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Photochemistry and transport of ozone in the troposphere:

Instrumentation, field measurements, and model analysis

Hiroshi TaNIMOTO *

* Asian Environment Research Group and Center for Global Environmental Research,
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16-2 Onogawa, Tsukuba, Ibaraki 305-8506, Japan

Ozone in the troposphere plays an important role in the Earth’s atmosphere. Tropospheric
ozone has increased during the past century, controlling oxidizing capacity of the atmosphere,
having detrimental effects on human health, and acting as one of greenhouse gases. The factors
controlling distributions and variations of tropospheric ozone are rather complicated due to a
number of chemical reactions and substantial lifetime in air, thus limiting comprehensive un-
derstanding of its evolution on the global scale. In addition to nitrogen oxides, volatile organic
compounds greatly contribute to chemistry and budget of tropospheric ozone. In this paper, two
topics are highlighted with respect to interaction of natural sources with tropospheric ozone:
analysis of the impacts of boreal forest fires in Siberia, and challenges toward field measure-
ments of volatile organic compounds in air and seawater.
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Fig.1 (Left) Vertical profile of O; in the Earth’s at-
mosphere. (Right) Diagram of “good ozone
versus bad ozone”, showing different roles of
stratospheric and tropospheric Os.
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Fig.2 Long-term trend of boundary-layer O; in the
northern hemisphere during the 20th cen-
tury. After Marenco et al. (1994).
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Fig.3 View of Rishiri Island Observatory.
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Fig.4 Observed time series of O; and CO mixing ratios at Rishiri Island during
1998-2004. Daily mean mixing rations (dots) are shown with the best-fit
curves (solid lines) and trends components (dashed lines).
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Fig. 5 Geographical location of Rishiri Island, and distributions and intensities of biomass burn-
ing CO emissions (dots) from the Global Fire Emissions Database (GFED) version 2 (van
der Werf et al., 2006) in April-September of 1998, 2002, and 2003. Four administrative re-
gions over Siberia (WS, western Siberia; ES, eastern Siberia; FES, far-eastern Siberia;
KAM, Kamtschatka Peninsula) are shown. Topographic elevation is expressed by gray

contours (from Tanimoto et al., 2008).
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Fig.6 Temporal variations of CO (orange, left axis) and Os (blue, right axis) mixing ratios in July
-September of 1998 and 2002, and in April-June of 2003. The data are 1-h averages. Possi-
ble forest fire plumes are numbered and hatched (from Tanimoto et al., 2008).
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Fig. 7 Scatter plots of O; versus CO mixing ratios in eight fire plumes observed at
Rishiri Island in July-September of 1998 and 2002, and in April-June of
2003. The statistically significant data are numbered by the event number,
overplotted with typical Os/CO ratios in industrially-polluted plumes from
China/Korea in April (solid) and July (dashed) 2004 (from Tanimoto et al.,

2008).
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Fig.8 Growth of ground-level O; observed compiled from measurements at remote island sta-
tions in Japan (upper panel). Also plotted are anomalies in emissions of CO from forest

fires in Siberia (lower panel).
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Fig.9 Daily distributions of CO total column derived from the AIRS satellite sensor from August
11 to 15, 2003 (from upper left to lower right). Also shown are locations and intensity of
CO emissions from Siberian wildfires derived from GFEDv 2 during August 5-20, 2003

(lower right).
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Table 1 Proton affinities of trace gases and VOCs in the atmosphere.

Proton affinity

Species Formula Molecular weight (kcal mol-")

oxygen 0O, 32 101.0

nitrogen N, 28 118.0

carbon dioxide CoO, 44 129.2

methane CH, 16 129.9

nitrous oxide N,O 44 131.4

ozone 0O, 48 149.5

water vapor H,0 18 165.0

formic acid HCOOH 46 177.3 Y

benzene C¢H, 78 179.3

methanol CH,0H 32 180.3

ethanol C,H,OH 46 185.6

acetic acid CH,COOH 60 190.2 > lonized

acetone (CH,),CO 58 194.1 | byPTR

isoprene C,Hg 68 197.5

dimethyl sulfide (CH;),S 62 198.6

ammonia NH, 17 204.0 /

a4 '7‘ | F (C3H60) (59) 5 MM (CzH402) * 1_70 o

Water vapor —|  Ion source Generation of H;O* ions 2% = (CHs0) - AV 7abir7iba—)v (CHs

Air sample ——»

Drift tube Ionization of VOC

Ton transfer region| Transport of VOC+H" ions

A4

TOFMS Detection of VOC+H" ions

Fig. 10 Detection scheme of VOC with PTR-
TOFMS instrument.
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BHROY—-21%, 757V (CH) - 2-2FV-1-7 1
~X¥ (CHy) (57), 7 ¥ (CHO) - 7a ¥+ ~

0) (1), b= (CHs) (93), ¥ ¥ L ¥ (CHuw)
(107), FYAFAUXRIE¥ Y (CHp (121), ¥+ 5
AFNNRYE Y (CuHuw) (185) LHE SN L, EE
X, =Y TARNY T L) T 7k EERIA
A L THT - 2R DD TH LD, L DILEW
PHHMTRELETHLTCwD, T, HEHel
L1350 b E W, TN AW AERHELTES
T, ALEWDENI L > TEHPERL L T ENTHho
72 (Fig. 14) . ARZE#E o # T BRIE R E R M15 C1
ppbv LT EREED SND 2 b, ZHEZH74 VOC
Z AR C R I B e 35 & L AT RIS e o 2
(Tanimoto et al., 2007b) o

F21%, FIZ & 5 TPTR-MS % JH v 72 VOC @ B4}
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RSB 2R & 5+ > DA K & ik % FITFge L
THVERIFL, ZOBRMERL > TR REPELEL
T2, T H BT D MM Bk AR R DL
HORNTR R W AR B 2 0 W 9e % L7owv & o Tnie
5Thbo TA%W, Singh et al. (2001) 12X -T
ez, B EZEO RSSO RT3l
T&ERWIEEDVOC, FiCiIt s 72 VOC (Oxy-
genated VOC, OVOC) #% {AF1ET % &\ 9 i3I
WK E LR E > 720 2 TUMETRTWVL
&, KT O VOC - OVOC 12§ 25813 < 5 5
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Fig. 11 Schematic diagram of PTR-TOFMS instrument (from Tanimoto et al.,

2007D).
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Fig. 12 View of PTR-TOFMS instrument.
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Fig. 13 A mass spectrum of seven VOCs from a
standard gas (from Inomata et al., 2006).
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Fig. 14 Temporal variations of the ion signals for the major seven mass num-
bers observed in car exhaust plume. The ionsignals plotted are peak
area for minutely data (from Tanimoto et al., 2007b).
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