.0425 0.0425 0.6937
n} 7} 22 0.059 0.02 0.0425 0.0425 0.6937
) 0.041 0.01 0.0425 0.0425 0.6937
7ak] W A” 0.032 0.01 0.0425 0.0425 0.6937
Fzp? 0.028 0.01 0.0425 0.0425 0.6937
B2z 0.019 0.01 0.0425 0.0425 0.6937
EE EARA 0.016 0.00 0.0425 0.085 0.6937
Supg? 0.012 0.00 0.0425 0.0425 0.6937
A z? 0.009 0.00 29.75 0.085 0.6937
S Yy 0.009 0.00 0.0425 0.0425 0.6937
FAGE 0.009 0.00 0.0425 0.085 0.6937
e 0.008 0.00 0.0425 0.0425 0.6937
RN 0.006 0.00 29.75 0.085 0.6937
e 0.006 0.00 0.0425 0.0425 0.6937
oA - 0.004 0.00 5.95 0.085 0.6937
= 7 365.05 100.00

,1) Emission factors calculated in this study
'3) Emission factors in CAPSS
¥ Area based on growing stock(myha) of tree reported in Hardwood Forest Inventory Report of Jeju(1994).
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Fig. 44. Comparison of emission factors calculated in this study
and quoted from BEIS.
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Table 26. Comparison of emission factors calculated in this study and quoted from BEIS

Monoterpene Isoprene
: (kgkm *hr ) (kgkm *hr )
Species

measured BEIS measured BEIS
factor factor factor factor
Pinus thunbergii 1.1340 2.3800 0.1820 0.0793
Crytomeria japonica 2.0775 2.3800 0.3863 0.0793
Pinus densiflora 1.2425 2.3800 0.1890 0.0793
Abies koreana 2.9888 5.1000 0.5100 0.1700
Chamaecyparis obtusa 0.3623 0.3400 0.2065 0.1700
Carpinus laxiflora 0.1211 0.6800 0.3133 0.0425
Quercus serrata 0.071 0.085 24.0437 29.7500
Quercus crispula 0.1053 0.085 5.1558 29.7500
Styrax japonicus 0.0737 0.3688 2.0695 2.1124
Quercus acutissima 0.0859 0.0850 0.5463 29.75

Table 27. Emission factors of grassland used in this study

Emission factor(kgkm “hr ')

. Area
Species (km?)
m Isoprene Monoterpene OVOCs
grassland 243.74 0.0562 0.1405 0.0843

1. BVOCs Hl& %
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Fig. 45. Comparison of emissions of monoterpene from conifers and broad leaved trees.
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Fig. 46. Comparison of emissions of isoprene from conifers and broad leaved

trees.
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Table 28. BVOCs emissions of conifers estimated in this study

Isoprene Monoterpene OVOCs Total

Species .. ) .. ) .. ) .. )
p emission Ratio emission Ratio emission Ratio emission Ratio

(ton yr ') (%) (ton yr') (%) (ton yr') (%) (ton yr') (%)

Pinus
thunbergii 10596 214 347335 359 390.041 470 747972 405

Crytomeria 7050 149 219704 227 131012 158 357.766 194

Japorica
defg;ﬁgm 0725 15 32820 34 33606 40 67151 36
Abies 1340 27 31924 33 28857 35 62121 34
5232 0098 02 17116 18 9313 11 26527 14
Chamaccoypa- g9 02 0936 0.1 6961 08 799% 04
Zggggg 0203 04 2256 02 1641 02 4100 02
Lpmus. 0015 00 258 03 1408 02 401l 02
Other conifer 9348 503 312208 323 227.06 274 568616 308

Total 49474 100  966.887 100 829.899 100 1846.26 100
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Fig. 47. Cultivated area of conifers and its emission of BVOCs.

