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Time and space variations of the O2/N2 ratio observed over the western North pacific

using a cargo aircraft C-130H
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CO, has the most effect on the global climate change becauseh@&xhe largest positive radiative forcing (IPCC 2007). The
accurate estimation of the G@mission and loss flux are necessary to improve the prediction of the global climate change in
the future, because the variations of £€oncentration substantially contributes to the variations of the global radiative forcing.
CO, concentration varies due to the emission from the gasoline and natural gas combustion, biomass burning, and ecosyste
respiration, the absorption due to the photosynthesis, the absorption into ocean and emission from the ocean surface. In the urk
area, the variation of CQOconcentration depends on the anthropogenic emission such as the fossil fuel combustion (gasoline anc
natural gas) and background €@oncentration mainly.

We conducted the continuous measurement of carbon and oxygen isotope ratigs(de@&’C, deltd®O) using the infrared
absorption laser spectrometer. The infrared absorption laser spectrometer can continuously measi@ediditf O in high
time resolution (10 seconds). The measurement period was from July 20 to August 10, 2012 at Nagoya University. Simultane
ously, we measured the concentrations of nitrogen oxides, CO, water vapor and stable isotope ratios of water vapor (deltaD ar
delta®0). The variations of C@concentrations, deltdC and deltd®O shows the contribution of the fossil fuel combustion and
ecosystem respiration to the carbon cycle in the urban area.

Measured C@concentrations and stable isotope ratios (dé@adeltd®0) show the diurnal variation in the measurement pe-
riod. CO, concentrations decreased in the daytime and had a peak in the nighttime. On the other haA@, alettaeltd®® O had
a peak in the daytime and decreased in the nighttime. This indicates that the variations ajri@@ntration were substantially
affected by the ecosystem respiration and photosynthesis in the urban area. We conducted the keeling plot analysé€for delta
and delta®O in the nighttime to estimate the contributions of the fossil fuel combustion, biomass burning, and ecosystem respi-
ration. In addition of the keeling plot analyses, we estimated &firce from the relationship between the variations of CO and
CO;, concentrations. CO is emitted by the fossil fuel combustion and biomass burning mainly, whilge@€ated by the fossil
fuel combustion, biomass burning and ecosystem respiration. Therefore, the relationship between CQ eodc€Qration
shows CQ source; the lager ratios of CO to increment of {fm the background level (delta GPshows the contribution of
the fossil fuel combustion or biomass burning, on the other hand, the smaller ratios of CO to dekhd@®@ the contribution
of the ecosystem respiration. We will discuss the source of f&@n the analyses of the ratios of CO to delta £4hd keeling
plot.
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An evaluation of the CMAQ reproducibility of satellite tropospheric NO2 data at different

