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common at times in the aerosol over these oceans. It is
generally believed that the numerous sulfate-containing
particles in the atmospheric boundary layer at remote
marine sites were formed by homogeneous nucleation of
sulfuric acid in the free troposphere. In the absence of
cloud removal processes, they there grew large enough
to act as CCN. It is assumed that air interchanges be-
tween free troposphere and boundary layer account for
their presence in the latter. Aqueous oxidation of sul-
fur dioxide in cloud drops would add to their sulfur
content. The identification in the boundary layer of
airborne particles and polymer gels clearly of marine
origin, suggests an additional, and more direct, path-
way to CCN formation. Because CCN concentrations
may have a strong influence on climate, the relative
importance of these two methods of CCN formation re-
quires further study. In the central Arctic in summer,
the lack of communication between the free troposphere
and the surface air means that the marine bioaerosol
will be the more important source.
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Exposure to bioaerosols, especially to pathogenic or
allergenic microorganisms, may cause a wide range of
respiratory and other health disorders in occupational
and general populations. One of bioaerosol character-
istics - electric charge - can greatly influence their de-
position in sampling lines and collection devices. The
magnitude of electric charge carried by inhaled parti-
cles can have a significant effect on their deposition in
the lung. In addition, electric charge may affect role of
bioaerosols as ice and cloud condensation nuclei; charge
(or electrical mobility) can control bioaerosol move-
ment in electrical fields, such as created by power lines.
Electrical charge is also important for the development
of bioaerosol samplers that utilize electrostatics for
particle collection - this technique has been shown to
be more “gentle” collection method than traditionally
used impactors and impingers. Owur previous studies
have shown that airborne environmental bacteria, such
as Pseudomonas fluorescens and B. subtilis var. niger,
have a net negative charge, with individual cells carry-
ing as many as 10,000 elementary charge units, which
sharply contrasted with low electrical charges carried
by non-biological test particles. We have also found
that magnitude and polarity of electrical charge can
significantly affect viability of sensitive bacteria, such
as P. fluorescens. In our continuing exploration of elec-
trobiological properties of bioaerosols, we investigated
application of electrostatic collection method for con-
current determination of total and viable bioaerosols,
and also analyzed the effect of electrical fields on mi-
crobial viability. In our new bioaerosol collector, the
biological particles are drawn into the sampler’s elec-
trical field and are concurrently deposited on an agar
plate for determining viable microorganisms, and into
a ELISA plate for determining total collected microor-
ganisms. Experiments with B. subtilis var. niger and
P. fluorescens vegetative cells have shown that on av-
erage 80 percent of airborne bacteria entering the sam-
pler were removed from the air onto the plates when
the sampler operated at 8 L/min and used collection
voltage of -1,500V. From 15 to 25 percent of all bacte-
ria entering the sampler were enumerated by the cul-
ture technique. Use of electrostatic analysis techniques
may require application of strong electrical fields which
could be damaging to biological particles. In our ex-
periments, the airborne P. fluorescens bacteria were
exposed to electric fields of 10kV /cm for 30 seconds,
which did not result in viability reduction. In con-
trast, more than 90 percent of the P. fluorescens cells
have been killed when the microorganisms were first
deposited on filters and then exposed to positive elec
trical field of 15 kV /cm for at least 15 minutes. Electri-
cal fields of 5 and 10 kV /cm also achieved similar effect
when bacteria were exposed for 120 min. The exposure
of bacteria to negative electrical fields resulted in even
higher rates of inactivation. The B. subtilis var. niger
bacteria proved to be hardier and 10 percent viability
reduction was achieved with the use of 15kV/min for
2 hours. The obtained results demonstrate the impor-
tance of electrical charges and fields in behavior, col-
lection and control of bioaerosols. The field studies will
have to be performed to confirm laboratory findings.
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Water isotopes ratios (6180, §D) are very sensi-
tive tracers of the history of the water in the atmo-
sphere. For example, depletion of heavy isotopes in
convective plumes can be extreme and thus isotope ra-
tios can be used to discriminate between upwelled and
in-situ condensation. We present results with state-
of-the-art GCMs that include water isotopes in every
aspect of the modelled water cycle, including the rel-
atively sophisticated prognostic cloud water scheme.