AFAL QA AP BGFe FFW BVOCs MEFL dotns] 913

Table 290 YelWth AA Aoz BH FHFoAE 7FE We A Ho X3

o\

o= Aozt WA E A 12.9% 209 ton yr 9l WA ZZ i

ton yr '(40.6%)< wjEate] Ao HHES HYon tgow WA £971 6
Al ZFAILE 7L 273 ton yr (169%)E wjEatE Ao e

= Aok AR st

FEeht A0E Uehgor], ot FRRe wsUAY BVOCs MEFel o

]
hints
o
2
2
2
[o
fr
T
=}
oo}
<!
o
O
w
=
rf
ol
rlo
e
i
-
S
[40
I

- 106 -



Table 29. BVOCs emissions from broad leaved trees estimated in this study

Isoprene Monoterpene OVOCs Total
No  Species emission Ratio emission Ratio emission Ratio emission Ratio
tonyr) (%) (tonyr) (%) (tonyr) (%) (onyr) (%)

1 Ao 14.980 1.566 30.641 27471 163699  29.660  209.32 12.919

2 3 567.226  59.284 8.796 7.886 83.379 15107  659.401  40.697

3 3 62.517 6.534 8.032 7.201 47.176 8.548 117.725 7.266

4 ] L 2542 2.657 4.799 4.302 53.702 9.730 83.921 5179

5 vy 4.307 0.450 3.477 3.117 25.855 4.685 33.639 2.076

6 A 238.154  24.891 3.879 3.478 31.661 5737 273694  16.892

7 FAZE 0339 0.035 1.933 1.733 31.544 5715 33.816 2.087

8 AR 0.185 0.019 0.785 0.704 16.621 3.012 17.591 1.086

9 wE U 0.167 0.017 11.363 10.187 15.034 2.724 26.564 1.639
10 S 0.104 0.011 0.881 0.790 9.326 1.690 10.311 0.636
11 oA U 0.096 0.010 8.507 7.627 8.678 1.572 17.281 1.067
12 A - 10.270 1.073 2.889 2.590 7.709 1.397 20.868 1.288
13 23 F 0.057 0.006 5.015 4.496 5116 0.927 10.188 0.629
14 =EU 0.055 0.006 0.302 0.271 4.923 0.892 5.28 0.326
15 H] E 6.761 0.707 1.902 1.705 5.075 0.920 13.738 0.848
16 =AYy 3.006 0.314 2.992 2.682 7.073 1.282 13.071 0.807
17 FoEvy 5.283 0.552 1.486 1.332 3.965 0.718 10.734 0.662
18 7hAdrgyy- 0.031 0.003 0.341 0.306 2.786 0.505 3.158 0.195
19 oL 3.858 0.403 1.085 0.973 2.896 0.525 7.839 0.484
20 =9 - 0.042 0.004 1.403 1.258 3.816 0.691 5.261 0.325
21 UL 6.448 0.674 5.025 4.505 3.654 0.662 15.127 0.934
22 Ela=at o 0.019 0.002 0.206 0.185 1.681 0.305 1.906 0.118
23 o © L 0.844 0.088 0.814 0.730 1.923 0.348 3.581 0.221
24 T 0.014 0.001 1.270 1.139 1.296 0.235 2.58 0.159
25 FA 1.545 0.161 0.435 0.390 1.160 0.210 3.14 0.194
26 A 0.012 0.001 1.023 0.917 1.044 0.189 2.079 0.128
27 T 0.014 0.001 0.081 0.073 1.322 0.240 1.417 0.087
28 Ay 0.013 0.001 0.147 0.132 1.201 0.218 1.361 0.084
29 AU 0.013 0.001 0.073 0.065 1.190 0.216 1.276 0.079
30 EHFWur 0.340 0.036 0.328 0.294 0.775 0.140 1.443 0.089
31 - 0.326 0.034 0.314 0.282 0.743 0.135 1.383 0.085
32 Agelyr 0.930 0.097 0.270 0.242 0.721 0.131 1.921 0.119
33 ErluvT 0.004 0.000 0.021 0.019 0.336 0.061 0.361 0.022
34 JRA eI F 0.004 0.000 0.319 0.286 0.325 0.059 0.648 0.040
35 ofofj 1} 0.003 0.000 0.017 0.015 0.283 0.051 0.303 0.019
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Table 29. Continued

Isoprene Monocterpene OVOCs Total
No  Species emission Ratio emission Ratio emission Ratio emission Ratio
tonyr) (%) (onyr) (%) (onyr) (%) (onyr) (%)