local times over East Asia
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Multiple species constraints on surface NOx emission inversion
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Satellite NO2, CO, O3, and HNO3 data are assimilated into a chemical transport model to estimate global surface NOx emis
sions and their seasonal variation in 2007. The data assimilation of data for multiple species provides comprehensive constrain
on the NOx emissions by limiting model errors in NOx chemistry. The non-NO2 data changed the regional and hemispheric
monthly total NOx emissions by 50% and 13-29%, respectively. These large changes introduced by the inclusion of non-NO?
data imply a large uncertainty in the NOx emissions inverted from NO2 data only. Compared to the emission inventories, the
estimated NOx emissions show enhanced seasonal variations with the maximum emissions at most of the northern mid-latitud
occurring 1-2 months earlier. An analysis of the background error covariance demonstrates that additional constraints from othe
chemically related species (e.g., isopren and formaldehyde) have the potential to further improve surface NOx emission analyse
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Systematic collections of stratospheric air samples have been carried out over Japan since 1985, using a balloon-borne cry
genic sampler. The stratospheric air samples have been collected almost once a year or two years at 11 assigned heights, ranc
from the tropopause to 30 - 35 km. The air samples were analyzed for various gas concentrations, such as CO2, CH4, N2(
and SF6, and their isotopes. Measurements of the stratospheric CO2 concentration are one of the most promising methods
detect possible changes in the stratospheric circulation, because chemical loss and production are negligible in the stratospht
and its long-term trend in the troposphere is propagated into the stratosphere, with some time lag. Increasing trend of the CC
concentration was clearly found at heights above 20-25 km, where the CO2 concentration becomes almost constant verticall
To clarify the difference of the secular CO2 increases between the mid-stratosphere and the troposphere, the average values
the CO2 concentration, calculated from the balloon data obtained at heights above 20-25 km, were compared with annual mes
CO2 concentrations at Mauna Loa (MLO) observed by NOAA/ESRL. The average increase rate of the CO2 concentration in the
mid-stratosphere, calculated by using a least-squares method, was 1.55(+-0.03) ppmv/year. This value is significantly smalls
than 1.73(+-0.03) ppmv/year calculated for the same period for MLO data. Considering that the mid-stratospheric CO2 concen
tration corresponds to the tropospheric values earlier by 4-5 years, the CO2 increase rate in the stratosphere should be compa
with the tropospheric values shifted by the same years. The average increase rate, thus calculated for the period 1981-20C(
was 1.62(+-0.03) for MLO data. This value is slightly smaller than those described above, due to interannual variations of COZ
increase rate in the troposphere, but still larger than the stratospheric value. These facts imply that the concentration differen
between the troposphere and mid-stratosphere gradually increased during the last 25 years. The interannual CO2 variation
the mid-stratosphere was first discovered by our balloon measurements. The secular CO2 increase in the mid-stratosphere is |
monotonous, probably due to the propagation of interannual variations in tropospheric CO2, being accompanied by time dela
The CO2 anomalies in the mid-stratosphere, calculated as deviations from the second order polynomial trend and then shifted |
-4.5 years, are fairly correlated with those in the troposphere. Such a correlation is found especially in CO2 anomalies observe
in the troposphere for a few years after 1991, which is known as the Pinatubo anomaly. This result suggests that the stratosphe
air age can be newly estimated from the phase shift of the interannual CO2 variations.
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Relationship between polar stratospheric cloud types and ozone destruction
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Unusual aerosol enhancement in Antarctic troposphere during spring
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Antarctic region is isolated from the other continents with human activities. Nevertheless, high aerosol concentrations (Antarc:
tic haze) were observed occasionally near surface at Syowa Station, Antarctica, during winter ? spring (Hara et al., JGR, 2010
Vertical distributions of the Antarctic haze were obtained in a few tethered-balloon-borne aerosol measurements and a lunche
balloon borne aerosol measurement at Syowa Station (Hara et al., ACP, 2011). Spatial features of the aerosol enhanceme
however, have not been discussed well. This study aims to elucidate spatial features of aerosol enhancement (Antarctic haz
over Syowa Station by simultaneous measurements in near surface ~ upper atmosphere. Condensation particle counter (CP
optical particle counter (OPC), and aethalometer were used to measure physical properties of aerosols near surface. Micro-pul
LIDAR (MPL) and aerosol sonde (balloon-borne OPC) were used to measure vertical distributions of aerosol particles ovel
Syowa Station in this study. Balloon-borne aerosol measurements carried out under aerosol enhanced conditions near surfe
on 14 August and 6 September, 2012. High aerosol enhanced conditions near surface on 13-16 August, 2012 were observ
immediately after storm condition. MPL measurements exhibited that aerosols were enhanced in ~ ca. 2.5 km on 13 - 16 Au
gust. In contrast, aerosol enhancement near surface on 5 - 7 September, 2012 appeared suddenly under the calm wind conditic
Although aerosol number concentrations near surface dropped markedly before the aerosol enhancement (00-15UT on 5 Septe
ber), strong aerosol enhancement was found around 1-1.5 km since 05UT on 5 September in the MPL measurements. Althou
strong aerosol enhanced layer was distributed mostly in "3km, high relative backscatter was observed occasionally in 374 km o
6 September. Here, we discuss aerosol features and distributions in the twice simultaneous measurements.
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Identification of Sources of Lead in the Atmosphere by its Speciation and Isotopic Com-

position
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1. Introduction
Recently, chemical reactions of major elements occurred in the atmosphere have been clarified, whereas those of trace met

have not. In particular, formation processes of Pb species, which is concerned to cause a health hazard, are still unclear. T
identification of species and formation process of Pb is important to evaluate the human hazards. In addition, Pb species
expected to be used as a transboundary pollution tracer, because Pb species are different depending on each emission area
this study, Pb species in size-fractionated aerosol sample were determined by XAFS spectroscopy together with the Pb isoto
ratios to identify the formation mechanisms of Pb species in aerosol.

