Journal of Korean Society for Atmospheric Environment
Vol. 32, No. 2, April 2016, pp.208-215

DOI: http://dx.doi.org/10.5572/KOSAE.2016.32.2.208
p-ISSN 1598-7132, e-ISSN 2383-5346

AMZA| 7] = Pinic Acid?} cis-Pinonic Acid9|
HAEE sk Hs|

Seasonal Variation of the Concentrations of Pinic Acid and
cis-Pinonic Acid in the Atmosphere over Seoul

HAH" - 0|x|0]” - HHEY - UE
Vol stel e sta $H B otu, PE AT otE $74 T 5kt
el st B o) = el sy, Yol stoj Ao sh BtatAl 4 Fetat
(2016W 29 17 A<=, 2016W 3Y 229 44,2016\ 4% 72 &)

So Hyeon Jeon", Ji Yi Lee”, Chang Hoon Jung” and Yong Pyo Kim"**
YDepartment of Environmental Science and Engineering, Ewha Womans University
?Department of Renewable Energy Convergence, Chosun University
*Department Health Management, Kyungin Women’s College

YDepartment of Chemical Engineering & Materials Science, Ewha Womans University

(Received 17 February 2016, revised 22 March 2016, accepted 7 April 2016)

Abstract

Pinic acid (PA) and cis-pinonic acid (CPA) in the atmospheric particulate matter with an aerodynamic diameter of
less than or equal to a nominal 10 um (PM,,) were analyzed for the samples collected during the period of April
2010 to April 2011 at Jongro in Seoul. Both pinic acid and cis-pinonic acid showed higher seasonal average con-
centrations in summer (PA; 18.9 ng/m’, CPA; 16.0 ng/m’) than winter (PA; 5.3 ng/m’, CPA; 5.9 ng/m’). They dis-
played a seasonal pattern associated with temperature reflecting the influence on emissions of a-pinene and
[-pinene from conifers and their photochemical reaction. These results were confirmed through Pearson correlation
coefficient between CPA, PA and O;+NO,, temperature. CPA was only correlated with n-alkanes (C,,y, C;,, Cs3)
from biogenic source. PA was correlated with n-alkanes (C,y, Cs,, C;3), n-alkanoic acid (C,,, C,,, C,,) from biogenic
source and n-alkanes (C,g, C5y, Cs,), and n-alkanoic acid (C,4, C,5) from anthropogenic source. These results showed
that the formation of PA and CPA from a-pinene and B-pinene is related to organic compounds from biogenic
source. And it is possible for PA to be effected by organic compounds from anthropogenic source.
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.M B

7] & AR 34 FIIEE 2 /U8R 2
g1 RO FEHY Utk OF F7IAES nA™
A A A=) 20~80%F AHA|5kH 2F 1,0000] Fo]
de M A718RE2 7450 3th(Ackerman et
al.,2004). |23t 7] 5o frIHEES T2 U F
7o HiEoll A wiEE=T (1) AALEAA B2
2] vj =¥ (e.g., plant wax, P&, Z7FF F), (2) U4
2 &9, 3) BEG A7IAE, () A 2744,
QAo 2 s 4 Ut (Medeiros et al., 2006). o]
12} W&o A iEE 7RSS d7] SollA &
A W35 3l 23 7] dlo2ES B = &
T} (Kroll and Seinfeld 2008). 1822 tj7] & FAH
22} 7] ofol2&& BAste] I EAS wotst
ol 71ofst= ATEEY HiEdE =55 A
A Aol gt wiE 545 nAHA o 3}eHE
< ofiste Hl AEE AT 4= 7] dizoll =
Q3}c}

Pinic acid®} cis-pinonic acid® monoterpene (ct-pin-
ene, 3-pinene)©| O, OH radical, NO, radical#}-2] A+s}k
3-8 53 A EE F23 1A (first-generation)
A EE F dluo]th(Hakola er al., 1994). a-pinene T}k
B-pinene2 W50 A v&E+= monoterpene & tHE
& AA sk AELE 53] JdgolA gol viEH
7] $o2 wl&4d a-pinened} B-pinened] AHsHHE-S-
= 53l AEE 24 f7] ofo2E2E A= dojzE
= FAote d Heoz Agshe Aoz A ot
(Loreto et al., 1996). =3t A FH 22} §7] of|oj2&L
7] SollA 59 SZ2YeE 2HE5te] 7| S o]
43S u|& 4= QltH(O’Dowd et al., 2002). 1B 2 &
t}7] % pinic acid®} cis-pinonic acid= AJ=5H4] Hj&
HollAf 7198 23 {-7] ool 2E FAY ATl 2
& glon] F 4ol A2 B Fuol AR v
299 244 A ol5ol gt A5AS g2
4> 31tk (Oliveira et al., 2007; Cheng et al., 2004). T3+
97 =Y 74 A AR BN 23 §7)
oolzZ 4ol lolAl a-pinene}t B-pinened] &
3} (ozonolysis) &2 H4Z M pinic acid?} cis-
pinonic acid7} ©]-&% 1 th(Yu et al., 1999). 1B E

