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Summary

Biogenic emissions from forest, crops and grasslands are now considered
major compounds in photochemical processes, affecting the production of
chemical oxidants, and possibly the formation of organic aerosols.

In Jeju Island, a forest is well preserved and trees and plant cover about
half of the whole island. Population density and industrial activity in this area
are very low. Therefore, the emissions of anthropogenic pollutants may be
ignored. In this situations, the emissions of BVOCs may play a significant
role in the atmospheric chemistry in this region. Nevertheless, no studies
have been conducted to determine the characteristics of BVOCs emissions in
this island.

The investigations presented in this study focus on how the concentrations
of monoterpenes are distributed in the atmosphere of forest. For this purpose,
field experiments are performed mainly at two different sites, one is
coniferous forest and the other in broad leaved forest. Concentrations of
BVOCs are measured in the forest atmosphere. Measurements of monoterpene
concentration are taken at 1.5m, 9m and 15m(or 12m) above ground level.
The forest canopy is situated between 11lm and 14m above ground level in
these sampling sites.

BVOCs are sampled on the absorption tubes, filled with 300mg Tenax TA.
241 air samples are taken at a rate of approximately 100m{/min with aid of a
battery powered sampling pump. At the end of the sampling works the tubes
are transported back to the laboratory for analysis with GC/MS.

A number of BVOCs are identified in the atmosphere of the broad leaved
forest. This shows that plant leaves emit a broad spectrum of organic

compounds that typically play multiple roles in plant protection.
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For the monoterpene identified in this study, a very distinct diurnal
variation is observed. It can be clearly seen that there is an increase in the
concentration of monoterpene species at night, regardless of the species of
trees.

The monoterpene concentration of ambient air in the coniferous forest is
about 2 times higher than that in the broad leaved forest. On the other hand,
the concentration at Cheju National University located at rural area is very
low and, at a city hall located at the downtown of Jeju city, not detected.

Measurements with height above ground Ilevel shows that the
concentration in the ambient air at outside of forest canopy is lower than
those below the canopy. The seasonal variations of monoterpene

concentrations are also distinct.
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Table 1. VOCs regulated in Korea

Acetaldehyde
Acetylene

Acetylene Dichloride
Acrolein
Acrylonitrile
Benzene
1,3-Butadine

Butane

1-Butene, 2-Butene

Carbon Tetrachloride

Chloroform
Cyclohexane

1,2—-dichloroethane

Diethylamine
Dimethylamine
Ethylene
Formaldehyde
n-hexane

Isopropyl alcohol
Methanol

Methyl Ethyl Ketone
Methylene Chloride

MTBE(Methyl
Teriary Butyl Ether)

Propylene
Propylene Oxide

1,1,1-trichloroethane

Trichloroethylene
gasoline
Naphtha

Crude oil

Acetic acid
Ethyl Benzene
Nitro Benzene
Toluene

Tetrachloroethylene

Xylene

Styrene
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S
SO A "W, dJE B HFA SolM F=2 wjEE 540 A =l
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N
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o('D)+ M— OCP)+ M (M= N,, O,) (2)
OCP)+ Oy+ M— O5+ M (M= Air) (3)
o('D)+ H,0—20H (4)
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Akt wE PR B AP
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J=9x10 3971
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k
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714 OCP)E wedele] dadas ousiv, J& NO.9 ZEsg, M
7] & EAste 224 JAGGE Ny, B O)8 23l giiddAe o&
AL N0 FR2HEH Agdtta £ ¢ o™ &, 2&9 A4 2 5%
& FAAZI=H VOCS NO7F 24 A% 98 vt & + 3l
ol&{¢t OH radical Fig. 204 Hox= F3} Zo] isoprene?t #S B2

hydrocarbons (RH)$} thA] w8-3le] alkyl peroxy radical (ROz-)ES A4 3hc}.