2. Sampling and Analysis Methods

Size-fractionated aerosol samples were collected by a high-volume cascade impactor in Higashi-Hiroshima. Sampling pe

riod was from 9th Oct. 2012 to 23th Oct. 2012 (2 weeks). Candidates of Pb source in atmosphere, fly ash of municipal solic
incinerator (MSWI), heavy oil combustion, road dust and resuspension particles on the roof, were also collected. Weathere
Hiroshima-granite, which is crustal material of the sampling area, was also collected as a possible natural Pb source. Les
species were determined by X-ray absorption fine structure (XAFS) spectroscopy. Heavy metals concentrations were measur
by ICP-MS. Lead isotope ratios were determined by MC-ICP-MS with Tl doping technique after appropriate treatments.

3. Results and Discussion

Lead species were different between coarse and fine aerosol particles. Lead species in coarse aerosol particle®©were PbC
2PbCQ-Pb(OH), and Pb(NQ).. Lead sources of coarse aerosol particles can be road dust because main Pb components ir
road dust were Pb®, and 2PbC@-Pb(OH),. This result was also suggested by EFs of Cu and Sb which are good indicators
of road dust. Lead nitrate in coarse aerosol, which was not contained in road dust, might be formed by chemical reaction o
natural Pb with gas-phase HNO3 in the atmosphere. In contrast, Pb species of fine aerosol particles ¥@yeAPISTQ), and
Pb(NG;),. Major Pb sources in fine aerosol particles are fly ash of MSWI and heavy oil combustion based on the determination
of Pb species in these materials examined in this study. This result was also supported by size-distributions of Cd, Ni and V.

In our presentation, the results of Pb isotopic composition will be discussed together with Pb species in aerosol samples.

00ooD:0000o,0o00on, 00000, X0ocoooood, MC-ICP-MS
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Solubility of iron in aerosols of volcanic origin with iron speciation analysis
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In high nutrient low chlorophyll (HNLC) region, which covers 20% of the world oceans, growth of phytoplankton is limited
by iron (Fe) concentration (Martin and Fitzwater, 1988). It has been suggested that aerosols can be an important supply sour
of Fe to the HNLC region. The solubility in ocean of Fe in aerosols, in turn, depends on its chemical species, but the Fe specie
in the aerosols have not been fully clarified. Therefore, the aim of this study is to determine the Fe chemical species and it
solubility in aerosols of various sources. In particular, there have been few studies on the Fe speciation and solubility in aerosol
of volcanic origin. Thus, marine aerosol samples of volcanic origin were examined in this study. The aerosol samples were
collected from the Northwestern Pacific during research cruse of Hakuho-Maru (KH-08-2) in summer in 2008. As a result of
backward trajectory analysis for the sample (Leg.1-5) when high sulfate concentration was detected, it was suggested that t
aerosol samples was supplied from the Okmok volcano in the Aleutian Islands of Alaska as volcanic ashes. Hence, the volcan
ashes € 20, 20-32, and 32-250 micron) of Okmok volcano received from Alaska Volcano Observatory were also studied as well
as yellow dusts (CJ-1, CJ-2, and Gobi Kosa Dust) for comparison.

The Fe/Al ratio in the Leg.1-5 sample was identical to that of the volcanic ash sample, showing that the aerosols collectec
during the Leg.1-5 is supplied from the eruption of the Okmok volcano, which reinforces the suggestion by the backward trajec-
tory analysis. Sulfur K-edge XANES showed that sulfide originally contained in the volcanic ash changed into sulfate possibly
due to the alteration during the transport to the Northwestern Pacific. Iron K-edge XANES analysis showed Leg.1-5 containec
ferrinydrite (60%), magnetite (28%), and iron(ll) sulfate (12%), whereas volcanic asH&3 fhicron) contained augite (57%),
fayalite (25%), and pyrite (18%). CJ-1 and CJ-2 contained illite, ferrihydrite, and chlorite, while Gobi Kosa Dust contained illite,
ferrihydrite, and hematite. In addition, the average valence of Fe determined by pre-edge fitting of Fe K-edge XANES showec
that the ratio of ferric iron of Leg.1-5 (average valence of Fe = 2.4) is higher than that of volcanic ashes (average valence o
Fe = 2.1). These results showed aerosols of volcanic origin released into the atmosphere were altered and oxidized while beil
transported.