ooy flo K
ofN oXx N ofl

i

2 t}7] % pinic acid®} cis-pinonic acid®] E4& Ttof
gt A2 H7] F 23 ool2E 9 S4S whefshs
of loiA AulE]7h & 4= Aok 22y ol A] pinic
acid®} cis-pinonic acidof] thet A= FAFeH AEjo]
o},

2 dFoAe 2010 4€5E 2011d 4] AA
Aol A 2Tt v AIHX] | A pinic acid, cis-pinonic
acid®] F= ¥ AZQEH HIE 2SSt E3F pinic
acid@} cis-pinonic acid @Al QoA sty FFS
£ 7 & 05, NO,, 2:=919] A7 o ok HE3}
iS4, A9 wEdoA HWiEsEHE e F
n-alkanes (C,~Cj,), n-alkanoic acids (C,;~C,,)2}+2] AF
HHAE 4319 pinic acid} cis-pinonic acid¥} ¢

o] YEAS Helstugt st

2, MY 4y

2.1 ®MF

PM,, Al gz madsy Sl 3
1A 02 24N7E B AHHAG N LA F2T A
T AR, Aedste EAYsE 24}, 3.75°N, 127.00°
E, A4 17m). QF FaE AL Fdol AAT 22
249 A% A 2 £o] BAElo] QI Aol
20109 495 20119 49717 149 5 1445 371
Z 7] (high volume air sampler; Kimoto, model 121
series) S ©0]&3}o] 527119 MEL A3}t 700 L/
mine] §=F 3to] QFsFF e 203 mm X 254 mm =
E| (Whatman, 1851-865)& A3}t BE& 450°C
2 2447t 7hdsto] HAIA ol o] Hyksto] ARG
i, FHE AEE f71EC] AA" dFrs Y
skl £4 A7A WeAe] Eustgct

2.2 24 W

AF g PM,, AR 1/4E S22 WSS
3012 BT S0 SR AFESHe] 20°Co]H 308
¢ 23] 2ETE o83t & FEE 259
F= doll= A7 A9 39 ges dd 2 24
HFEE AFIAE 9okl Az EEEH (surro-
gate standard)® myristic acid-d,, & @olFAct &
Mo ZA%EZ7](Zymark Turbo Vap 500)5 ©|-83}<]
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Table 1. Results of response factor and blank for cis-pinonic acid and pinic acid.

Calibration range

Compound name (ng/uL) Response factor RSD (%) Recovery (%) Blank (ng/pL)
cis-Pinonic acid 1.4~71.5 0.811 18 94.1 ND*
Pinic acid 14~71.5 0.136 21 97.1 ND

*ND = Not Detected.

40°CollA 100mL7HA] FEA & F=54 ) R4
= AlAsE7] H13f 045 um Y79 A-A] LE (PTEE,
PALL Science)E ©]-&5to] o sttt o 3t S5
= A A 5F7]E o838t 2F 0.5mL7kA] 2%
SHAT FEAS e HF FFYA SOuULE &
A3 A2z S A2A 3 AxE Az 4t
100 pLe}+ BSTFA 10 uLE 2¢]3}t1 7}Q7] (REACTI-
THERM #18822 Heating, module, Thermo Scientific)
£ o]-&3te] 75°Col A 903t REEAIA 3¢t

