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Geochemical studies of volatile organic compounds based on

precise analyses of air and ice core samples
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Volatile organic compounds (VOC) are ubiquitously trace species in the atmosphere and
play a variety of roles in the chemistry of atmosphere, including as precursors of photochemical
smog formation, carriers of ozone-destroying halogens into the stratosphere, and radiatively ac-
tive gases that affect on the Earth’s climate system. This review summarizes our geochemical
studies regarding emission sources, transport processes, and past trend of VOC in the atmos-
phere. The major results are (1) vertical profiles of non-methane hydrocarbons over east Asia
are caused mainly by the mixing of fresh emissions with aged air masses containing reactivity-
determined amount of photochemically aged non-methane hydrocarbons, (2) atmospheric con-
centration of methyl chloride, a naturally occurring ozone-depleting substance, was relatively
constant, being similar to the present levels, during the pre-industrial Holocene, and (3) tropical
plants produce methyl chloride with a biogenic mechanism and global methyl chloride emission
by tropical plants represents 30-50% of the global emissions.

Key words: non-methane hydrocarbons, halocarbons, methyl chloride, stratospheric ozone,
stable carbon isotope ratio, tropical plants
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Fig. 1 Vertical trends of mixing ratios of ethane, acetylene, n-butane, and n-pentane and their
stable carbon isotopic ratios in air samples from the ACE-Asia research flights (solid grey
circles). Error bars of the grey circles denote 1o uncertainty of the individual isotope
measurements. Solid large circles (black) show mean mixing ratios and isotopic ratios for
intervals of 1 km altitude; horizontal error bars indicate standard deviation. V-PDB = Vi-
enna Pee Dee Belemnite (from Saito et al., 2009).
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Fig. 2 Vertical profiles of estimated photochemical
ages (solid grey circles) for (a) ethane, (b)
acetylene, (c) n-butane, and (d) n-pentane
determined from 6"C. Error bars of the solid
grey circles show overall uncertainties of the
photochemical ages calculated using the er-
ror propagation technique. Solid large cir-
cles (black) show the mean photochemical
age at intervals of 1 km altitude; horizontal
error bars indicate one standard deviation
from the mean (from Saito et al., 2009).
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Fig. 3 Average photochemical age estimated using

the 6”°C value of non-methane hydrocarbons
during the research flights versus their rate
constants for reaction with OH radicals
(from Saito et al., 2009). Error bars show
95% confidence intervals.
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Fig.4 Correlation of the photochemical ages esti-
mated from 6”C of ethane with those esti-
mated from n-butane/ethane ratios. Error
bars show overall uncertainties of the photo-
chemical ages. Curves are the calculated
photochemical ages using a very simple mix-
ing model (Fig.5). Fresh emissions mixed
with diluting air masses making up 50%,
90%, and 99% of the total volume after mix-
ing are shown (modified from Saito et al.,
2009).
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Fig.5 Apparent age of new air masses formed by
mixing equal amount of fresh emissions and
diluting air versus the age of the diluting air
masses. Ages were calculated using a very
simple mixing model and two indicators
(from Saito et al., 2009).
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Fig.6 Measured methyl chloride concentrations
and 00 values of ice (Watanabe et al.,
2003) over the past 80 kyr deduced from the
Dome Fuji ice core (open circles, Holocene
data; filled circles, last-glacial data). Dash
line indicates the methyl chloride concentra-
tions after correction for production in the
ice (from Saito et al., 2007).
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Fig. 7 Comparison of variations of methyl chloride
and Ca*>” (Watanabe et al., 2003) as a func-
tion of depth. Mean Ca®" values (open cir-
cles) over the depth intervals corresponding
to those of the methyl chloride data points
are also shown (from Saito et al., 2007).
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Fig. 8 Stable carbon isotope ratios of methyl chlo-
ride emitted from glasshouse-grown tropical
plants (from Saito and Yokouchi, 2008).
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(a)

(b)

Fig.9 Views of (a) Pasoh Forest Reserve, a primary lowland mixed forest dominated by Diptero-
carpaceae, in Peninsular Malaysia, (b) a 52 m tower at Pasoh Forest Reserve.
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Fig. 10 Measured vertical profiles of methyl chlo-
ride above the forest canopy at the Pasoh
Forest Reserve in Peninsular Malaysia in
December 2007 (from Saito et al., 2008).
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