The total Fe concentration (T-Fe) in samples after acid decomposition and the dissolved Fe concentration (D-Fe) in sample
extracted by MQ water or simulated seawater (pH 8) were determined by ICP-AES. The Fe solubjlitheffeewas defined
as the percentage of Fe released in the solution after 24,H{%)e= (D-Fe/T-Fe) x 100. The results showed that the solubility
to seawater (FeSW) of Fe contained in the aerosol samples of volcanic origin is larger than that of yellow dusts by a factor of
more than 1000. Generally speaking, Fe solubility depends on the valence of Fe, that is, the solubility decrease with the increa:
in the ratio of ferric iron for ferrous iron. In this study, however, the Fe solubility of the aerosol samples is higher than that of
volcanic ashes mainly due to the formation of iron(ll) sulfate, highly soluble species, as shown in the XAFS spectra. This is why
volcanic ashes which originally contained insoluble Fe changed into the aerosols with high soluble Fe content.

Although the average emission of fine volcanic ash (176-256 Tg/yr; Durant et al., 2010) into the atmosphere is less than tha
of annual terrigenous dust load (1000-3000 Tg/yr; Tegen and Schepanski, 2009) by a factor of 1/10, the soluble Fe content in tf
aerosols supplied as volcanic ashes cannot be underestimated due to the very high soluble Fe content in the aerosols of volca
origin.

Keywords: Fe, speciation, solubility, aerosol, volcanic ash, dust
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Molecular distributions of organic aerosols collected over the western North Atlantic
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Mixing states of soot particles from transmission electron microscopy: their mixing state,

size, shape, and composition
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Mixing state, size, shape, and composition of atmospheric aerosol particles influence their climate and health effects. Tran:
mission electron microscopy (TEM) can magnify the particles and reveal the internal structures at a single particle scale. W
study aerosol particles collected from urban mountain sites in Japan. In this study, we focused on soot particles and their mixin
states, shape, size, and compositions of the coating materials, if any, since they absorb light and have great influence on t
climate.

Together with scanning transmission electron microscopy (STEM), which is one of the technique of TEM, and energy dis-
persive X-ray spectroscopy (EDS), which measures the composition of interest within TEM, we analyze the compositions anc
mixing states of soot particles as well as elemental distribution within individual particles. We use the STEM-EDS system that
automatically measures sizes, shape factors, and compositions of all aerosol particles within a field of view ("300 particles). Th
results suggest that “75% of soot particles were coated (internal mixture) at the mountain site (remote area) and the larger aeros
particles include the more soot particles. At the mountain site, soot particles were mostly coated by ammonium sulfate. On th
other hand, soot particles from urban site were coated by both organic aerosol and sulfate, and the ratio varied depending ¢
the time of the day. These data are useful to understand the optical properties, atmospheric lifetime, and climate effects of so
particles and to improve climate modeling.