Az W f714259 A48 2 A% 242 GC-MS
(GC 7890A/MSD 5975C, Agilent Technologies)E A
34t GC 22 DB-5MS (30m X 0.25mm X 0.1 pm,
diphenyl-dimethyl polysiloxane phase)E A3},
SHE 7FAE= He (99.999%)5 ARSIt GC 2=
60°Col A 187k §-A)5kaL 4°C/mine] £E2 310°C7h
A &8 & 1587 82519t} MSE EI (Electron Ion-
ization)ol| 4] 70eVe] AEZ AW HEE (40~550 m/z) 2
BTk AR 22 9 BATAANA S48
2317l Y8 EFEA (surrogate standard; myristic
acid-d27)& o]&3}o] -2 A 4 (Response factor)S A
Absto] B ASIATHE 1). cis-Pinonic acid@} pinic acid
o] FF LgASLE 0811,0.13602 342 247+
94.1,97.1%ZS R ¢t vlEA] & (Blank filter)of| 4] &4
ddEZo] AEHEAE Fofsty| fsto] Are &
Matga g oz AR 3FS AR A48t
Stk 2 23} vigA oA BADEEE] HEH
A gskont, Cy o]3te] A5 Hig AR H Ao thsto]
F7F BAol © a757| ol o] it a7t 2
Q3}}.

3. Znt H ¥

3.1 AZEH™ s Hset
2010 4€ 5 2011 48712 SHT F 52709
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) HHR] A& A] cis-pinonic acid (CPA)®} pinic acid
(PA)Q] =T & AHBESITH CPAL g% 11.7 ng/m’
S Byon 5= W= vAES AQdstaL 19~444
ng/m'E Bt PAE B 9 7ngm’C 8 L% WY
1.6~412ng/m’E Bt F 2004 T2 Ao A<
CPAS} PAY] 5= W9 ¥ S 5L EA
et Bt 2 A Ao} vlwsilct g A+
oA CPAS] H=+ 0.0~46.5ng/m’e] WA Ha
520ng/m’E EAt o] T £ F$ = WHE
0.0~442ng/m’Gom TAQ AL =& o] 0.3~
20.4ng/m’, EA|9}F £o] E3HE Al F$ 0.6~46.5
ng/m’get. o5 53 Agol Ao CPAsEE & B
<0 ZA7F EFE A9 & Hee 3oy
A XYY st 22 AL 4 5 U B 2
Aol A9 CPA &7t thE A 2 HHHTh 1.2~
10.68] B =2 A& FsGth o2 AtolA PAY
AL 02~63ng/m’e] HYo|A HF 301 ng/m’ S B
Atk &0l A9 PAFEE 02~443ng/m’E £ Ao
A PA T £olAMY FEETE 6.5~84 § w2
Ao g Vet PAS H E3 o E A AyEoh
24~784 o & A& Flstginh

AEE Fo] HILE ¥ = CPAS PA BT o &
o F7Fetth7t Aol dske A RAth(ad
1). 42 (6~89)= H 18.9ng/m’ (PA), 16.0 ng/m’
(CPAR H 2 A Holal AZ(12~2¢¥)l= 3
+ 5.3ng/m’ (PA), 5.9 ng/m’ (CPAYS B gt} o] g3t 7
g2 ohF F 7HXE] o] fE Qg Ao E whHEr A
A= o8 2 252 sty 7] 39 231 /7]
ofo]2Eo] P == F3eHE Arshk-g-o] gy of
e} %7t Eopxl Ao g BQItH(Choi e al., 2016;
Kroll and Seinfeld 2008; Pankow 1994). = H&|= CPA
o} PAS] A& Q] a-pinened} B-pinene®] &%
W3S & 4 Aok 83 AE =2 25 & st
AEE9Y ALY R7ISEY W&ol $71s7] e
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Table. 2. Comparison of the concentration of pinic acid and cis-pinonic acid.

(unit: ng/m3)

Location Type Period Acid Average Range Reference
Golden Ears Park, Vancouver Forest 11.1 1.6~442
Cassiar Tunnel Tunnel 1.1 04~6.5 (Cheng et al
Slocan Park Urban 2010.08 CPA* 59 03~204 20%:) -
Langley Ecole Lochiel Rural 9.7 1.3~42.1
Sumas Eagle Ridge Forest/urban mixed 73 0.6~46.5
1997.07.27~ CPA 0.0~4.65 (Kavouras et
Mt. Agrafa, Greece Forest 1997.08.09 PA* 038~4.43 al., 1999)
Kejimkujik National Park, CPA 0.13~0.39 Yuetal.,
Nova scotia, Canada Forest 1996.7.5.8 PA 0.48~0.59 1999)
N 2003.3.16~ CPA 0.5~3.7 (Anttila et
Hyytidld, Finland Forest 2003.4.10 PA 02~15 al., 2005)
2000.03~ (Cheng et al.,
Toronto, Canada Urban 2002.02 CPA 24 0.54~5.6 2011)
. _ 2008.04~ CPA 3.57 0.94~8.61 (Hyder et al.,
Vavihill, Sweden 2009.04 PA 382 1.18~8.56 2012)
At _ 2008.06~ CPA 2.16 (Haque et al.,
Fairbanks, Alaska, USA 2009.06 PA 396 2016)
Wangqungsha, PRD, Rural 2007.10~ CPA 3.60 0.34~153 (Ding et al.,
South China 4 2007.11 PA 1.25 0.23~3.96 2011)
. . . 2006.05~ CPA 041~17 (Fuetal.,
Mt. Tai, Shandong, China Deciduous forest 2006.06 PA 03663 2010)
2010.04~ CPA 11.7 1.9~444 .
Jongro, Seoul, Korea Urban 2011.04 PA 97 1.6~412 This study
*CPA: cis-pinonic acid
*##PA: pinic acid.
Oﬂ 0] oﬂ U'-‘}‘E]' itl oél _/’Eoﬂ }\‘] HH%EPE a—pineneiﬂr ﬁ_pin_ 00 —@— cis-pinonic acid ==& -~ pinic acid

