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Abstract: From 2013 to 2014, volatile organic compounds (VOCs) were analyzed to determine biogenic volatile
organic compounds (BVOCs) and anthropogenic volatile organic compounds (AVOCs) at eight sites in Mt.
Mudeung and one site in downtown, by using a GC/Mass-ATD (automatic thermal desorber). The concentration
of terpene noted as biogenic volatile organic compounds at Pungamjeong (PA), in a forest of Chamaecyparis obtusa,
was 821 pptv, which was the highest among the eight sites. This value was followed by Wonhyogyegok (WH:
785 pptv), Norritzae (NZ, coniferous forest: 679 pptv), Dongjeokgol (DJ, mixed species forest: 513 pptv), Jangbuljae
(UB, Abies koreana: 476 pptv), and Seinbongsamgerri (SS, pine trees: 464 pptv). 11~15 species of terpene was
detected in the forest depending on the site. At PA in May, a-pinene showed the highest value, occupied 20%
of terpene followed by coumarin, sabinene, phellandrene, myrcene, borneol, eucalyptol, B-pinene, cymene, d-
limonene, y-terpinene, camphor, camphene, and mentol in the order. The mean concentrations of AVOCs were
0.74~2.52 ppbv in the forests and 3.14 ppbv in the downtown area. From May to July, the AVOCs ratios of
the downtown to each forest were 1.9~4.0. Among 10 species of AVOCs, the sum of toluene and benzene was
2.34 ppbv and occupied 75%. In June, the ratios of toluene were 44.1% at DJ site and 53.1% at JW site (downtown).
The BVOCs showed a positive correlation with the AVOCs at the forest sites (» = 0.328), which was statistically
insignificant (p = 0.184).
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Fig. 1. Sampling sites of this study at Mt. Mudeung.

= 5AAA BVOCse HIZAF 2053 EFA §
AVOCs 105, 712, Aulss, t7id 5 3371 &
3k B8 A E T AR 2ARE L 201339
Z9H (PA), L&A T (WH), U3A NZ) 5 3%,
20140l A= (D)), MABEAZ (SS), T
(JB), AL (C), EMFFH (DS) § sAHlA,
2o 2 T4 FLFESH A (IW)HlA 20149
VOCsE ZAF38II T

4
2

22 ZAX|ede| EA

F54F PA A8 S8 Hulo] o] L F71¢]
EEo] Jor, WH XM Eago= Ao 94X
4 <

2UFE T3 G957 EAH 2,
7} T2 AR} yol nuige] 80| ok, SS
AA FHE 2UF7E A T4 A3 2leiA

ulgte] g F 3ol JB XNF2 A7 900 m
AER 7P ot 71749 TS WA 5~10m =
whe Fao AT ERE Slo] HEMH EF]
shof| 2HF3 71 YA, DS AHL IE7F 470 m
2 =3 o] AlH $X|3te] HEZH EZo| 44
ik = AFoler, CJ AHL %71 290 m
2 FAaR o] 40500 279 2UETT XS
Aok 2 W P 24 Fdo A&
FHo] UF7F flo] NVOC7E 78] HEE A 9k,
FH E2o] A5t o2 AVOCse] F=7t =gkt
NVOCs®| ¥=7F 78 =39 wo] 7123 g7l
- Table 13} 23, B33 2] 270 AA 713}
071 e d8ste] B2 w28 Ak PA
AolA 2 114174 49 7]29] Hsls A A,
39 27990 161 °C, 5€ 21l 22,0 °C (&), 79 18Y
o] 27.7 °C (4 €), 94 26¥°l| 20.2°C (7}2), 11¥
19%9l] 8.9 °C (AR WAL AMAA 7]FE
w2 APdo] gds] FRE A

Table 1. Ambient Temperature and atmospheric pressure at sampling sites where the terpene concentration was the highest

during March to October

Site PA WH NZ DJ B SS DS cJ
Date 21-May-13  21-May-13  22-Jul-13  13-May-14 16-Jun-14 13-May-14 19-May-14 16-Jun-14
Temp. (°C) 21.0 22.6 28.2 22.5 26.8 239 22.0 25.5
Pressure (mmbar) 987 966 985 992 911 963 959 977
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VOCs &40 ALg-E Au]o} A 513 2 EAzAL 4.0, 8.0, 16.0, 40.0 pg/mL), B-pinene (1.8, 4.6, 9.1, 18.2,
Table 2. Sampling and analytical conditions for VOCs
Items Material Conditions Sampler or Analyzer/Maker
Samplin BVOCs 2 hr x 100 mL/min Auto (STS-25/PerkinElmer) or
ping AVOCs 30 min x 100 mL/min Manual (MP-Z30KN/Sibata)
Column flow 1.5 mL/min
TD (Thermal desorber) Both " pressure 5.0 psi TD (TurboMatrix 650/PerkinElmer)
Tube desorb. -30 °C x 10 min
Column (60 m x 0.32 mm x 3 pum) .
GC Both 50°C (5 min)— 8 °C/min— 250 °C (8 min) GC (Clarus 680/PerkinElmer)
Mass Both SIM mode MS (Clarus SQ8T/PerkinElmer)