RH+ OH- — R-+ H,0 (6)

R-+OQ+MWROQ-+M (7)
a8 3 o]# 3 OH radical® thA] aldehydes (RCHO)$F wFS-3}o] acyl (RC
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ol@ A AAHE perocy radicalS NO& AjwE A w-&3te] NO,9t = thE

free radicalS WHEo] Wit}
RO, - + NO — RO - + NO, ®)
RC(0)O, - + NO — RC(0)O - + NO, 9)

VOCE OH radical?#¢] w®HES F3] AA¥ alkyl peroxy radical (RO2-),
hydroxy radical (HO: - )&= 2F(03)2] AES AgHA NOE Ao

A OFE FEE FAAALY

b [ = 420 nimy)
Oy 5
O ‘——Y\
b RCHO
, MOy il
/ o\ 7, » RCOOH

O3 ROZ»=co
WO ™~ PAN
WO
ROMNCy hi%h MO,
urban air
OH-
RO —— e e e e e e e e — -
isoprene {CEHS:'
low MO,
/ RO clean air
REDDH
ROOH» ROZ -+ = CO
R, -
HO, RCHO

Fig. 2. Reaction illustrating potential products arising from oxidation of isoprene by the OH
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42 R EANGE I AWy, FE L TP Fo) we

stainless steel®] VOCs XFeol| 714 A 872 dHAT. 7] FolA
canisterE ©]&3to] VOCsE 3 & uf t&2 F79 WA vudte] Table

29t g - BRE AL

il

l

Table 2. Advantages and disadvantages of canister sampling

Advantages Disadvantages

O Easy to be contaminated

O

Significant initial cost
O Not generally applicable to
polar VOC

O No breakthrough of target com
O Limited sample volume com

pounds .
. pared to sorbents sampling
O Relatively ease to take grab o
O Controlled storage conditions of
samples

O No artifacts
O No thermal desorption needed

temperature, pressure and RH
are required

O Bulky compared to sorbent
tubes

O The sampling procedure is hard

to automate

21} stainless steel® WEo] R %

Ho

g ol gdtel PR WYHe
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s & mom FEHS 34T, 5=H2 -14595T o]t

AT 2= 40TCo|x, wiE & F&A X9 8o 4 52 = isoprene

2) terpene
g0 AH AHES FE terpenel E o] Folx gledl 1 A&7 ozt
alcohol, aldehyde, ketone, ether, ester, acid, axide 522 vd 4 Aut® o]y
01

=22 Uy YR, AUy 5o JAGsel Bol daH

T WA At AEA ow ALELS EED ARadE AYa on Ui
o 5] BB EE terpene AEEL Ao R F7] Fd 4o At = YU &
3 wele ‘A ST dYdEHe EEEA, &Y FEE 5 AU #HE AY

terpene =9 B AA L (CsHy)n o Z isoprened] T F+%E 7|EFx=Z 7}

A A=t isoprene®] @97 EE H ) 7FA AL l=ifel webA Table 49 2

Table 4. Classification of terpene compounds

class number of isoprene unit

hemiterpene 1(CsHg)n
monoterpenes 2(CioHie)
sesquiterpenes 3(CisHz4)

diterpenes 4(CooHzp)

triterpenes 6(CsoHag)
tetraterpenes 8(CaoHza)
polyterpenes >10(CsHg)y
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bl A wlE %+ monoterpenes< % a-pinene, B-pinene, d-limonene,
a-terpinene, y-terpinene, camphene, 63—carene, a-phellandrene, B-phellandrene,
myrcene, sabinene, p-cymene & ©| AT monoterpene isoprene} ],

Aol A AH wiEE = Aol ofdel, o FHel ZlgolA wEolA A ATt

HlZs = Zox W& isoprenedl Wl 7]74FQIApel Bl o3k FaFL 714
9la Lxont wztalA wgstO g 9 FWS WS isoprened] H)
Z9e Fo] A%, monoterpene® HiEFS WL §lal, FolE dtHtE 1

%ol isoprened| H|3l| At}

o] # gt terpene WHEA ol - FiL, A FAIZo] ol di7] W JFALE
F A AER F7] Wi G orRE HE R 5F, SAEA £l =
F Aoz 1 EAHAAT Yepdrh ol#dt terpene T WEHA EH
monoterpene®] 59 EAIS Table 59 YEFWTE Table 59 UeEldl EHEL
MZ o|AAARZA p-cymenes A Uwx Z2HSL EAEFO] CpHis®
136.24g o= Zu. a2y 2 7x7F Fig. 3o YERA whel o] dEtbA 7z

