THE ENDANGERED GLOBAL ATMOSPHERE���Anthropogenic change





��climate<====> life forms








			O2/CO2 balance








initial atmosphere:





�CH4, NH3, H2O, H2 <==== hu (<420 nm)








aminoacids, sugar


�








�life molecules


�








1. fermentation of organic matter				2. photosynthesis


CO2 + H2O + hu ---> {CH2O} + O2











ÒneutralizationÓ of toxic oxygen





4Fe2+ + O2 + 4 H2O ---> 2 Fe2O3 + 8H+


					deposit








�3. developing of enzyme system





�waste product oxygen disposal





respiration


oxygen creation ===> ozone layer ===> migration of life from ocean to land





natural mechanism regulation level of CO2:


plant photosynthesis








Anthropogenic activity changing the atmosphere:





industrial activities ===> pollutants: SO2, particulate mater, HCs, HFCs, heavy metals


burning of fossil fuel


transportation


alteration of land surfaces


burning of biomass


agricultural practices





EFFECTS:





increase in acidity of the atmosphere


production of pollutant oxidant (smog)


elevated levels of IR- absorbing gases (greenhouse effect)


threats to the UV-filtering ozone layer


increased corrosion of materials


health effects








GREENHOUSE GASES & GLOBAL WARMING 


(political, economic issue??)


�





				solar energy





���	greenhouse gases


�


					T 














Greenhouse gases:


CO2, CH4, ClFC, NO2











Reasons for increase in concentration:





industrial revolution


conversion of forests & grasslands to agriculture





increase in T 1-5 oC ===> rise in sea levels 0.5 - 1.5 m





preindustrial level of CO2 and 	CH4


			260 ppm		0.70 ppm


last 300 years	350 ppm		1.70 ppm








CO2: 1 ppm/year





CH4: 0.02 ppm/year


leakage of natural gas


byproduct emissions


burning of savannas & forests


biogenic sources:


degradation of organic matter


municipal refuse


digestive tracks of animals





Other effects of CH4 presence in the atmosphere:





presence of CO


presence of HO¥ & O3


H2 & H2O in the stratosphere





RADIATIVE FORCING


reduction in infrared radiation penetration outwards through the atmosphere per unit increase in the level of gas in the atmosphere








radiative forcing of CH4 = 25 x radiative forcing of CO2


��						CO2





�photosynthesis							acceleration in bio-


absorption by oceans						degradation with T


�									& emission of CH4 


									& CO2





limited








GLOBAL WARMING EFFECTS:





increase in temperature


drought (decrease rainfall & increased evaporation)


changes in plants & pests








SO2 ===> decrease in global warming





H2SO4 production


H2SO4 in atmosphere = light reflecting haze


H2SO4 & SO42- help to condense water vapor


��





increase in the extent, density, & brightness of light reflecting cover








ACID RAIN


precipitation made acidic by the presence of acids stronger than carbonic





fog, dew, snow, sleet





ACID DEPOSITION


deposition on the EarthÕs surface of aqueous acids, acid gases, & acidic salts











Acid precipitation


Dry deposition


SO2 (solubility : 1.2 mol/L)








SO2 (aq) + H2O ===> H+ + HSO2-


























main origin of acid rain:


atmospheric oxidation of acid forming gases








SO2 + 0.5 O2 + H2O ---> {2H+ + SO42- }(aq)





2NO2 + 0.5 O2 + H2O ---> 2{H+ + NO3-}(aq)


��			______








changes in chemical and physical properties:


acidity


reactivity


volatility


solubility








�				hundred km





���acid rain								regional pollution





				thousand km








geographic dependence











Species in acid precipitation:





H+		56 eq/L x 10-6				SO42-	51


NH4+		10						NO3-		20


Ca2+		7						Cl-		12


Na+		5								83


Mg+2		3


K+		2


--------------------


		83





Damaging effects of acid rain:





direct phytotoxicity to plants


phytotoxicity from acidic gases


indirect phytotoxicity (Al3+ liberated from soil)


destruction of sensitive forests


respiratory effects on living organisms


toxic effect to lake flora & fauna


corrosion to exposed structures





2H+ + CaCO3 ---> Ca2++ CO2(g) + H2O





associate effects (aerosol formation)











OZONE LAYER DESTRUCTION





ozone production:





O2 +hu ---> O + O (l<242.4 nm)





O + O2 + M ---> O3 + M





ozone destruction:





O3 + hu ---> O2 + O (l< 325 nm)








concentration of O3 in the stratosphere ===>


	===> balance of the above reactions (steady)








Ozone absorbs harmful radiation





220< l< 330








Effects of ozone layer destruction:





decrease in plant production


destruction of microscopic plants in the oceans


human health:


cataracts, cancer, genetic changes








Anthropogenic ozone destruction: CFC





CF2Cl2 + hu ---> Cl¥ + CClF2¥





Cl¥ + O3 ---> ClO¥ + O2





ClO¥ + O ---> Cl¥ + O2


�





destruction of several thousand molecules of O3 for each Cl atom produced !!!!!





lifetime of CFCs ~ 100 years








ÒAntarctic Ozone HoleÓ





ClO + NO2 ---> ClONO2








in Antarctica, T < 70 0C ===> NOx ---> HNO3 .3H2O





ClONO2 + H2O ---> HOCl + HNO3


ClONO2 + HCl ---> Cl2 + HNO3





HOCl + hu ---> HO¥ + Cl





Cl2 + hu ---> Cl + Cl








HYDROALKANES & OZONE DEPLETION





tropospheric lifetime of HCFC depends on:





molar mass


# of hydrogen atoms


# of carbon atoms


# & positions of F and Cl atoms


rate of reaction with HO¥


tendency to undergo photolysis








Possible reactions:





CF3O¥ + O3 ---> CH3OO¥ + O2





CF3OO¥ + O3 ---> CF3O¥ + 2O2


---------------------------------


2O3 ---> 3O2








end of chain:





CF3O¥ + NO ---> CF2O¥ + FNO





CF3O¥ + CH4 --->CF3OH + CH3¥








PHOTOCHEMICAL SMOG





surface ozone level ===> measure of smog





contributes significantly to the toxicity of smog


Urban aerosol (particles < 2 mm)





toxic constituents (mutagenes)


sulfuric acid


nitric acid


ammonium nitrate


carbon


PAH





SO2 + 0.5 O2 + H2O --->H2SO4





O3 + NO2 ---> O2 + NO3





NO3 + NO2 + M ---> N2O5 + M





N2O5 + H2O ---> 2HNO3





HNO3 + NH3 ---> NH4NO3





pH < 2 ===> reduction in crops








NUCLEAR WINTER





catastrophic atmospheric effect that might occur after a massive exchange of nuclear firepower between major powers


�





�sooty combustion products in stratospheric region








freezing temperatures








solar radiation will be absorbed high in atmosphere


outgoing IR would penetrate much less of the atmosphere (no absorption on H2O and CO2)


inhibition in evaporation of water


fixation of nitrogen





O2 + N2 ---> 2 NO (ozone destroying)








WHAT IS TO BE DONE:





reduction emissions from industrialized nations


education


energy conservation


reforestation


usage of solar energy


injecting light-reflecting particles into the upper atmosphere


efficiency in distribution & use of water


disposal of CO2 to sink


taxation


sunscreens


























0-hydroxybenzophenone					enol form














thermal energy
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