36 o| L 0.003 0.000 0.017 0.015 0.282 0.051 0.302 0.019
37 FHIHA 3.044 0.318 0.050 0.045 0.405 0.073 3.499 0.216
38 AT 0.004 0.000 0.023 0.021 0.379 0.069 0.406 0.025
39 Ui 4T 0.003 0.000 0.015 0.013 0.240 0.043 0.258 0.016
40 ="H4F 0.003 0.000 0.014 0.013 0.230 0.042 0.247 0.015
41 AbEFuT 0.002 0.000 0.014 0.013 0.220 0.040 0.236 0.015
42 g 0.002 0.000 0.012 0.011 0.193 0.035 0.207 0.013
43 ¥y 0.002 0.000 0.012 0.011 0.193 0.035 0.207 0.013
44 D 0.002 0.000 0.009 0.008 0.150 0.027 0.161 0.010
45 sl 0.002 0.000 0.274 0.246 0.149 0.027 0.425 0.026
46 YVERU 0.082 0.009 0.079 0.071 0.187 0.034 0.348 0.021
47 FIUF 0.001 0.000 0.008 0.007 0.132 0.024 0.141 0.009
48  HAYF 0.001 0.000 0.008 0.007 0.126 0.023 0.135 0.008
49 AR 0.001 0.000 0.014 0.013 0.116 0.021 0.131 0.008
50 EFdvET 0.001 0.000 0.007 0.006 0.112 0.020 0.12 0.007
51 Algu 0.002 0.000 0.009 0.008 0.155 0.028 0.166 0.010
52 ReuT 0.002 0.000 0.009 0.008 0.146 0.026 0.157 0.010
53 = 0.001 0.000 0.006 0.005 0.093 0.017 0.1 0.006
5 Fukhgr 0.074 0.008 0.073 0.065 0.173 0.031 0.32 0.020
55 gy 0.001 0.000 0.008 0.007 0.138 0.025 0.147 0.009
56 nl 7} & 0.001 0.000 0.005 0.004 0.084 0.015 0.09 0.006
57 b 0.001 0.000 0.005 0.004 0.088 0.016 0.094 0.006
58  7hukA H A 0.001 0.000 0.003 0.003 0.046 0.008 0.05 0.003
59  FxuF 0.000 0.000 0.002 0.002 0.040 0.007 0.042 0.003
60 HA7|UF 0.000 0.000 0.002 0.002 0.027 0.005 0.029 0.002
61 - 0.000 0.000 0.001 0.001 0.023 0.004 0.024 0.001
62  SEuT 0.000 0.000 0.002 0.002 0.026 0.005 0.028 0.002
63 AT 0.100 0.010 0.002 0.002 0.013 0.002 0.115 0.007
64 S 0.000 0.000 0.001 0.001 0.013 0.002 0.014 0.001
65  SAYF 0.000 0.000 0.002 0.002 0.013 0.002 0.015 0.001
66 =7 0.000 0.000 0.001 0.001 0.011 0.002 0.012 0.001
67  =3UF 0.067 0.007 0.001 0.001 0.009 0.002 0.077 0.005
68 "I EuT 0.000 0.000 0.001 0.001 0.009 0.002 0.01 0.001
69 Oo}7HAI - 0.009 0.001 0.001 0.001 0.006 0.001 0.016 0.001

Z A 956.799  100.00 111.541 100.00  551.915  100.00 1620.255 100.00
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Fig. 48. Area of broad leaved trees.
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Fig. 49. BVOCs emissions according to broad leaved trees.
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Table 30. Emission and composition ratio of BVOCs components according to

conifers, broad leaved trees and grassland

Isoprene Ratio Momotepene Ratio OVOCs Ratio  Total  Ratio
(ton yr') (%) (ton yr') (%) @onyr) (%) (ton yr') (%)

Conifers 49.5 4.9 966.9 829 8299 578 1,846.3 5l

broagéeezved 956.8 94.5 111.5 9.6 o019 385 1,6203 449

Grassland 5.9 0.6 87.4 7.5 52.4 3.7 145.7 4.0

Total 1,012.2 1000 1,165.8 100.0 14342 1000 3,612.2 100.0
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Fig. 60. The spatial distribution of monoterpene emission in Jeju area.
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Fig. 62. The spatial distribution of OVOCs emission in Jeju area.
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Fig. 63. The spatial distribution of BVOCs emission in Jeju area.
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Fig. 64. The spatial distribution of AVOCs emission in Jeju area.
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Fig. 66. The spatial distribution of NOx emission in Jeju area.
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Fig. 67. Monthly variations of ozone concentrations in 2008.
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Fig. 68. Monthly variation of ozone concentrations at monitoring sites of

Bulkwang, Seoul and Geyang, Incheon in 2008.
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Table 31. Number of days exceeded the 8-hr average ozone concentration of