These models also have reasonable representations of
the stratospheric circulation and so can be used to look
at the processes involved in stratosphere-troposphere
exchange. We demonstrate that the models show a sim-
ilar range of variability near the tropical tropopause to
that seen in recent data, and that the zonal mean val-
ues are less depleted than a simple Rayleigh distilla-
tion column would suggest. Importantly, we show that
the isotopes can be sensitive to uncertain details of the
cloud parameterizations and thus may help in improv-
ing and validating cloud schemes in models.
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We employ a three-dimensional large eddy simu-
lation with bin-resolved microphysics to simulate the
distribution of water isotopomers within deep convec-
tive clouds. Deep convection produces vertical pro-
files of HDO vapor that deviate siginificantly from
the Rayleigh distillation model. These deviations are
caused by the lofting of HDO-rich cloud ice within con-
vective updrafts and the subsequent sublimation of this
lofted ice in cumulonimbus anvils. The model results
agree qualitatively with in situ measurements obtained
during the CRYSTAL/FACE field campaign. Together,
the in situ measurements and simulation results pro-
vide a key step to understanding the isotope ratios of
water vapor in the stratosphere and the dehydration
mechanisms operating during stratosphere/troposphere
exchange.
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Measurements of HoO from the Microwave Limb
Sounder (MLS) on the Upper Atmosphere Research
Satellite (UARS) are used to investigate the structure
of HoO in the near tropopause region and dehydration
mechanisms in the tropical tropopause layer (TTL).
The new MLS data are consistent with convective input
of HoO into the bottom of the TTL followed by slow as-
cent with a maximum relative amplitude in the seasonal
cycle occurring near the tropopause nearly in phase
with the tropopause temperature seasonal cycle. The
relative amplitude of the seasonal cycle shows a mini-
mum at 121 hPa in the upwelling moist phase. These
features are reproduced with the ‘cold-trap’ dehydra-
tion hypothesis. Seasonal maps show wettest tropical
100 hPa HoO co-located with continental convection.
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Increases have been noted in Northern Hemisphere
middle latitude stratospheric water vapor over an ex-
tended period of time in a variety of instrument
records. However, the changes are neither linear nor
continuous. In particular, since 2000, a significant de-
crease has been observed in tropical HALOE water va-
por measurements in the 100-70 hPa layer. Similar
decreases in the lower stratosphere are also seen in
the frost balloon observations taken by the NOAA Cli-
mate Monitoring and Diagnostics Laboratory in Boul-
der, Colorado, USA. (40N) and the POAM and SAGE-IT
satellite records. In this presentation, data from these
varied instrument records will be shown, and possi-
ble mechanisms for the observed temporal changes dis-
cussed.
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During the APE-THESEO campaign in Febru-

ary/March 1999 high-resolution in-situ measurements
were carried out onboard the Russian M-55 Geophysica
high altitude aircraft, based on the Seychelles (—4.7°
N, 55.3° E) in the western Indian Ocean. In the po-
tential temperature range from 340 - 430 K, 36 indi-
vidual (quasi)-vertical profiles of temperature, the gas-
phase and total water cloud particles, and ozone were
obtained. The height of the tropopause and the hy-
gropause were highly variable for the investigated pe-
riod. We attribute this to short and local perturbations
to the seasonal cycle. The cold point tropopause was
located at a potential temperature range from 365 - 403
K. Minimum temperatures were very low (183 - 194 K),
leading to saturation mixing ratios at the tropopause of
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1.1 - 8.4 ppmv. The hygropause was located on aver-
age 4 K above the tropopause with water vapour mix-
ing ratios of 1.2 - 4.1 ppmv. These very low mixing
ratios are comparable to those found in previous stud-
ies in the ’fountain region’ over Micronesia. For 70 %
of the vertical profiles, ice saturation was found in a
wide range around the tropopause. Predominantly the
saturation was corroborated by concurrently detected
clouds up to the altitude of the cold point, providing
evidence of active dehydration. We identify three com-
mon types of vertical profiles: coincident hygropause
and cold point at relatively low potential temperatures,
associated with a cirrus deck; coincident hygropause
and cold point at relatively high potential tempera-
tures, associated with thin subvisible cirrus; and unsat-
urated, cloud-free, profiles without a pronounced rela-
tionship between hygropause and cold point. Charac-
teristics such as extension, number density, frequency
distribution of relative humidity over ice of the cirrus
clouds were different for these categories which allows
to infer their different origin. The low water vapour
ratios and the existence of saturation support the hy-
pothesis that the Tropical Tropopause layer (TTL) over
the western Indian Ocean is a region where air masses
are dehydrated to very low values during their trans-
port into the stratosphere.