3 SIM (Selected Ion Monitoring)

Table 3. Selected mass of SIM mode in analyzing terpene compounds

Compounds SIM mass Compounds SIM mass
o-pinene 93, 121, 136 Eucalyptol 108, 139, 154
Camphene 93, 107, 121 y-terpinene 93, 121, 136
Sabinene 93, 136 a-terpinolene 91, 121, 136
Myrcene 69, 93 Linalool 71, 93, 109, 121
B-pinene 79, 93, 121 Camphor 95, 108, 152
2-carene 93, 121, 136 Mentol 71, 95, 123, 138
Phellandrene 93, 119, 136 Borneol 95, 110, 139
o-terpinene 93, 121, 136 Citral 69, 137, 152
cymene 91, 119, 134 Thymol 135, 150
4-limonene 68, 93, 107 Coumarin 118, 146
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Table 4. Instrumental detection limit (IDL) and relative standard deviation (RSD) for the analysis of terpene by gas chromatography

(n=7)
Species a-pinene B-pinene Cymene Phellandrene Camphor
IDL (ug/mL) 031 0.43 0.53 042 0.13
RSD (%) 7.1 13.2 125 15.9 8.2
45.6 pg/mL), cymene (3.4, 8.4, 16.8, 33.6, 84.0 g/ A AEe Hmgt A7 FF o7 Y FE X o]X|
mL), phellandrene (2.8, 7.1, 14.1, 28.3, 70.7 mg/mL), T AlH | 9 x| Ete] B2 FAko] Lo]F %, DJ
camphor (1.9, 4.7, 9.4, 18.7, 46.9 pg/mL) IR AF  AHL AWz 2uF 2@ G971 A A
Aol 3t AFAFE)E 0.99 oot HEA Ager FojFo] Ho] AE7F I FUFIL
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88.3~109.3% (n=7) ]St} F So] A3 Fal (324 pptv), AA (240 pptv) 5
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LA 10~12 A 7FA| 9} .3 24 A 7}A] S 3 S
st HE3 5571 7P 2 A7, PA AA
Al A= 5¢€9l 821 pptv(parts per trillion volume), WH
A G ME 590 785 pptv, NZ A F = 744
679 pptv ©1QA 2L, DI A F M= 599 513 pptv, JB
A - = 69l 476 pptv, SS A HoA = 5€
464 pptv, CI A M = 62l 307 pptv, DS A3
A= 590l 299 pptv ol ATH PAR 2 Hul g x4
Aoz vhe A X8| AL viEe] @ol §l
Aoz Fx7t /M =R, WH A HLS AlFo
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14%0] HZEF Y =4 a-pinene®] 20%= 7Hg =L,
coumarin (12%), sabinene (10%), phellandrene (8%),
myrcene (7%), borneol (6%), eucalyptol (6%), [B-pinene
(6%), cymene (6%), d-limonene (5%), y-terpinene (4%),

camphor (4%), camphene (4%), mentol (2%) T°] 2

Table 5. Variation of terpene concentration in terms of month at 8 sites unit : pptv

Month PA WH Nz DJ JB SS CJ DS
March 51 63 309 361 215 136 301 226
April 626 352 385 415 350 364 270 285
May 821 785 334 513 420 464 215 299
June 491 419 280 345 476 307 307 267
July 383 572 679 256 312 207 135 146
August 379 559 447 210 160 175 130 150
September 246 224 206 208 190 205 153 186
October 44 208 29 49 89 27 40 51
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Fig. 2. Concentration ratio of terpene materials at PA in Mt.
Mudeung.
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Fig. 3. Concentration ratio of terpene materials at DJ in Mt.
Mudeung.
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dichlorobenzene (3.7%), o-xylene (1.5%), 1,4-dichloro-
benzene (1.2%) <=°]1 1 2™, m,p-xylene, chlorobenzene,
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Fig. 6. Concentration ratio of AVOCs materials at JW site
of downtown.

ol A& toluene®] 0.93 pg/m’(26.8%), benzene©] 0.64
pg/m® (18.2%), o-xylene®] 0.62 pg/m*(17.8%), m,p-
xylene®] 0.56 pg/m’(16.0%), ethylbenzene®] 0.49 ug/
m’ (14.1%), styrene®] 022 pg/m’(6.2%) <=o|qow,
1,3-dichlorobenzene, 1,4-dichlorobenzene, chlorobenzene,
1,2-dichlorobenzene2 7 &% A &t} Atz oz
Aoy =4 ZFA toluene®] 7HE =& FTEE
71Z& =] 3L, benzene, ethylbenzene, styrene, 1,3-dichloro-
benzene, m,p-xylene, o-xylene 5°] &= A5, 7]

ojuf 79 T 71°3el IS ot 718kt
E3d F=7t W8 4 03, 14-dichlorobenzene,

= O
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A Skt
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Fig. 7. Correlation analysis between concentrations of AVOCs
and BVOCs at Mt. Mudeung.
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