AIR POLLUTION

GOOD NEWS/BAD NEWS

· 147 MILLION METRIC TONS / YEAR IN U.S.

· BETTER NOW IN US, WESTERN EUROPE AND JAPAN THAN 20 YRS AGO

· WORSE IN DEVELOPING COUNTRIES

· 10X UN REC. HEALTHY LEVELS IN CITIES

GOOD NEWS/BAD NEWS IN US 1970-1995

· LEAD DOWN 78%

· SUSP PARTICLES DOWN 65%

· CO DOWN 37%

· NO DOWN 14% (WHY SO LITTLE?)

· OZONE DOWN 6% (50% OF THIS IN LAST 8 YRS)

· CO2, CO AND HC’S WILL GO UP 23% ‘95-’09

GOOD NEWS/BAD NEWS IN US 1970-1995

· COST $436 BILLION IN POLLUTION CONTROLS

· SAVED 2.7-14.6 TRILLION IN HEALTH AND MATERIALS ??? MILLER

What is air pollution?

· Any chemical or object in the atmosphere in quantities and for a duration that that causes harm to humans, other forms of life and materials

· Natural and human-caused forms of pollution can be identical, or different

POLLUTUS NATURAL

· POLLUTUS = FOUL, UNCLEAN DIRTY (LATIN)

· VOLCANOES

· SEA SPRAY AND DECAYING VEGETATION

· REACTIVE SULFUR CPDS

· TREES EMIT VOLATILE ORG. CPDS

· TERPENES AND ISOPRENES=BLUE RIDGE HAZE

POLLUTUS NATURAL

· AIRBORNE POLLEN, PATHOGENS AND VIRUSES

· BACTERIAL METABOLISM IN GUTS

· METHANE= 2/3 OF WORLDS METHANE IN AIR

· SUSPENDED PARTICULATES 10X ANTHROPOGENIC SOURCES

· EXCEPT IN CITIES WHERE 90% HUMAN CAUSED

ANTHROPOGENIC AIR POLLUTION

· PRIMARY POLLUTANTS

· RELEASED DIRECTLY IN HARMFUL FORM

· SECONDARY POLLUTANTS

· MADE HAZARDOUS AFTER THEY ENTER THE AIR BY CHEM RXNS OFTEN ENERGIZED BY SOLAR RADIATION

ANTHROPOGENIC AIR POLLUTION

· FUGITIVE EMISSIONS

· DO NOT GO THRU SMOKESTACK

· DUST FROM SOIL EROSION, STRIP MINING, BUILDING CONSTRUCTION AND DESTRUCTION

· IN US 100 MILLION TONS NATURAL AND ANTHROP. (= TO AMT OF CO2 RELEASED)

· INDUSTRIAL EMISSIONS FROM LEAKY PIPES ETC= 90% OF VOLATILES FROM CHEM PLANTS AND REFINERIES

CONVENTIONAL OR “CRITERIA” POL.

· CLEAN AIR ACT OF 1970

· 7 MAJOR POLLUTANTS

· MAXIMUM AMBIENT (AIR AROUND US) AIR LEVELS MANDATED

· TSP 7.5 MEGATONS/ YR  IN US
· SO2,4  21.5 MEGATONS

· CO 79 MEGATONS

· VOC 18.6 MEGATONS

CONVENTIONAL OR “CRITERIA” POL.

· NO’S 20.3 MEGATONS IN US
· PHOTOCHEM OXIDANTS

· LEAD

SULFUR CPDS

· NATURAL SOURCES (APPROX)

· 136 MEGATONS WORLDWIDE (46 MEGA’S ANTHROP.)

· SEA SPRAY 42 MEGA

· BIOGENIC H2S 88 MEGA

· VOLCANOES AND FUMAROLES 2-3 MEGA’S

SULFUR CPDS

· 90% OF URBAN SULFUR ANTHROP.

· PRIMARILY SO2

· COMBUSTION OF COAL AND OIL

· PURIFICATION OF NATURAL GAS

· SMELTING SULFIDE ORES

· CHINA AND US LARGEST SOURCES

· BURNING OF COAL

SULFUR CPDS

· SULFUR DIOXIDE

· COLORLESS CORROSIVE GAS

· PRIMARY AND SECONDARY POL.