60 ppb in 2008

No. of days exceeded 60 ppb

Total
measured
day

. Total ratio(%)
winter

fall

spring summer

Site

14.0

50
53
20
65
188

33
40

358
399
363
346
1,426

Idodong

14.8
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Fig. 69. Diurnal variations of ozone concentrations in 2008.
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Fig. 70. Diurnal variations of ozone concentrations at monitering sites

of Bulkwang, Seoul and Geyang, Incheon in 2008.
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Table 32. Meteorological data in 2008 in Jeju area

Temp. Wind speed ~ Sola radigtion R.H
Month/day (€) (ms ) (MJm °) (%)

2008 Mean 2008 Mean 2008 Mean 2008 Mean
11 11.1 8.8 2.1 3.7 1852 1221 656 64.0
13 134 9.3 24 3.8 1344 1165 618 659
4 135 120 3.3 3.4 2200 1464 364 650
15 146 134 2.0 3.3 1870 1586 639 65.0
4 17 147 141 2.6 3.3 179 1717 773 650
18 164 143 2.6 34 2687 1463 9593 66.1
28 158 159 2.3 3.2 2390 1738 664 683
5 145 172 3.6 3.3 2515 1807 523 687
7 175 173 2.5 3.2 2624 1814 485 681
5 17 174 175 19 29 2232 1781 478 708
21 187 182 2.3 2.8 2527 1820 408 70.8
25 196 190 2.1 29 2571 21.08 766 @ 70.1
1 193 195 2.1 29 1996 1845 479 721
22 2714 269 2.0 3.0 2225 1848 721 768
8 28 295 259 1.8 3.1 2185 1796 686 76.2
5} 243 245 2.9 29 2122 1318 676 76.1
8 248 241 3.1 2.8 2357 1419 649 763
10 3 21.0 203 2.2 3.0 1887 1516 623 69.1
Mean 18 185 177 24 3.2 2221 1635 60.0 69.7

Mean : Daily Average during from 1981 to 2010
Meterological data : Monthly weather report, Korea Meteorological administration
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Table 33. Number of days observed diurnal photochemical ozone pattern

among days exceeded the 8-hr average ozone concentration of 60 ppb

in 2008

No. of days observed diurnal photochemical

Days over

ozone pattern

8-hr mean

Site

fall  winter Total ratio(%)

of 60 ppb spring summer
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25.0%
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Table 34. Back trajectory results of days exceeded the 8-hr average ozone

concentration of 60 ppb at Idodong in 2008

Results of back trajectory analysis

The North Kyushu of

North or
middle of

Season

Pacific Japan

Korea
Peninsula

China

10

high layer

middle layer

Spring

low layer

high layer

middle layer

Summer

low layer
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Fall

low layer
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Total
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.
Table 35. Emissions of NOx and VOCs and ratio of VOCs to NOx

o,
o
o,

Cities & provinces NOx(ton) VOCs(ton) VOCs/NOx
Jeju 9,568 6,029 0.6
Seoul 71,493 80,855 1.1
Busan 48,552 35,641 0.7
Daegu 26,253 26,709 1.0
Incheon 46,432 54,637 1.2
Gwangju 10,746 15,530 1.4
Daejeon 17,582 17,121 1.0
Ulsan 52,119 96,626 19
Gyeonggi—do 174,227 176,946 1.0
Gangwon-do 82,970 19,035 0.2
Chungcheongbuk-do 61,721 28,774 0.5
Chungcheongnam-do 114,308 57,368 0.5
Jeollabuk—-do 36,591 30,501 0.8
Jeollanam—do 94,433 717,244 0.8
Gyeongsangbuk-do 97,455 53,393 0.5
Gyeongsangnam-do 100,654 81,448 0.8
The whole county 1,045,104 857,856 0.8

Data : National air pollutants emission of National Institute of Environmental Research(2008)