1O H 2
Fal &

= = o =5 =
=2 542 =24 v& A Ll

Table 5. Chemical characteristic of monoterpene

chemical molecular o ) melting )
components 3 boiling point ] density

formula weight point
a-pinene CioHis 136.24 155~ 156 -62.0 0.858
B-pinene CioHie 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 CioHig 136.24 183 0.853
camphene CioHis 136.24 159 51~52 0.910
63-carene CioHie 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 CioHie 136.24 163~164 0.844
p-cymene CioH14 134.21 177 -68 0.857
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3) BVOCs®] % 3F

2 Ao Al W& E = BVOCsE & EAeth= A A AF=E A&
22 A=A R OEe AYEds 7HA L o] EF U sHE s=E5 As
A71a, AR EHRE AU =3 Ao A mlE% = BVOCse 2HEL T2
isoprene, terpene 52 % 3 OH radical, nitrate radical®}¢] wr$-4o] wj$ =11
lifetimeo] #rel, A9 VOCsE™ o wW=A 7] FollA Fstshitsinte<
sto] tF¥ & blue hazes FAst AR At 2450 §5Ho=
EAste] 22} F7]olo] 22 (SOA, secondary organic aerosols)S A7 &= 3
U 28 il BVOCse= AlEA] A 8] A A 7]ofst= fF711ke] A el 7]
g B olyg 2dEZe] A9 §lv & EZ v &Y FEE =4 F
AE Aoz dHA Uk

4) BVOCs HlZdl ] &4}

BVOCst= 4l& & AA oA mlEH = Zoz 7des 5 $33 8

Ao o3 wiE E7F Eebxith

(1) light and temperature

BVOCs? Hl&& Alofst= A=A A4 dAs B =9-35H4 <
A= A7}

v EAe

mﬁ
=
%0,
rlr
__\‘,1_“
ox
)
2
2
12
ko
[40
rlo
<
o
)
wn
2
1
i
i)
10
kol
ofo
oX,
=
Ap>
k1
N

(volatility), & & F71sgEe] A 4 (phase)7te =HAb (diffusion), 18]l
A-t7] AANA 7k FAES A okstal . ol A § tE AFz ol oA
VOCs HjZo] AfS whar = 47FA a4l dskS Fig. 4904 HoFa 3]

U el A B S E ATEde ALk EF Alol A2RY B, F
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Fig. 4. Four representative situations in which the BVOCs emission is constrained by different
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[e5]

| =T A o FES dAA o R Yol Hlg Adsiils

olth. A=Al BVOCs MlEA 7Hd A3 2k of 0TEA A& 229
23k 2525 7Hd w) B ARt olef o] e WEyt BVOCse]

, 718k di7ize gt Ao d¥Fs T AS &+ AnFig. 5).



= BVOCs MEe A%e Anards dedd, oz grss 9 sdes
B ope 229 REdgsd o Fojy

ofrt

External factors

Biotic Alnolic
Internal factors = Animal, plant and - Temperaturs
|« @enetic MMiCTCOrganism - I|_|gr1t e \
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=Wind
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Relative humidity

_Sturage Small temporar'; pocll 5
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A\
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= Positive and

herhivores negative feedbacks
= Wound sealing - Ozone dynamics on warming
= Attract pollinators = CO production

and herbivore = CH, lifetime

predators

= Communication
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TRENDS in Plant Science

Fig. 5. Factors driving BVOCs emissions and biological and

physico—chemical processes affected by these emissions.

(2) relative humidity
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m <79y
ANE AHAA

ATFEs S )] AQbel A oF 100kmd %= &< 59 33°10° ~ 33°34,
F7 126°10° ~1273 91 9IRSt 9= 95 3lkm, &5 73kne] EFAP 9 Aol
t}.

2 dFddA A5 A= AHAY, 24
ARt AdAgoeme AF LAWY UEFETA HALATFI AMAAYF
(Carpinus tschonoskii) ¢} =35 (Quercus serrata)= 74 = P

o]
o EPTH(SE 3342, B& 12654; X 156993.97, Y -8113.79)% H&U77F +
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Fig. 8. The location of sampling site.

Table 6. Sampling site

sampling site

Site A Coniferous forest
Site B Broad leaved forest
Site C City hall of Jeju city
Site D Cheju National University

a8 i AlEAFH = 20061 7EFH 20061 129 7HA] 670Dt 163] 9
o 5t}
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2. N8 AHTY

1) monoterpene Al & i3
o] AAHol A 7] F
sto] AEE

9]

o] &4)3l= monoterpene A HE ¢

AHAsATE. A5 AMHE sampler (Sigma MP-30(Japan))©l
300mg¢] Tenax TA(60/80mesh, Supelco Inc., USA)S XA 7 F2 o
sto] A # & A th(Fig. 9(a)).