· IN ATMOSPHERE CHANGED TO SULFUR TRIOXIDE + H20= SULFURIC ACID H2SO4

· ACID SULFATE  ION SO4 -2 

· TRAVEL LONG DISTANCES AND DEEP INTO LUNGS

· SO2 + O2       =       SO3
· SO3 + H2O       =       H2SO4

· H2SO4 + H2O   =        H3O+  + SO42

SULFUR DIOXIDE (CONT)

· 2ND TO SMOKING AS CAUSE OF AIR POL HEALTH DAMAGE

· REDUCE VISIBILITY IN US BY 80%

NITROGEN CPDS

·  NITROGEN IN FUEL OR AIR HEATED ABOVE 650 C, OR BACTERIA IN SOIL OR WATER OXIDIZE NITROGEN CONTAINING CPDS (PROTEINS ETC)

· NO+ O= NO2, NO2 +H2O= HNO3 (NITRIC ACID)

· TOTAL WORLD EMISSIONS=210 MEGATONS (45% ANTHROPOGENIC)

NITROGEN CPDS

· 95% ANTHRO IN US DUE TO COMBUSTION IN TRANSPORTATION AND ELECTRIC POWER GENERATION

· AMMONIA (NH3) FROM FERTILIZER AND PLANT DECAY IMPORTANT LOADING IN RURAL AREAS

· N2O DUE TO SOIL DENITRIFICATION IMP IN ABSORBING UV LIGHT AND MODIFIES CLIMATE

Reactions of Nitrogen Oxides

· N2 + O2     =      NO

· NO + O2      =    NO2

· NO2 + H2O     =      HNO3 + NO

CARBON OXIDES

· CO2 PREDOMINANT FORM

· INCREASING 0.4 % PER YEAR DUE TO HUMANS

· 90% FROM RESPIRATION

· BALANCED BY PHOTOSYNTHESIS

· BURNING OF FOSSIL FUELS AND BIOMASS = 5 BILLION METRIC TONS/YR

CARBON OXIDES

· CARBON MONOXIDE (CO)

· HIGHLY TOXIC

· BINDS WITH HEMOGLOBIN

· FROM PARTIAL COMBUSTION

· 1 BILLION METRIC TONS/YR DUE TO HUMANS

· 2/3 IN US DUE TO TRANSPORTATION

· 90% OF CO IN AIR CONSUMED IN PHOTOCHEM RXNS THAT PRODUCE OZONE

Human-caused CO production

· Carbon monoxide is formed by  the incomplete burning of fossil fuels

· Most is produced through burning of gas in transportation

· It is destructive because it binds to hemoglobin in place of O2

METALS AND HALOGENS

· OCCUR AS TRACE ELEMENTS IN FUELS (COAL)

· ORE SMELTING AND DISPOSAL OF WASTES

METALS AND HALOGENS

· LEAD

· 2 MILLION METRIC TONS/YR

· 2/3 OF METALLIC AIR POLLUTION

· BINDS TO ENZYMES AND CELLULAR COMPONENTS AND INACTIVATES THEM

· 20% OF INNER CITY KIDS HAVE SOME DEGREE OF MENTAL RETARDATION DUE TO LEAD POISONING

METALS AND HALOGENS

· MERCURY

· COAL BURNING POWER PLANTS AND WASTE INCINERATORS

· HOUSE PAINT HAD MERCURIC FUNGICIDES

· AIR TRANSPORT CAUSES BIOACCUMULATION IN AQ. HABITATS FAR FROM SOURCE- MAKES FISH POISONOUS

METALS AND HALOGENS

· HALOGENS

· FLOURINE, CHLORINE, BROMINE AND IODINE

· 600 MILLION TONS OF CFC’S USED ANUALLY IN PROPELLANTS, REFRIG COMPRESSORS AND FOAM BLOWING

· DIFFUSE INTO STRATOSPHERE, DESTROY OZONE

PARTICULATE MATTER

· AEROSOL - SOLID OR LIQ. DROPLETS SUSPENDED IN GAS

· DUST, ASH, SOOT, LINT, SMOKE, POLLEN, SPORES, ALGAL CELLS, 

· ANTHROP=100 MILLION METRIC TONS/YR

· 100X = NATURAL CAUSE

· WIND BLOWN DUST, VOLCANIC ASH, ETC.

