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Introduction

The man permanent amospheric gases N2, O2 and Ar together meke up more than 99.9
volume % of the amosphere. Neverthdess Eath's climae and the chemidry of the
amosphere are mainly determined by the remaning minor condituents, which because of
thar rdaivey low aundance ae dgnificantly affected by emissons from vaious human
activities, in paticular fossl fud and biomass burning, chemicd manufacturing, agriculture
and land use changes (see Table 1). Mogt abundant among these rest gases is carbon dioxide
(COz2), which plays essentid roles both as the source of carbon in the photosynthesis of plant
matter and as a so-cdled “greenhouse gas’ (GHG) for Earth's climate. CO2 does, however,
not play any dgnificant direct role in the chemidry of the amosphere Among the
chemicdly active gases methane (CH4) is mogt dundant with a volume-mixing ratio of
about 1.7 ppmv (parts per million by volume), compared to a pre-indudrid vaue of only
about 0.7 ppmv. Its concentration in the atmosphere is Hill growing, dthough now a a
dower rae (about 0.5%/lyear) than in and before the 1980's Methane plays important roles
both in the chemigry of the troposphere and the Sratosphere. It too is a GHG. The next most
abundant gas of chemicd and dimaic importance is nitrous oxide (N20O). Chemicdly dmogt
inet in the troposphere, N20 is removed from the atmosphere by photochemica processes in
the draogphere A fraction of the nitrous oxide is thereby oxidized to nitric oxide (NO),
which, together with NOz, acts as a cadyd in an ozone-dedroying cycle of reactions. Under
naurd conditions, the production of ozone (Os) by the photodissocation of Oz in the
dratosphere is largey bdanced by its cadytic destruction of NOx (= NO + NOz). Because
the abundance of N20 is inceadng by 02 — 0.3%lyear, patidly due to the increased
production of N20 in soils as a consequence of the rapidy growing goplication of N-
fertilizer, there is a growing anthropogenic effect on gdratospheric ozone. The most important
anthropogenic impact on dratospheric ozone has been due to the emissons of a series of
entirdy manmade chlorine- (and broming) containing compounds, in  paticular CFCl,
CRCl2, the so-cdled CFC's, and CCla. As N20, thee gases are only removed from the
amosphere by photodissociation in the dratosphere, thereby producing Cl and ClO radicds,
which, even more efficiently than NOx, can bresk down ozone by cadytic reactions (see
Figure 1). Mog surprisngly, the dsrongest depletions in dratogoheric ozone have occurred
over Antarctica during the soringtime months of September and October. Exactly in the
height region (14-21 km) where naturdly, and until about 2 decades ago, a maximum in Os
concentrations over Antarctica was found, during the past twenty years and for decades to
come during each Soring, ozone concentrations have been and will be reduced to zero,
reaulting in mgor depletions by factors of 2-3 in the totd ozone abundance and causing
magor increesss in the fluxes of biologicdly damaging ultraviolet radiaion a the Earth
surface during spring.

Environmental Surprise

The posshility of such a catastrophic loss of ozone was not predicted and came as a totd
urprise to the sdentific community, which hed, up to the discovery of the “ozone holée’,
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conddered ozone in this dtitude and high latitude region to be conservative. However, due
to the input of large amounts of indudrid CFC gases and the deveopment of specid
meteorological and physcochemica conditions (temperatures bdow about —80°C, leading to
pola dratospheric doud formetion, followed by production of the ozone-destroying
cadyss Cl and CIO by reetion on the suface of the cloud particles) rgpid ozone
dedtruction tekes place. Because of the long resdence times of the CFC gases in the
amosphere (50 — 100 years) the ozone hole will fird be dossd by the midde of this new
century, despite the fact that the production of the CFC's in the indugtrid, developed world
hes stopped gnce the beglnnlng of 199%. ) car ancy 0

Ozone in the amosphere sarves many functions. It acts as a filter agang solar ultraviolet
radiaion, thereby protecting the biosphere from a large fraction of the bidlogicdly active
sola UV-B radiaion of wavdengths less than about 310 nm. About 90% of al ozone ae
located in the dratosphere and 10 % in the troposphere. Both are subdtantidly affected by
human activities. Contrary to what has happened in the Sratosphere, ozone concentrations in
the tropogphere have increesed, not only in uban and suburban regions during
photochemicd smog episodes but dso more genedly in regions tha ae influenced by
anthropogenic emissions of the ozone precursors hydrocarbons, carbon monoxide (CO) and
nitric oxide (NO). Affected is not only the mid-laitude zone of the Northern Hemisphere,
but dso the continentd tropics and subtropics as a consequence of extensve hiomass
burning during the dry season. Ozone is ddeterious to the biosphere, affecting human hedth
and plat growth, incduding agriculturd productivity. It is edimaed tha between 2000-5000
million tons of biomass is buned each year in the tropics and subtropics during the dry
season, resulting in high emissons of light absorbing smoke particdes and ozone precursors
(see Table 2). As a consequence, during the dry season high concentrations of ozone are
produced in the rurd aess of the tropics and subtropics (note that the so-cdled
photod\ernlcd snog in the indudrid regions is mostly an urban/wburban ozone producilon
in the tropics a rurd phenomenon) | X nhanced