==
ool
bt
i
o
2o
o

F2A e FE A
5

2
[
ofy
off
( iﬂ
il
K
i)

of
N}
AN
A
1o
ofl

Fig. 9. Sampler (a) and adsorption tube filled with Tenax TA (b).

NEE AFse 2Ho2E 27149 F$%2 a4 T
o] Fold wE Eold F AZFEY Hsts dotr 7] 9%
AN ES A& ZAE AT 2o® e 5 A

Az, Aol A Ui Folo] wE FxwsE &

Ad A4
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Table 7. The height of sampling point

sampling height

sampling site

coniferous tree broad leaved tree
bottom 1.5m 1.5m
middle 9m 9m
upper 15m 12m

Stainless A& 2] B yFol njdol & T2y AZAAA 1
A ABANFH ZAE wgdol dste AAA &9 DAHA = YHeRE 7+ XA
S Alg5E AQFH AT

o] A A5 AMAE F T =7t P w1 W o] U B Az

A Y124 HHFEH 5 4]0 AAIs3IH

T oHAAE AGFek Tl T Fehe] ARbel WE Fk WIE A
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Fig. 11. STS-25(Sequential Tube Sampler).

24N A sm AFAdAE 422 FF o2 o] AlRE AFHE g en, od
AbgE &A= 9A 300mge Tenax TA (60/80 mesh, Supelco Inc., USA)o]

Roem FUFFS 50m/min = A AT

feof F2 xHow FRAHU F7IE FHAANA ARE AFHS] Ao FHB
o AHAAHQA ABAFHAE EQlstr] fElA ATIS (adsorbent tube injector
System, Supelco, 2050-ICESUP, USA) & o]&3}e] w3 &S 7] 9y
(air bag)®t F2FEE o|&ate] g A 95% o] de] xHEES HIoH
A% FAE= MDL (method detection limit) S AF&3td+=dl, 1 ng (N=7)
olgte] YF3 AHHYALS HAFYa, EAAUEE FHEFAA Fol 7.0%
(N=7)Z UEpSt)
F2re] kg s= ATC-07 (KNR(F), KOR)< ©]&3ste] 1411130 &<
(150C 10+, 200C 10+, 2507 204, 300TC 104, 330ColA 40%) =pA| A4 =

{

I

=24 50ml/min ©]749 HAA7IAE AFAIHoH ALE Ho S o3t A

HE =lst7] fstel #A1F (blank test)s 71 AT
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Fig. 12. GC/MS(Clarus 500, Perkin Elmer).

AFHT 2T ATD(auto thermal disorption, Perkin Elmer, UK)E o] &3}
o Table 8 e wpel ko] 295T oA 40me/min. 2 101t B35 -30TC
9] cold trapdl =51 thA] 310C7HA w4 71dete] @271 205T 9
transfer lineS &3 GC/MS9 injection valve(195C)%2 FHHTh T AH=EH

§ EF7Ih QoM oF o g3tel AFRANS AW AR YA Fe

=

Fig. 13. ATIS (a) and Cleaning system for adsorption tube (b).
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X
i

9] 5+ (external standard method)& ©]-&3dto] FH <k}
o] AEAE ol gsto] AF TASAT
carrier gast™ #F7F=E AFESHY] 1lml/ming FA8H 3, MS detector

Quadrupole 218 AFE3FATE QE9 F& 7 40TolA 10% S W&
BAo] Ab8¥ F2¢l Tenax TAE cleaning system< ©]-83Fo] 3207C o
A 2N e AATMAE ol &ste] E2AA FAFE Qo A sta Fe 3

WY Fr1s g E o 9Ads] AAAHAG(Fig. 13).