=3
JQ7F vk, MM5 EES Hrbsthr] fsiA F 24714 AWS AHE FoA
BVOCs ¥ A ¢ (3t

ox
fuj
H
2
ik
It
B
[40
r
=
o
e,
fru
=
=31
R
juto)
o
rx
ol

- 144 -



—_
(@]
(@]
8
)
_0|L
rlr
2
N
N

=2 174, 100~500 m+ olgbs #F4, 50
0~1,950 me= A HAFAE AL E s th Figure 81 R Fig. 820 AWS
SRS} TLd Ao MM5 Ed Ay AR5E YEepinh A HH
MM5 &) 7]} F& AWS ASX 9 vl A H=gh JHs Hlon =
el T Joj& AT E 712 095~096, 5 083~
08524 F5d FHdS ZAth

wASHE Ao

f

—e—Obs. Jeju meteorological administration
30 f ---®---MM5 model -
Sos
a
£
[}
=20
15
10
21 22 2324 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
Aradong
30
S 25
a
£
[0}
=20
15
10
21 22 2324 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
E orimok
30
o5
a
£
(0]
=20
15 F
10

21 22 23241 2 383 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
Time(hr)

Fig. 81. Comparison of the observed and simulated Temperatures at
three sites during the episodic days(21~22 Jul.,, 2008).

- 145 -



10
o | —@— Obs. Jeju meteorological administration
---@®---MM5 model
8 -
G
£
T 6
[0}
(6]
a 5T
2 4y
= 3
2
1
0
21 22 23241 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
10
9 F Aradong
s |
G AN
£
T 6
[0}
(6]
2 57T
247
= 3
2
1
0
21 22 23 241 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
10
9 r Eorimok
s |
@ 7L
£
T 6
[0}
(6]
2 57T
2 4
= 3
2
1
0

21 22 23 241 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
Time(hr)

Fig. 82. Comparison of the observed and simulated wind speed at
three sites during the episodic days( 21~22 Jul., 2008).
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Appendix A-1. Test of aerodynamics of Enclosure flow through chamber.
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] chamber 1, chamber 2 Z+Z} 989 %, 98.6 %<9 &%=

HE Ao vheby

Appendix A-2. Air leakage test of dynamic enclosure chamber(chamber 1)

test 1st Z2nd 3rd
1st 98 99 9
2nd 98 97 9
3rd 100 98 98
4th 98 99 100
oth 100 99 9
6th 98 98 99
7th 100 100 100
Mean 98.9 98.6 99.1
Stdev 1.0 0.9 0.6
RSD(%) 1.0 0.9 0.6

leak test pressure :

Appendix A-3. Air leakage test of dynamic enclosure chamber(chamber 2)

test 1st Z2nd 3rd
1st 98 99 98
2nd 98 99 98
3rd 98 98 99
4th 99 98 100
oth 98 99 99
6th 99 99 98
7th 99 98 99
Mean 98.4 98.6 98.7
Stdev 0.5 0.5 0.7
RSD(%) 0.5 0.5 0.7

leak test pressure :
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Appendix A-4. The recovery(%) of dynamic flow through enclosure
chamber

1soprene a-pinene B-pinene

Recovery test
recovery recovery recovery recovery recovery recovery

(10ng) (50ng) (10ng) (50ng) (10ng) (50ng)

1st 97.6 96.8 96.9 97.3 96.3 95.9
2nd 95.5 97.2 97.8 98.1 97.8 96.4
3rd 94.2 95.5 97.9 96.2 98.6 98.6
4th 95.7 95.2 95.2 95.4 97.8 98.2
oth 93.9 96.4 98.4 96.0 95.3 97.4
6th 97.1 94.8 98.3 98.5 96.9 96.3
7th 95.2 96.1 96.5 98.4 97.8 98.2
Mean 95.6 96.0 97.3 97.1 97.2 97.3
Stdev 1.4 0.9 1.2 1.3 1.1 1.1
RSD(%) 1.5 0.9 1.2 1.3 1.1 1.1
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Appendix A-5. PAR penetration of dynamic flow through enclosure chamber

Test 1st chamber 2nd chamber
1st 95.6 95.1
2nd 95.2 95.3
3rd 96.2 95.7
4th 95.9 95.2
oth 94.8 94.9
6th 95.3 96.1
7th 95.1 95.3