enee] M}&To] Z7}sto] CPAY} PAV} U £& TS
Hol Ao 2 HotEth(Loreto et al., 1996; Lamb et al.,
1987).

3.2 0; NO,, 229 dztaty|

CPAS}H PAS] Aol QlojA o]z 233
FFE F= 8UE2 0,,NO,, &=0|th. CPA%L PAE
a-pinened} B-pinene®] & H3jof &g T2 YA =
1 OH, NO, radical®] Atahih3-& FoiA= Y4t
(Christoffersen et al., 1998). 1B 2 E LA =
2%, 0, NO,, 0,+NO,9| %50} CPA, PAS] AMZHT
AE Yoi& ABAFE ol8sto] AHET Jo e
CPA%} PAS] 4 EAS AHEIA sHTH(THE 2).
0;+NO0,9| k= N0, 0,9 F32 tf &3] Ho
e AYATFE sty = A2 I £ CPA,

s
o
=Y
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Fig. 1. Variation of the daily average concentrations of
cis-pinonic acid and pinic acid in Seoul.

PASL] ATTAS 1T (Kley er al., 1994). 1
A3 AA 7|17te] d3iA O, NO,2H= F-olu|gh g3t
HAE HolA &yt 0,+NO,9| - AA 7|71
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a4l 0.389 (CPA), 0.368 (PA)E Ho|n §oju|st &
= Ko7l stloy ofgt AUBAE E AT (p-
value<0.01). &9 AL "oj& FAAF7F PA=
0.485, CPAE= 0.608S Ho] AA| 7|7 T AAATA
£ 714 AL 2 YEGTH(p-value <0.01). Cheng et al.
(2004)0l| A= Tttt EZE 4] 20009 39HE 2002
| 29712 AFHE ARE Foto] 229 0,+NOt
CPAS] A#BAE B4 A3 24zt 2FA+RY)
047,028 FHIAE FRlstglon £ AdAx:
Fol& ABAFE Fol %=, 0+ N0, f-ou|gt
FHBAE AU o] F T3 A& t7] Y PA
oF CPA g/l SlojA] oA AXFR0] &%, 05, NO,
9 FEE B9 e vk Frket AEEQ
a-pinene®} B-pinene®] Wi &EF2] $7HE Bot vk W
3 1T = Uitk 22U =9 AYA A1t
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Fig. 2. Correlation of pinic acid and cis-pinonic acid with
0,+NO, and temperature.
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wr} oFgt ATBAS 8] AL 7] 2| CPAS} PA
4o QoA T 71H5 dago] Yk Ao B
oIk,

3.3 n-Alkanes (Cx~C,,)2} n-alkanoic acids
(Cyg~Cyo)2A2| &b2tEtA|
A Aol whet CPAS} PA B/l SlofA] 33
U 71&E00 disto] &2 *lﬁ°ﬂ/‘1 =9 o