Table 8. Analytical conditions for ATD and GC/MS

ATD GC/MSD
Oven temp. 295C GC column Elite 1 (60mx0.25mm, 1gm)
Desorbing time and 10min, — 5 .
| Initial temp. 40°C (10min)
flow 40ml/min
Cold trap holding ) ] )
] 5min Oven ramp Rate 10°C/min
time
Cold trap high temp. 310C Final temp. 280C (10min)
Cold trap low temp. =30 Column flow 1 m¢/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 70eV
Min. pressure 10psi Interface temp. 220C
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v 23 9 1%
1. AAF% A4F d7] WY monoterpened %A

Figure 14+ AU 3 UF2 49 " A9
ZINBEE BAEe] do]A chromatograme]th. Z1HoA BH F2 P32

34 £ §7] Foll= w3 VOCs7F 23dS & 5 ds=d, o] oA

Hr

ok

monoterpene . 2+ a-pinene, B-pinene, d-limonene, a-phellandrenene & ©|
H3lom, isoprene®= FQ1E 4 Utk T3 AGTE FAEH FoA AAH
3t F7] Fo|A X a-pinene, B-pinene, Camphene 3 & 13
monoterpene®] 1 FH ATt Pio 572 2uyHF £ 7] FolA  a-pinene,
B-pinene, camphene, 83—Carene, myrcene, terpinene, limonene. p—cymene, cineol
T2 AT Hadr]E= v Holzke 7o fFHAUFolA 1998 3
19993 o terpene?] WlEF¥XE =A% Z3I} a-pinene, B-pinene, 3-carene®] #
Al terpene®] ¢F V%R AHE=Z 71 Bol] Yy 3 Y2 Alg =2t
U5 %94 NVOCs % a-pinene, B-pinene, d-limonene, B-phellandrenene,
p-cymene®| #<21% Qo1 B-phellandrenene, p-cymenes E=7F UF SrolA
AFAQ #A2 A K 3lal a-pinene, B-pineneo| tisiATF &3t r]E T,
2 AFeME & & 37 TdA 2 EA7F g2l¥ monoterpene A F ol
EIPE)

/] a-pinene, B-pinene, d-limonene, p-cymenes A A3l A& EAS A

At
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Fig. 14. Chromatogram showing the identities of BVOCs observed in broad leaved forest; (a) monoterpene and (b) Isoprene.



Figure 159+ AW 4714 AES Aoz 2 ez 37 5 555
et} Figure 159141 2™ a-pinened] 4% IAFHANA TEE 19pptvol A

543pptvel W9IE B, dAFHM = 2pptvell A 243pptve] ®SE Hol A
Hs FAstE FFd mE FXRAkel7r 2w) o] F ASE Yyt gl
d-limonene¥} p-cymene< o}F Y2 FE2 AEH AT a-pinened}t B-pinene
& Ag F7] Fo A Fx W EZo] AXw 1o HE FE7F @& d-limonene
I} p-cymene F& W3HFo] 2 Aow UYERHh AR ofF U2 =
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Fig. 15. Concentrations of monoterpene components in the atmosphere of forest.
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Figure 162 At ® ol 474 2459 F4HE detdlth ZddA B
W FFoly A-d #AGe] a-pinene®] A FF= H]Eo] 50~60%= 7 B
i1 HH5o== B-pineneol AAFTES & & vk 1¥ i d-limonenet
p-cymene 7]&o] ¥ AgHA= F7] FTAA HEFO A HA &=, 9
o 7120 Wb yFel A o] F 7hA =Ho] A mjFo] HA ¥ AL
2 Azt wEla] 2 Ao A A3 monoterpened] AEWH FAAHE HW
a-pinene > PB-pinene > d-limonene > p-cymene =2 2 UERTE %X 598

Aol A vl E 5 = monoterpene® A& FAH|7F a-pinene > B-pinene >

A

d-limonene > camphene® <o = yElyitta H sttt 181 3 52
715+ UFo A a-pinene, B-pinene, myrcene? HIE=H]Eo] HA 2 °oF [1%E
A FF AL ®ardk vf 9l il Tarvainene 572 a-pinene, B-pinene°] 7}%
o] vjZ5 o] a-pinene®] °F 60~70%, B-pinene®] °F 60~85%<¢ H| &S

&
T stth Pio 570 19981 Sl ol E2EZ oA sy $33 A

o
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= b ) 3
H7] 59 monoterpenes A3} a-pinene, B-pinene, camphene, §’-carene,

myrcene, terpinene, limonene. p-cymene, cineols A#slo] AUF FXRo=
a-pinene®} B-pinene®] ¢F 94% A= SHFE o] =t HF AYUFoA wEFEHE
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Broad leaved forest
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fall fall
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0% 0%
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winter winter