Mean 95.4 95.4

Stdev 0.45 0.37

RSD(%) 0.47 0.39
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Appendix A-6. Variation of air and leaf temperature according to
PAR and Sola radiation.
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Appendix A-7. Temperature variation of outdoor and

chamber and leaf during the sampling period in summer.
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MDL = t(n-1, 0.99)x S.D

o] 714 tn-1, 0.99)= WHEEA ol w3k 99% Al -3kell A o] Aol Fholtt,

73] WhE EA e - oF 3149 TE Y. A
7] o r # A7 BVOCs A=Al AErktt oz Aol ey 05
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Appendix B-1. Limit of detection and quantification for isoprene and

monoterpene
Component Metlﬁomdit?reltge)ction Qua(rll)%fci\(]:)%tion
Isoprene 05 63
a-pinene 0.5 16
B-pinene 0.5 16
d-limonene 0.5 16
a-terpinene 1 31
y—terpinene 1 31
camphene 05 16
§°-carene 1 31
a-phellandrene 1 31
B-phellandrene 1 31
myrcene 1 31
sabinene 1 31
p-cymene 1 31
T120C, 171940l AR 345 AFYS W wEE S gk
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Y. &5 B.(tenax TA, Carbotrap 300)¢] 3d4+& 2 ¥I5 &

QoA BVOCs AFAE $13l A8t tenax TA 2 Carbotrap 3009 3]+&
S #9357l 98] ATIS (Adsorbent Tube Injector System: Supelco, USA)S
o] &8tAith Y Als oA Hd s=E 183 isoprene, monoterpene %
o (a-pinene, B-pinene: 100 ng)S ATISONA F7|3kA#H S2FES 7|+
(teflon air bag)el Z+2F F2 9 FAAA L GC/MS 2 ATDO] 4

N dgFsart. 85 g FFUUN FUAE FL

M

N2
°

N

1Fo® §7

Y

‘IEr
T& B4 A3+ Appendix B-29F 2tk Appendix B-20A] HTH 98% o] g9

Appendix B-2. Recovery of isoprene and monoterpene in adsorption tube

1soprene a-pinene B-pinene

Recovery Carbotrap 300 Tenax TA Tenax TA
(%) (%) (%)
1st 98.8 99.3 99.1
2nd 98.3 99.2 99.5
3rd 99.5 99.1 99.3
4th 98.7 98.9 99.2
oth 99.3 99.5 99.3
6th 99.1 98.7 98.9
7th 98.9 98.9 98.7
Mean 98.9 99.1 99.1
Stdev 0.40 0.27 0.27
RSD(%) 0.40 0.28 0.27
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Appendix B-3. Collection efficiency of adsorption tube

Component 1?;(3‘( I(Br?g){
Isoprene 98 2
a-pinene 98 1
B-pinene 99 1
d-limonene 98 2
a-terpinene 99 BDL
y—terpinene 97 2
camphene 98 1
§°-carene 99 BDL
a-phellandrene 97 2
B-phellandrene 98 1
myrcene 98 2
sabinene 98 2
p-cymene 98 2

BDL : Below detection limit
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(Appendix B-4). Appendix B-4°lA GCel #H Fd3g =F(styrene 100 ng)ol
gk on-line systemelA #4% &S HASH 97~99 ng(H 98.0%)°e] 4%

g 3ees AT

Appendix B-4. Recovery of ATD using styrene standard gas and solution

styrene Direct injection
Test amout in

Recovery by on-line system(ng) GC/MS(ng)

Ist 98
2nd 98
3rd 97
4th 98
5th 98
100
6th 99
7th 98
Mean 98.0
Stdev 0.58
RSD(%) 0.59
2t ATISY 3+& 2 AEA
BVOCs FdE 7HA 3L ATISE o] &, xF72E Ax37] AaAe 2F7h
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5 % EHAXN(ATD)Y 3&s HAdste] ALtstaitt 73] 9
sk 3485 Fa ATISO AAdAHE +A43 23 Appendix
-5¢} Zt}. Appendix B-591A4 HEW isoprenes H it 9

T 978%¢ 4z IF&s HATh T3 73] wHE FAo o AL

isoprene°] A EFHA 1.88(N=7), a-pinene 0.87(N=7), B-pinene 0.84(N=7)=
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Appendix B-5. Recovery of ATIS for standard gas

1soprene a-pinene B-pinene

Recovery Carbotrap 300 Tenax TA Tenax TA
(%) (%) (%)
1st 97.3 98.2 97.7
2nd 95.7 97.2 97.5
3rd 96.1 96.9 98.8
4th 98.9 98.7 98.3
oth 99.6 99.1 97.5
6th 94.9 97.8 97.9
7th 98.6 97.1 96.5
Mean 97.3 97.9 97.7
Stdev 1.79 0.85 0.72
RSD(%) 1.88 0.87 0.74
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u}, B2 F 9 & (analytical precision)

