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The ambient concentrations of benzene, toluene, and o-/B-pinene were measured from July, 2002 to
August, 2002 at the Gumsung mountain site in Jeonnam province. The mean concentration of benzene

for this study was 62.6 t 43.9pptv (Min. 20.4 ~ Max. 151.2 pptv), and that of toluene was 619.8
+ 330.2pptv (264.8~1,386pptv). It was observed that the concentrations of a -pinene and § -pinene
were 169.0 t 97.7pptv (72.9~396.1pptv) and 34.9 + 27.9pptv (7.5 ~95.9 pptv), respectively. The
ambient concentrations of aromatic and natural VOCs were found at the pptv level. In this study, the
toluene/benzene ratios were 13.9 + 11.2, but they were a little higher than those found in the domestic
study and approximately 5 times greater than the values in the foreign study. The B -/ a -pinene ratios
ranged between 0.05 and 0.55, and this range was found to be similar in the foreign study.
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i. Introduction

Numerous types of volatile organic compounds
(VOCs) are emitted to the atmosphere from a
variety of anthropogenic and natural sources’.
The major anthropogenic VOCs in urban areas
are emitted from various industrial and/or
transportation sources”. VOCs emitted into the
atmosphere contribute to the formation of
photochemical oxidation and deterioration of
ambient air quality. Several kinds of VOCs are
harmful to human health as carcinogenic and
toxic substances.

Recently, there has been increased interest in
the potential environmental effects of global
climatic change on the biogenic VOC emissions
from trees, and in their impact on air quality and
ozone formation®™?.

The fractional composition of ambient
monoterpene levels from many forests around the
world has been carefully examined. However, the
study results about domestic ambient
concentrations of monoterpene have seldom been
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reported.

In order to compare the characteristics of
ambient VOC distribution between anthropogenic
and biogenic VOCs, the concentration ratios of
toluene/benzene (T/B), B -/a -pinene (B8 /a ),
and a -pinene/toluene (a /T) were investigated.
Our results were compared with the previous
ones presenting the ambient levels of aromatic
and biogenic VOCs.

2. Experimental Methods

2.1 Sampling site and period

The sampling site of this study is located in Mt.
Gumsung in Jeollanamdo province and is about
20km away from Gwangju city. The site is full of
coniferous and deciduous trees and is not affected
directly by VOC emission sources. An ambient
air sample from Cryptomeria japonica forest was
obtained in Jangsung. The sampling study was
conducted from 12 July to 28 August, 2002, and
was carried out during daytime from 09:20 to
17:20. The range of the mean temperature during
the sampling period was 20.7~36.0C, and the
mean temperature was 27.8 C.

2.2 Sampling and analysis
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The adsorbent traps were used for ambient
VOC sampling at the field site. The tubes were
prepared by filling a 0.45cm o.d.x 17.7cm long
pyrex glass tube with Tenax TA (60/80 mesh,
Supelco, USA) and Carbotrap (20/40mesh,
Supelco, USA). An extensive performance test
was carried out in a laboratory at the sampling
conditions in order to see the precision and
accuracy of performance of the sample traps for
the chemicals of concern, so that 94.7%(+ 4.5%,
n=5) of recovery was obtained. Adsorbent trap
sampling was carried out at a location above
1.5m from the ground, and the sampling flow rate
and duration were 100ml/min and 4~9 hours,
respectively. R

The samples collected in the field were stored
in a refrigerator until they were analyzed. The
samples collected on cleaned sample traps were
desorbed using the commercial automated
thermal desorber (Aerotrap 6000, Tekmar,
Cincinnati, OH), and GC/MSD (HP Model
6890/5973) was used for qualitative analysis.
Aerotrap 6000 and GC/FID (HP Model 5890
Series II) system were used for quantitative
analysis. Two HP-624  columns
(60mx 0.53mmx 3 (m, 60mx 0.32mmx 1.8 /m)
were used for two separate GCs. Sensitivities
(below detection limit, 3 std. dev.) for GC/FID
analyses were less than 0.39 ng for all the
compounds concerned, and the overall precision
(RSD) was estimated as 6.7 % during the
analyses.