Fig. 16. Contribution ratio of monoterpene components in the atmosphere of forest.
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Fig. 17(a). Relationship between monoterpene components at coniferous forest.
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Table 9. Ambient concentrations of monoterpene at various forest sites

Site a-pinene B-pinene
Jeju, coniferous forest, (this study) 173+147 93£70
Jeju, broad leaved forest, (this study) 63+68 39+40
Gumsung Mt., 2002 169.0+97.7 34.9+27.9
Jangsung, 2001 113.4+20.3 53.4+3.8
Pochun, 2001 93.9+25.9 129.7£98.6
Portugal, Anadia, 1996 180 130
Florida, 1994~1995 125+86.3 86.3+51.7
Finland, 2000~ 2002 104+54 25+21
Taiwan, Meinong, 1998 2476831 3445+1327
Amazonia, Balbina, 1998 400 150
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Table 10. Contribution ratio of monoterpene in each sampling site

coniferous forest glassland Cheju university Cityhall
a-pinene 57.7 47.2 50.0 N.D.
B-pinene 31.0 37.7 31.8 N.D.
d-limonene 5.7 5.7 136 N.D.
p-cymene 5.6 9.4 4.6 N.D.

unit :© %
N.D. ! not detected
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Fig. 20(a). Diurnal variations of monoterpene concentrations at coniferous forest.
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Table 11. Rate constants kon and lifetimes at 298K and 760torr for selected organic

COII]DOUI’IC]SBS)
10"
Compouns
(cm molecule® s) Tropospheric lifetime”
Alkanes
CH4 0.0063 1800days
C2Hs 0.24 48days
CsHs 1.0 11days
n-C4Hio 2.3 4.6days
n-CsHjo 3.94 2.9days
n-CgHig 5.61 2.1days
n-C7Hie 7.15 1.6days
Alkenes
CoH5 5.3 2.2days
CsHg 18 15h
1-C4Hsg 31 8.9h
cis—2-C4Hs 56 5.0h
trans—2-CsHg 64 4.3h
1-pentene s 9.0h
1-hexene 37 7.5h
Biogenic
Isoprene 100 2.8h
a-pinene 54 5.1h
B-pinene 79 3.5h
Alkynes
CoHo 0.78 15days
Aromatics
Benzene 1.2 9.6days
Toluene 6 1.9days
o-Xylene 14 20h
m-Xylene 24 12h
p—Xylene 14 20h
Ethylbenzene 7.1 1.6days
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Table 12 monoterpene?] = - oF7F % WE £& mlofslaxr FIHA 7Y

filo
%

(08 : 00~20 : 00)¢} OFZFAIZFH(20 : 00~08 : 00)o] =3 monoterpened &
=2 TEEA A Aol

Table 12. Comparison of monoterpene concentration between daytime and nighttime

coniferous forest broad leaved forest
(daytime/nighttime) (daytime/nighttime)
a-pinene 309/617 134/285
B-pinene 202/617 89/208
Summer
d-limonene 61/73 21/25
p-cymene 29/38 11/12
a-pinene 87/108 23/19
B-pinene 51/86 13/14
Fall
d-limonene 21/26 4/4
p-cymene 10/10 2/2
a-pinene 10/13 1/2
B-pinene 6/11 0/1
Winter
d-limonene 2/3 0
p-cymene 0 0
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Table 13. Calculated tropospheric lifetimes of monoterpenes with respect to hydroxyl radical,

i ; - 53
nitrate radical, and ozone reactions™

[OH] [NOs]  [Os] lifetime (h) lifetime (min) lifetime (h)
(ppt)  (ppt)  (ppb) a-pinene OH a-pinene NO3; a-pinene Os

July 0.058 2506 36 3 36 4
August 0.035 1.715 28 6 53 5
September 0.029 1547 30 7 o8 5
October  0.006 2938 26 31 30 6
November 0.002 1.416 18 95 63 11
December 0.001 1.176 21 186 78 9
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Table 14. Monthly variation of monoterpene concentration with meterological condition

monoterpene
temperature insolation relative concentration(pptv)
() (M]) humidity (%) broad
coniferous
leaved
July 25.6 175 735 740 233
August 279 18.9 67.7 581 329
September 21.7 13 1" 67.7 324 158
October 19.9 14.0 61.3 196 47
November 14.8 7 58.3 130 19
December 9.0 54 60.6 34 5
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