BVOCs #FH& o] &3te] A HAE(ATIS>Tube>ATD—>GC/MS)oll o g
TR F84 AME HE2EES S0t sl et 27t 5
A3t A THEQH3E0E) TS FH(100 m/min) o2 RTF7FAE AXSU T AT

2 FAFBE FFAIZH S, isoprene %
monoterpene ¥ 73 HbE FAek Ao AAA @S 3 A3 Appendix
B-63 %t} Appendix B-6°lA ®HW 73] wbE BEXE Azlo] A FFHA
(RSD)+= 32~46(N=7)2 YElY F=3t 4des =ik

)

Appendix B-6. Analytical precision of isoprene and monoterpene

Component Analyt(irclzl) mass’ Precision”
Isoprene 101.5 3.5
a-pinene 98.7 4.1
B-pinene 99.4 3.6
d-limonene 101.3 3.2
a-terpinene 99.8 3.6
y—terpinene 98.7 4.3
camphene 100.5 29
§’-carene 101.3 4.6
a-phellandrene 102.1 4.1
B-phellandrene 99.4 3.2
myrcene 99.7 3.6
sabinene 101.1 4.2
p-cymene 99.5 3.6

rEFEVEE 100 ngE 73] A& BA S A Hdgk

P 96 RSD =(standard deviation +mean)x 100
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Appendix C: monoterpene A& 4 H&& %

Appendix C-1. The results of components of monoterpene emission rate for

conifers
Species Component ;ﬁﬁgleer ( ulg/[/eg%r;;/shg Max Min
a-pinene 56 0.160+0.120 0.442 0.020
B-pinene 56 0.051+0.036 0.134 0.006
camphene 56 0.026+0.022 0.077 0
p—cymene 56 0.016+0.025 0.121 0
d-limonene 56 0.020+0.019 0.083 0
Cryptomeria a-phellandrene 56 0.004+0.004 0.015 0
japonica  B-phellandrene 56 0.022+0.018  0.087 0
myrcene 56 0.033+0.024 0.087 0
§'-carene 56 0.067+0.061 0.276 0.006
sabinene 56 0.130+0.099 0.408 0.017
a-terpinene 56 0.016+£0.016 0.073 0
y—terpinene 56 0.019+0.019 0.082 0
a-pinene 56 0.274+0.197 0.795 0.025
B-pinene 56 0.082+0.056 0.247 0.008
camphene 56 0.076+0.071 0.239 0.005
p—cymene 56 0.006+£0.004 0.016 0
d-limonene 56 0.478+0.059 1.682 0.062
Abies koreana a-phellandrene 56 0.004+0.005 0.016 0
B-phellandrene 56 0.070+0.072 0.329 0.004
myrcene 56 0.035+0.024 0.085 0.002
§'-carene 56 0.010+0.005 0.026 0
sabinene 56 0.005+0.004 0.019 0
a-terpinene 56 0.002+0.001 0.007 0
y—terpinene 56 0.001+0.002 0.006 0
a-pinene 56 0.180+0.130 0.582 0.023
B-pinene 56 0.056+0.037 0.177 0.011
camphene 56 0.025+0.016 0.074 0
p-cymene 56 0.011+£0.013 0.071 0
d-limonene 56 0.050+0.054 0.209 0
pi ..a—phellandrene 56 0.004+0.004 0.017 0
inus thunbergii
B-phellandrene 56 0.117+0.092 0.428 0.014
myrcene 56 0.100+0.064 0.278 0.019
§’-carene 56 0.041+0.050 0.241 0
sabinene 56 0.023+0.017 0.077 0
a-terpinene 56 0.021+0.018 0.076 0
y—terpinene 56 0.018+0.018 0.085 0
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Appendix C-1. Continued