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In order to optimise the emissions of ozone precur-
sors (CO, NOx, hydrocarbons) in the IMAGES global
chemical transport model, we apply the adjoint tech-
nique. Misfits between modelled and measured concen-
trations are quantified by introducing the cost func-
tion and looking for a solution that corresponds to its
minimum. The minimum of the cost function is cal-
culated via an iterative procedure that makes use of
the adjoint model operator, that is, the gradient of the
cost function with respect to a set of control param-
eters to be optimised. The advantage of the adjoint
model technique compared to other inversion methods
is that no linear response of the calculated concentra-
tions to changes in the emissions is assumed. Further-
more, the emissions of several chemical compounds can
be varied and optimised simultaneously and the chemi-
cal feedbacks existing between different chemical com-
pounds can be explicitly taken into account. These fea-
tures are very important for compounds like CO and
NOx which have common emission sources (like biomass
burning), and are strongly inter-related through the
chemistry of the OH radical. In the present study, the
control parameters to be optimised are the annual emis-
sions of CO, NOx and a few NMVOCs over large re-
gions and for different broad categories. Making use of
the emission inventories for the year 2001, we present
the results for emission optimisations performed using
different combinations of the following observational
datasets considered for the same year: ground-based
(NOAA/CMDL) measurements of CO concentrations,
MOPITT-derived distribution of CO (total or partial)
columns, and GOME-derived distributions of NO2 tro-
pospheric columns. Finally, optimised concentrations
will be compared to independent observations provided
by aircraft campaigns.
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We investigate the importance of aerosol optical
properties when employing a realistic smoke aerosol
size distribution in an offline three-dimensional chem-
ical transport model used to simulate the
tion of smoke aerosols from biomass burning fires.

evolu-

Our model is driven by assimilated meteorology from
the NCEP/NCAR reanalyses and is initialized with
measurements collected during the Southern African
Aerosol Regional Science Initiative campaign (SAFARI
2000). The model uses a bin representation of a smoke
aerosol size distribution and allows aerosols to age by
coagulation and hydration. We consider two cases for
our simulation: one in which we transport an aerosol
particle size distribution that evolves by coagulation
and hydration, and another in which we simply trans-
port the mass of the aerosol species and assume its opti-
cal properties. The smoke aerosol optical thickness and
single scattering albedo at 500 nm were calculated from
the model results for both of these cases and compared
to Total Ozone Mapping Spectrometer (TOMS) aerosol
index, the MODIS aerosol optical thickness, and the
aerosol optical thickness, particle size distribution, and
single scattering albedo retrieved from Aerosol Robotic
NETwork (AERONET) sun/sky photometers. The re-
sults from this study will be useful in future appli-
cations relating to the optical properties of evolving
smoke aerosols from biomass burning fires.
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Polybrominated diphenyl ethers (PBDEs) are an im-
portant class of flame retardants. Annual global de-
mand for these compounds was over 67,000 metric tons
in 2001. PBDEs have recently been extensively inves-
tigated as environmental contaminants because they
have been detected in air, sediment, and tissue sam-
ples from urban and remote areas. Important issues
include quantifying PBDE partitioning in various envi-
ronmental compartments, and elucidating transforma-
tion pathways. The partitioning of PBDE congeners
to aerosols was estimated for 16 sites in the United
States, Canada, and Mexico. The aerosol particles were
PMj 5, the total suspended particle (TSP) concentra-

tion varied between 3.0 - 55.4 pg m_3, and the organic
fraction ranged from 11 - 41%; these data are published
values for each site. It is estimated that the largest
fraction of each PBDE associated with the aerosol par-
ticles occurs in Mexico City, and the smallest fraction
in Colorado Plateau. Although the organic fraction in
Mexico City is about 60% of that observed in the Col-
orado Plateau, the TSP is larger by a factor of about
18.5, and it is the difference in TSP that strongly influ-
ences the fraction of particle-bound PBDE in this case.