gogobo:b0bboog,bboood
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The Community Multiscale Air Quality model with a source and process tagged method (CMAQ/PASCAL) was used to
understand source regions and types (anthropogenic (AN) and biomass burning (BB)) of Asian black carbon (BC) outflow to
the Pacific during 2008 - 2010. The model calculations generally reproduced absolute concentrations and temporal (season
monthly, and day-to-day) variations of BC mass concentrations observed by both surface and aircraft measurements in outflo
regions in East Asia. These model calculations show that both the total eastward flux and transport efficiency (fractions trans
ported from sources) of BC are the highest during spring (26 kg s-1 and 33% at 150E) and the lowest during summer (8 kg s-
and 20% at 150E). These seasonal variations of Asian BC outflow are generally controlled by transport patterns (monsoon:
frontal passages, and convection) and emissions from the following three sources: (1) AN emissions from China (China AN),
(2) BB emissions from Southeast Asia and South China (SEA BB) during February - April, and (3) BB emissions from Siberia
and Kazakhstan (Siberia BB) during April - July. In our calculations, China AN dominates the total eastward BC flux on period
average (61%, 17%, and 6% from China AN, Siberia BB, and SEA BB, respectively, at 150E). On the other hand, SEA and
Siberia BB account for 30 - 50% of the total eastward BC flux (150E and 175E) during spring and summer, and they intensify
seasonal contrast of Asian BC outflow flux. BC from Siberia BB is also found to be transported to the Pacific more efficiently
than that from other sources. Although the amounts of BB emissions are currently highly uncertain, our results suggest that th
control of Siberia BB will be important in terms of the trans-boundary transport of BC to the Pacific, North America, and the
Arctic.
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Atmospheric aerosols can act as cloud condensation nuclei (CCN) and therefore play an important role in regulating radiativ
properties and lifetime of clouds. Along with the development of the industrial activities, the loading of atmospheric aerosols
tends to increase, especially in East Asia. To access the radiative balance and/or hydrological cycle of the Earth in the future
guantitative evaluations of CCN characteristics are needed based on in-situ atmospheric observations.

In this study, CCN activity of submicrometer-sized aerosols were measured at Noto Ground-based Research Observatol
(NOTOGRO), located at the tip of Noto peninsula, facing the Sea of Japan, in autumn 2012. Ambient aerosols were sample
through the PM10 inlet (14.7 m A.G.L.). The dried aerosols were introduced into a differential mobility analyzer (DMA) for
size selection, and the resulting monodisperse aerosol was then transferred to a water-based condensation nuclei (CN) cour
and a continuous flow thermal gradient CCN counter to measure the number concentrations of CN and CCN, respectively. Th
CCN efficiency spectra, where CCN number fraction is plotted against the diameter of aerosols, were obtained at four differen
supersaturations (0.1%, 0.2%, 0.5% and 0.8%). The bulk chemical composition of non-refractory submicorometer-sized aeroso
was also measured by an aerosol chemical speciation monitor (ACSM).

Parameters related to the mixing state and hygroscopicity of the aerosols were obtained at high time resolution based c
the analysis of the CCN efficiency spectra. The slope of the CCN efficiency spectra (diamter at which 50% of CN act as
CCN) for ambient aerosols was not as steep as that for pure ammonium sulfate particles, indicating heterogeneity in the mixin
states of the ambient aerosol. The hygroscopicity parameter kappa (Peters and Kreidenweis, 2007), estimated from the CC
activation diameter, suggested that organics contributed on the aerosol mass especially in the size range of less than 100 n
The bulk chemical composition obtained by ACSM also indicated the large contribution of organics on the total aerosol mass
however, the size resolved CCN measurements provided a clue to the elucidation of the size-dependant chemical composition
submicrometer-sized aerosols.

References:
Peters and Kreidenweis (200A¢mos. Chem. Phys.7, 1961-1971.
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Cloud droplet size measured for different supersaturations at Noto Peninsula, Japan, |

autumn 2012.
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The size of cloud droplets is one of the important factors that control the radiative properties and lifetimes of clouds. In general,
it has long been accepted that growth rates of cloud droplets depend solely on water vapor supersaturation (SS). To challen
this established theory, we conducted in-situ measurement of atmospheric aerosols and related cloud growth kinetics in Ea
Asia, in order to investigate the relative importance of other factors that can potentially influence the initial cloud droplet growth.
In this study, diameters of cloud droplets were measured by using cloud condensation nuclei counter (CCNC) at Suzu, Not
Peninsula (NOTOGRO) in October, 2012. CCNC was operated at four different SS conditions (SS=0.1%, 0.2%, 0.5%, 0.8%)
The diameters of cloud droplets activated from ambient aerosols were compared to those activated from ammonium sulfat
(regarded here as representative inorganic CCN). The negative correlations between the cloud droplets’ diameters and orgat
aerosol mass fractions were observed. The initial growth rate of cloud droplets activated from ambient aerosol were considere
to be inhibited by the existence of organics especially under the lower SS conditions (SS=0.1% and 0.2%).
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