Species Component r?ﬁggleer (ulg/[/eg%r;;/sﬁg Max Min
a—-pinene 30 0.084+0.044 0.181 0.032
B-pinene 30 0.022+0.013 0.058 0.008
camphene 30 0.011+0.005 0.023 0.005
p-cymene 30 0.004+0.002 0.008 0
d-limonene 30 0.019+0.010 0.037 0.002
Chamaecyparis a-phellandrene 30 0.002+0.001 0.005 0
obtusa g _ppellandrene 30 0.040+0.031  0.121 0.005
myrcene 30 0.046+0.027 0.091 0.008
§°-carene 30 0.049+0.033 0.125 0.008
sabinene 30 0.011+0.007 0.026 0.002
a-terpinene 30 0.014+0.010 0.037 0
y—terpinene 30 0.009+0.006 0.020 0
a—-pinene 30 0.214+0.075 0.412 0.099
B-pinene 30 0.073+0.032 0.163 0.031
camphene 30 0.036+0.019 0.078 0.015
p-cymene 30 0.010+0.006 0.039 0.004
d-limonene 30 0.088+0.078 0.282 0.012
Pinus densiflora a-phellandrene 30 0.005+0.004 0.013 0
B-phellandrene 30 0.138+0.073 0.330 0.035
myrcene 30 0.095+0.060 0.262 0.020
§°-carene 30 0.036+0.023 0.091 0.003
sabinene 30 0.029+0.015 0.059 0.003
a—terpinene 30 0.026+0.019 0.078 0.003
y—terpinene 30 0.019+0.013 0.052 0.003
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Appendix C-2. The results of components of monoterpene emission rate for

broad leaved trees.

Species Component ;ﬁgllgleer ( ulg/[/egaél;/shg Max Min
a—pinene 40 0.053+0.031 0.124 0.014
B-pinene 40 0.021+0.018 0.073 0
camphene 40 0.005+0.006 0.020 0
p-cymene 40 0.000+0.001 0.006 0
d-limonene 40 0.026+0.035 0.119 0
Styrax a-phellandrene 40 0+0 0 0
japonicus  B-phellandrene 40  0.006+0.009  0.031 0
myrcene 40 0+0 0 0
§'—carene 40 0.000+0.001 0.006 0
sabinene 40 0.000+0.001 0.005 0
a-terpinene 40 0.001+0.017 0.006 0
y—terpinene 40 0+0 0 0
a-pinene 40 0.092+0.044 0.170 0.028
B-pinene 40 0.048+0.023 0.085 0
camphene 40 0.003+0.007 0.024 0
p-cymene 40 0+0 0 0
d-limonene 40 0.046+0.043 0.127 0
Carpinus a-phellandrene 40 0+0 0 0
laxiflora  B-phellandrene 40  0.024+0.019  0.060 0
myrcene 40 0+0 0 0
§'-carene 40 0+0 0 0
sabinene 40 0+0 0 0
a-terpinene 40 0+0 0 0
y—terpinene 40 0+0 0 0
a-pinene 40 0.055+0.037 0.144 0.006
B-pinene 40 0.022+0.016 0.064 0
camphene 40 0.003+0.005 0.019 0
p-cymene 40 0+0 0 0
d-limonene 40 0.010+0.013 0.055 0
Quercus a-phellandrene 40 0+0 0 0
serrata B-phellandrene 40 0.003£0.009 0.032 0
myrcene 40 0+0 0 0
§'—carene 40 0+0 0 0
sabinene 40 0+0 0 0
a-terpinene 40 0+0 0 0
y—terpinene 40 0+0 0 0
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Appendix C-2. continued

Species Component ;ﬁggleer (ulg/[/egaélvi/shg Max Min
a—pinene 24 0.064+0.027 0.113 0.028
B-pinene 24 0.034+£0.018 0.071 0.005
camphene 24 0+0 0 0
p-cymene 24 0+0 0 0
d-limonene 24 0.035+0.023 0.082 0.005
Ouercus a-phellandrene 24 0+0 0 0
GCULLSSIMA 5 pollandrene 24 0.0130010 0027 0
myrcene 24 0+0 0 0
§’-carene 24 0+0 0 0
sabinene 24 0+0 0 0
a-terpinene 24 0+0 0 0
y—terpinene 24 0+0 0 0
a—pinene 24 0.099+0.048 0.200 0.047
B-pinene 24 0.038+0.019 0.066 0.007
camphene 24 0.006£0.011 0.033 0
p-cymene 24 0+0 0 0
d-limonene 24 0.019+0.009 0.033 0.008
Quercus a-phellandrene 24 0+0 0 0
crispula g phellandrene 24 0+0 0 0
myrcene 24 0+0 0 0
§’-carene 24 0+0 0 0
sabinene 24 0+0 0 0
a-terpinene 24 0+0 0 0
y—terpinene 24 0+0 0 0
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Appendix E: Case 19] dg 5=
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Appendix F: Case 29| 3 =%
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