—E—%J—}—J FRBA A 2FE FL AFE J?‘E 0}
Atk I5 HlaF Z4zbe] dRE 1’410}0“] v
Z AdHA Q= n- alkanesgl— n-alkanoic acids
£ Adstglon 217 E5HA wiEd A9A wiE
oA HjEE = QRO Uiro] A7 HETA wiE
oA v EE= HEST CPA, PAC] o] A
U914 W Z QoI 2T HRIFE BAT
ok,

n-Alkanes?] 79 PA, CPAQ} R ETIZA 0 2 &L
= n-alkanes (C,, )&t Q1F 02 Hj&EEH+=
(Coen)oHe] TAE 247 EA3FATHEE 3). n-alkanest=
Z2 oh4 dAme] Aat 4H AzlA 7|9lshs ol
A WAL} Aokt A& (vascular plants)®] epicu-
ticular waxes¥}t 2 AESHA 2HAIYo|A 7]elstTH
(Simoneit ez al., 1990). £3] JEJAHALAS Z3) BA
g AS G iR 255 HolH 15 Cy, Gy,
Cy;0] gIFEES AA Sk} (Rogge et al., 1993). -2 A
Eo"}\i o]E *gﬁbLg Hﬁ?—l— %]_—'—‘Tq— Codd (C29? C3l’ C33)‘L‘—;
A" 165ng/m’ 22 7HET AL o w2 3
(21.6ng/m’, 23.1ng/m*)E B L, C,..,(Cy, Cyp, Cp)E
AGF 9. 8ng/m~‘°§ C,. 8 TE7A 2 7heT AL
o g =& 422 B h(13.1ng/m’, 14.4ng/m’) (Choi
etal., 2016). PA, CPA9} C,,,, ..., 7}9] AAA S B
A3t A3 Coo®t Foi& A4 0.404 (CPA), 0.536
(PAYE Hof T3 9 4uaAS Yei il (p-
value<0.01). 0|5 F3 AEA W3 Fol= Co2t
CPA, PA7} T2 /2 HOlAT Al A& 25 A
£33 wiEdolA 7198 QRN JUWAE 7t
e A& skt vhde C,,., I CPAE F-9ju]
T AEBAE HolA gy PAx FojE A
4= 03355 Ho| {ou|dt 4HHAE E3ih(p-val-
ue<0.01). o= BE3HA wiEA 7]Q1gk PA7L =
2 AH viEdolA wjEH= C., 2 AUHAE B

2 rlru m{N

NeA A

n-alkanes
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Table 3. Correlation between pinic acid, cis-pinonic acid and n-alkanes, n-alkanoic acids.

Pearson coefficient Correlation (Y/N)
Carbon number
Pinic acid cis-Pinonic acid Pinic acid cis-Pinonic acid

n-Alkanes

Cow Cy, Cy, Cyy 0.536%* 0.404%* Y Y

Ceven Cyg, Cyp, Gy, 0.369%* 0.166 Y N
n-Alkanoic acids

Coant Cy, Cy,, Cyy 0.441%* 0.092 Y N

Canthro Cy, Cig 0.386%* 0.156 Y N

#* The level of 0.01 (2-tailed)

ol AL= 999 AWE Hed ole wEt C,
ool ZZE A= A2 RS 4T HAE 4
S E Tk 2 A PA7E Cp W B2 F Ca Ci2t I
o]& A 0420,04768 Holw FSE o A
THAE 7= A& & 5 A}ATH(p-value<0.01).
n-Alkanoic acids®] ¢ AWESFHOZ vj&EE= n-
alkanoic acids (C,,,)2F 194 22 v& == n-alkanoic
acids ()@ LHR0] PA, CPAS}S] ATUAS 217}
BA59THE 3). n-Alkanoic acids:= tj7l] RHESHE
v &9 (epicuticular plant wax, FFo], A<, EX}, Z7}
£, 2% S)oA dEEHAY B 34 di 94,3
71 a8 Al F2 djEEch 53] YESHA ufEHolA
vl &2 7% plant wax FE|E CyollA Cy, 8] oA
TE Baprt A4l JEOE viEHT A4 H)
S9oA HiEd Afode FE ] 282 S g &
AE C, Ci0] HHEES o]E}H(Rogge et al., 1993;
Simoneit et al., 1990). Z-& A 24 AZH o] A
B BX3% A1} Can (Cyp, Cpp, Cpp) = 63.91~1241.01
ng/m’e] HelojA] ABF 323ng/m*E BHPoH 7HE,
AL =& AT (4263 ng/m’, 4134ng/mHS BT
woll 7Hg 22 = (235 4ng/m")yE E R Coo (Cos
Cip)2 50.04~868.62 ng/m’S] oA HAHF 3284
ng/m'E 290w C,, 2 s R AL 7HE &
2 BE(560.6ngm)E YA 2ol 7MY Fe &
(1742 ng/m*)E H T} (Choi et al., 2016). PA?} CPA
ool AHBAE BA% 47 C,. 8 Ffols PAE
1o AA S 0.441 (p-value<0.01)S Ho|m oF9]
FHHAE BHYou, CPAE Fou|3 ABHAE &
o] x| ¢kSktt. o]= CPA,PAS} C,,, 7t BETHA HiE
oA 78k ths 2 W3 kol ZjtE o] lSoll=