PBDE partitioning to PMg 5 particles also varies sea-
sonally because of temperature variations. For the less
brominated congeners, the percentage that is particle-
bound is relatively low, regardless of air temperature.
In contrast, the heavier congeners exhibit a signifi-
cant temperature dependence: as the temperature de-
creases (fall, winter) the percentage of PBDE that is
particle-bound increases. The partitioning calculations
complement experimental data indicating that decabro-
modiphenyl ether (DBDE) dissolved in hexane trans-
forms very rapidly when irradiated with solar light.
DBDE is the most highly brominated PBDE congener
(10 bromine atoms) and occurs in the commercial for-
mulation which is subject to the largest global de-
mand.
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The study of stable isotope ratio (§13C) can be use-
ful to understand the history of an air parcel that in-
clude sources, mixing and photochemical processing.
The 3D regional model (MC2AQ) was modified (with
two different resolution, 21.2km and 5.3km) to include
isotope information for Propene, Toluene, Propane,
Benzene, Xylenes, and Isoprene. These compounds
(both 12C and 13C) were included as tracers in the
model reacting only with OH, with no feedback on the
main chemistry. This model structure can help to con-
strain the OH concentration. The kinetic isotope ef-
fect (KIE) was included for the reactions with OH.
The results show that the §13C varies with emissions:
when emissions are high the §13C is close to that of
the sources, and as the air parcel moves away from
the sources the 613C gets heavier due to the chemi-
cal processing. We see a clear diurnal pattern in the
513C after removing the effect of the sources. This is
an indication of the effect of the processing by OH.
The results show that the vertical gradient of §13C de-
pends on the lifetime and the KIE of the hydrocarbons.
The back trajectories of the stable isotope ratio (§13C)
were determined to study the history of each hydro-
carbon independently using the average photochemical
age. The results can help in the determination of the
possible sources of individual hydrocarbons and the ef-
fects of mixing and dilution during the parcel advec-
tion. The back trajectory analysis of 613C provides
information of the possible locations of the sources of
the compounds being investigated. The model was also
set up to study the effect of the different emission type
(area sources or point sources) of NMHCs on §13C, us-
ing this method can help us to identify the fractionation
and location of these two sources.
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Atmospheric monoterpenes are important due to
their high reactivity and to their large emissions into
the atmosphere. The emissions and chemistry of a-
pinene (as representative for the monoterpenes) are in-
cluded in several tropospheric CTMs, but in a very sim-
plified and unsubstantiated way. Recently Peeters and
co-workers have developed a detailed mechanism for the
gas phase oxidation of alpha-pinene and pinonaldehyde
down to their primary products by OH (Peeters et al.,
2001; Fantechi et al, 2002 ) and ozone (preliminary un-
published mechanism). Since this mechanism includes
thousands of chemical reactions, its reduction into a
condensed mechanism of reasonable size is required for
global or regional modeling. The methodology we pro-
pose for this purpose is based on 1/ the grouping of
multifunctional products into classes of similar physi-
cal characteristics and chemical reactivities in the at-
mosphere, 2/ the use of generic peroxy radicals to rep-
resent the NO to NO2 conversions, and 3/ the appro-
priate validation by comparison with the explicit mech-
anism and with laboratory measurements. Both the ex-
plicit and reduced mechanisms have been implemented
in a box model. In addition, a module describing
the gas/particle partitioning of the semi-volatile prod-
ucts has been developed and coupled to the gas-phase
model. The estimation of the gas/particle partitioning
coefficients is based on a parameterization of the tem-
perature dependent saturation vapor pressures for the
compounds produced in the mechanism. We present
comparisons of the model results using both mecha-
nisms with laboratory experiments, including Yu et al.
(1999) for the ozonolysis and Noziere et al. (1999) for
the oxidation by OH. The temperature dependence of
secondary organic aerosol is tested against the measure-
ments by Takekawa et al. (2003).
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Nitric acid is a widespread molecule found in the at-
mosphere. It is mainly removed from the troposphere
by wet or dry deposition. In colder regions such as the
upper troposphere and tropopause where cirrus clouds
are formed nitric acid can also be scavenged by cirrus
ice particles. The uptake of gas-phase nitric acid by
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