If ther levels ae not too high, the role of ozone and UV-B radiation in the troposphere is,
however, not only negative In fact, they fulfil an essentid function in “keeping the
amosphere cdean” due to ther indirect role in the remova of dmost dl gases that are
emitted into the amosphere by nature and mankind. The latter occurs manly through
reactions with hydroxyl (OH) radicds. These are lagdy formed by the absorption of solar
UV-B radigion by ozone leading to the production of excited O a@oms which have enough
energy to react with water vapour to produce hydroxyl (HO) radicds, the “detergents of the
atmospheré Despite very low tropospheric concentrations, globdly averaging as little as
4x10™ by volume, it is highly reective hydroxyl, and not abundant (21%) molecular oxygen
(O2), which is regpongble for deaning the amosphere. Because of maximum abundance of
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UV-B radigtion and water vepour, the concentrations of hydroxyl, and thus the removd of
many gases from the atmosphere occurs predoml nately |n the troplcs and subtroplcs (see
Figure 2). Juantita i 0 ] , quire:

The present dae of quantitative knowledge about paticulate meatter in the troposphere is
even in worse shape than that of the gas phase. The role of aerosol is manifold:

1

2

3.

Paticulate metter influence the chemigry of the atmosphere by providing surfaces and
liquid mediafor chemicd reactions, which can not take place in the gas phase.
By the scattering and absorption of solar radiation, particulate matter plays a substantia
role in the radiative properties of the aamosphere and, therefore, in Earth climate.
This influence is emphaszed by the fact that amospheric particles can serve as
condensation and/or ice forming nucle. Recent dudies have indicated the possbility thet
climae warming due to increesng levels of the greenhouse gases can have been
substantidly counteracted by the backscettering to space of solar radiaion, both directly
from the aerosol or indirectly by the increased dbedo of clouds It gopears indeed that
cdculated and observed temperature trends agree better with each other when optica
agrosol effects are incdluded in globd cliimate modds, thus adding some credence to the
dgnificance of the aerosol-dimate feedback. However, such conclusons are ill based
on raher wesk grounds agan largdy because of lack of knowledge about the
physochemica propeties and didributions of amospheric agrosol. In paticular, most
cdimate modd runs were peaformed only conddering sulfae agrosol, which are drongly
derived from cod and oil burning. However, severd additiond types of aerosol, which
can likewise be influenced by humean activities, are emitted to the atmosphere, such as

smoke particles , mogtly from tropical and subtropicd biomass burning

s0il dugt, largely from the subtropica deserts.

organic aerosol, resulting from gaseous organic precursor emissons from vegetation,

with large contributions from tropical forests.

seasdlt particles.

Clouds can provide mgor pathways for the chemicd processng of naurd and
anthropogenic emissons. While this chemicd doud effect has been dudied for a few mgor
pollutants such as SOz, there are many other soluble and reactive amospheric condituents
whose cloud processing is largely unknown.



The lack of knowledge dso concerns the interactions of gas phase species with the aerosol.
As an example, in dl dimate smuldions the caculated didributions of sulfate aerosols have
been cdculated, neglecting potentid reactions of anthropogenic SOz with the various types
of agrosol. This may wdl meen tha much of the sulfur, which is emitted into the
amosphere, may be depodted on pre-exising aerosol, such as soil dust and sessAlt particles
indead of nudedting to new sulfate patides If so, little additiond sulfate particle formeation
could teke place in regions with high emissons of preexiging patides implying that the
sulfate coollng effect probably has been overeﬂlmated in most models Nﬂlher_the_quajtmﬁ

Cloeely connected to the dlmate and amospheric chemidry aspects of globa change, ae

) phe fions, as many of the chemicdly and dimatologicdly important
tra:e gaees aeto a substmtla degree emitted into, or removed from, the amosphere by the
biogphere. Beddes CO2 and N20O, we mention especidly NO, CHs4, and reactive
hydrocarbons which together have a subgstantia impact on Os and OH concentrations and the
ozone layer. They areincreasingly impacted by human activities.

Conclusons




Figure 1. As N2O, these gases are only removed from the atmosphere by photodissociaion
in the dratosphere, thereby producing Cl and ClO radicals, which, even more efficiently than
NOX, can bresk down ozone by cataytic reactions

Figure 2. Because of maximum abundance of UV-B radiation and water vapour, the
concentrations of hydroxyl, and thus the remova of many gases from the atmosphere, occurs
predominately in the tropics and subtropics.

Table 1. Earth’s dimate and the chemidtry of the atmosphere are mainly determined by the
remaining minor condtituents, which because of their rdaively low abundance are
sgnificantly affected by emissons from various human activities, in particular fossl fud
and biomass burning, chemica manufacturing, agriculture and land use changes.

Biomass Burning in the Tropics
(In Thousand Millions of Tons C/Year)

Slash and Burn Agrigulture 05-10
Forest Clearing 0.2-0.7
Savanna Grass Fires 0.3-16
Wood Burning 0.3-0.6
Agricultural Wastes 0.5-0.8

S 1.8-4.7

Table 2 Edimated rates of biomass burning in the tropics and subtropics. Due to this
burning large quantities of pollutant gases and particles are created which even affect globa
amogpheric chemigry and dimate.