2753 2 ATE Hol Ao 3 AT
Q3 A0 HWolth E3], CPAS PAL A2 =
BEAE BYole EFstaL k2 A Ho] CPASL
PAS] g0l QlojA] A= o & 7129 g3 T
U Aol ot Q1A wiEHoNA HiEE Couo
S PA, CPAS] HBBAS BHT 23} PAL Tjols
AFAI4 0.386 (p-value <0.01)2. 2 2F5A|9F §-9u]
St FTIAE Eou CPAE A SR 4
Stk $HA n-alkanesol Al PAZ} Q1914 &4
WEE C. 0 fUE ABBAT BYEo] nalla-
noic acidsol| X &= PAZ} 1914 viZ- Aol Al 71918t C,iy
o} oluls AVUAZ A AL AT & AR
o} o]= PAZ} IR viEdolA 7dste AEE

flo =
e

o

il
ftlo
¥

¢

ojm gt A7 AU FFE T 5 U= AE ¢
4 Qo] 5 ool AR At o IoF Ao
B3Itk 3t CPASH PAZ} 22 AEAA A
o= Esta F Adio] thE JuHEAE

of CPAS}L PA FA ol QlolAl FaFe vA&=
£ 4 Yt Ao gotEd

4.2 E

2 AFoAe AEelA 2010 4€5E 2011 4
H7HA) 1 5t AFH T PM,, A&l A pinic acid (PA),
cis-pinonic acid (CPA)o|| thsto] A &A45kof A2 2]
Z:0]& F9Ql5}al pinic acid, cis-pinonic acid®] gAJ o]
FFE £ T+ de 245 "ot 05, NO,, O+
NO,, 2E9ke] Hoje ABASE o] gatel AHBEA

£ 2otk B3 02 §7153HES (n-alkanes, -
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alkanoic acids)¥}9] ArabA| Eet B4]51o] PAQF CPA
ofe] 1ol gl Sralalsict.

71 A3} PAQL CPA B o Fof =1 AZo| ¥& 7
FE Helon ol Lok & AUHAE Hof PA
2} CPAY] AFE2Q] a-pineneT} B-pinene?] vi&TF
7MY & 22 UF 2 P
A2 AT 4 ek o]of waEt Hojs Al
£ o]-&sto] JHHAE BT 21} 0, NO= 4
HTHAE HolA] ggeut 0,4+ NO,, 2=0H= v
ATHAE I 4 T U ol &= AL
gl oh= ohE oFe AHBAE 2ol AL YY) 59 PA
o} CPA gl qlolA T 712+ Fgo] EAF A
67 TohEth n-Alkanes2be] B0 A= PA?F CPA
B AEHA viEdoA wiEd AR AuuAE
Ho PAY A% AH WEANH 2T Y

A AAE 29k n-Alkanoic acids@be] AFHEA]
A= BEA wiEHolA 710g A2} AHA Hy
U4 hEE JROR o] BARS 1) CPAL
L5 FHHAE HolA Gty PAE F ¢ 25
A AATAIE BTk o] 2 53] CPA, PAQ} n-alkanes,
n-alkanoic acids7} A|A2 H3} kAL T2 2|0k ZHS
YEIH HBUNA 7)AT 2T QS T
2 Sl el PAS) A9 A9 ujEo]
A WEE ARTE foluig AUBAS S ol
sjotsty] 92t PAS AFEATS B4l gt 35
A7} o Waw o2 Az £ 2L ATE
Aol 4 711Gl B3} CPA} PAS] AFpHRkA}
T2 & 2ol CPAS PAVE A2 T8 7139 &
S g FP540] 92 Aole BerEn,

Pinic acid®} cis-pinonic acid= F2 HFS4olA 7]
Qote thEAQ 2% /7] o2 E F sz di7] F
PR Ao oA AESHA viEde] HE AR F
stz 4#A ok 24 pinic acid, cis-pinonic acid
o ohE AEETY] BAE ofF] A7t AYHA ¢
2 Aol ZFUjofl A= pinic acid®} cis-pinonic acid
of gt AF7F AR Aot avjug 25
acid®} cis-pinonic acid®] A|&Z 9] EAx} HLEZ Q]
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