3. Results and Discussion

In this study, the characteristics of
representative aromatic and natural VOC
compounds ambient benzene, toluene, a —pinene,
and B -pinene concentrations were investigated.
The distribution of the ambient VOC
concentration is seen in Table 1. The mean
concentration of benzene was 62.6 £+ 43.9pptv,

and that of toluene was 619.8 + 330.2pptv. The

ambient concentrations of both benzene and

toluene were found at the pptv levels. It is
expected that the rural VOC concentration is
different from those of urban areas.

The ambient concentrations of benzene and
toluene in this study were compared with those of
other cities (Table 3). Comparison between the
ambient concentrations obtained from this rural

city and other urban cities is difficult to do
directly due to the several different factors such
as sampling site, sampling periods, and ambient
temperature. Compared with the ambient
concentrations from other cities, those of benzene
and toluene were relatively low. These suggest
the distribution of VOC concentrations in the
forest area is quite different from that of the
urban area. A measurement study in a forest
located in Hyytiala of Central Finland was very
similar to this study. Their concentration of
benzene was very close to our data of 87 (* 54)
pptv, but the concentration of toluene showed a
large difference with 55 (¥ 66) pptv.

The ambient VOC concentrations from
Cryptomeria japonica are seen in Table 2. It was
found that the concentrations of benzene and
toluene in the rural areas were much lower than
those found in the general urban area.

Table 1. A statistical summary of concentrations of
aromatic and natural VOCs (Unit: pptv, n=13)

Benzene| Toluene | a -pinene| 8 -pinene

Mean 62.6 619.8 169.0 349

S.D. 43.9 330.2 97.7 27.9

RSD (%) 70.2 533 57.8 80.1
Min 20.4 264.8 72.9 7.5
Max 151.2 1,386.2 396.1 95.9

Median | 44.8 509.5 154.0 19.7

Table 2. Ambient concentrations of VOCs in the forest
of Cryptomeria japonica (Unit: pptv)
Benzene | Toluene | a -Pinene| B -Pinene
Site A 54.1 165.0 93.5 51.7
Site B 58.4 178.0 100.8 55.7
Site C 81.1 396.9 138.5 57.2
Site D 70.4 358.2 121.0 48.9

As a summary of our study, the a -pinene and
B -pinene were measured at 169.0 £ 97.7
pptv and 349 * 279 pptv, respectively. The
mean concentration of a -pinene at the forest
site in Finland was 104 * 54 pptv (n=53), and
that of B -pinene was reported as 25 + 21
pptv (n=53). These results were similar to our
study results. The concentration pattern of a -
pinene was 1771 114 pptv in the slash pine forest
(northern Florida, USA)'?, and that of 8 -pinene
was 112t 73 pptv. Compared with their results,
the a -pinene data was similar to ours, but the
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B -pinene data was about 3 times higher than our
values.

Table 3. Ambient VOC concentrations at various cities
(Unit: ppbv)

Benzene Toluene T/B
ratio
Our study, 0.06 0.62 13.9
2002 @ 0.04) * 0.33) ’
Gwangju, 0.35 2.72 738
1999 (0.06~0.82) | (0.05~7.05) )
Kwanghwamun,
Seoul 1998 1.1 10.6 9.6
Cheongyrang,
Seoul 19987 0.75 5.8 7.7
1.63 13.0
8)
Taegu, 1999 @ 0.71) @ 12.8) 8.0
Hamburg,
Osaka? 32 8.2 2.6
London'® 1.1 22 2.0
Hyytiala Forest, ‘
Finland (iog) 324) (iog) 326) 0.6
2000-2002' ' :

was 62.6 £ 43.9 pptv, and that of toluene was
619.8 t 330.2pptv. It was observed that the
concentrations of a -pinene and 8 -pinene were
169.0 £ 97.7 pptv and 349 1 279 pptv,
respectively. The ambient concentrations of
aromatic and natural VOCs were found at the
pptv level. In this study, the toluene/benzene
ratios were 13.9 t 11.2. However, although they
were a little higher than those found in other
domestic studies, they were approximately 5
times greater than the values in the foreign
studies. The B /a ratios ranged between 0.05
and 0.55, and was found to be similar compared

to the foreign studies.
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