PARTICULATE MATTER

· IF SMALLER THAN 2.5 MICROMETERS MAY DAMAGE RESP. TISSUES

· ASBESTOS AND CIG’S MOST DANGEROUS, CARCINOGENIC

Particulate Matter Production

· PM-10 particulate matter - matter that that is less than 10microns in diameter (most dangerous)

VOLATILE ORGANIC CPDS (VOC’S)

· PLANTS RELEASE 350 MEG’S

· 400 MEGAS OF CH4 BY WETLANDS, RICE PATTIES AND THE GAIA GUTS OF TERMITES AND RUMINANTS AND YOU.

· THESE USUALLY OXIDIZED TO CO AND CO2

(VOC’S)

· 28 MEGAS OF SYNTHETIC VOC’S IN US 

· BENZENE, TOLUENE, FORMALDEHYDE, VINYL CHLORIDE, PHENOLS, CHLOROFORM, TRICHLOROETHELENE

· MAINLY FROM TRANSP, POWER PLANTS, CHEM PLANTS AND REFINERIES

· 2 MILLION TONS OF TOXICS

· 52,000 TONS OF CARCINOGENIC DICHLOROMETHANE(SOLVENT AND PAINT STRIPPER 

VOC’s emitted by humans

· Humans are responsible for 20% of annual VOC emission

VOC’s emitted by humans

· Some are also produced in the burning of fuel for transportation

· Most are produced in paint and cleaning solution formation

PHOTOCHEMICAL OXIDANTS

· SPLIT MOLECULAR O2 OR NO2 TO FORM SINGLE OXYGEN

· SECONDARY ATMOSPHERIC RXNS DRIVEN BY SOLAR ENERGY

PHOTOCHEMICAL OXIDANTS

· 1. O2+UV= O+O

· 2. NO2 + UV = NO + O

· 3. O + O2 = O3 (OZONE)

· 4. O3 + NO = O2 + NO2

· 5. NO + VOC = NO2 + O3 +PAN (peroxyacetylnitrate) + ALDEHYDES

· NO2+UV+VOC+O2=NO2+O3+PAN+ALDEHYDES

Picture of Photochemical Smog

industrial smog

· C +02 = CO2

· 2C + O2 = 2CO

· S + O2 = SO2

· 2SO2+ O2 = 2SO3

· SO3 + H2O = H2SO4

· 2NH3 + H2SO4 = (NH4)2SO4   AMMONIUM SULFATE 

UNCONVENTIONAL POL.

· EPA EMISSION STANDARDS FOR NON-CRITERIA POL THAT ARE BOOCOO DANGEROUS

· ASBESTOS, BENZENE, BERYLLIUM, MERCURY, PCB’S (POLYCHLORINATED BIPHENYLS)AND VINYL CHLORIDE.

· NO NATURAL SOURCES

Effects of Topography:
 Thermal/Temperature Inversion

· Normally the air near the Earth’s surface is warmest because the sun strikes the Earth and the energy is radiated back into  the air

· The warm surface air carries the pollutants up into the air

· At night, the surface air is cool, and the higher air is warm.  Thermal inversion.

Effects of Topography:
 Thermal/Temperature Inversion

Effects of Topography:
 Thermal/Temperature Inversion

Long Range Transport of Pollution

· Pollution is carried to the poles by air currents

· Polar areas have pesticides, heavy metals, sulfates, soot etc.

· Inuits have higer levels of PCBs than any population

UNCONVENTIONAL POL.

· AESTHETIC DEGRADATION

· UNDESIRABLE CHANGES IN THE PHSICAL CHARACTERISTICS OF THE ATMOSPHERE

· NOISE,  ODORS,  LIGHT POLLUTION

· STYRENE STINKS

· ASTRONOMERS

· AIR TRAFFIC, HIGHWAYS

INDOOR AIR POLLUTION

· TOXINS UP TO 20X HIGHER IN INDOOR AIR

· SMOKING THE WORST (400,000 DEATHS/YR)

· FORMALDEHYDE

· PARTICLE BOARD, FOAM INSULATION

· VINYL CHLORIDE

· PLASTIC PLUMBING, FLOOR AND WALL COVERINGS, COUNTERTOPS

INDOOR AIR POLLUTION

· DEVLPNG CNTRYS USE BIOMASS FUELS

· 2.5 BILLION (WORLD HEALTH ORG [WHO] ) ADVERSLY AFFECTED

· SICK HOUSE SYNDROME

· 650,000 BUILDINGS

· $200 BILLION LOSS/YR IN ABSENTEEISM, PRODUCTIVITY, HEALTH COSTS

INDOOR AIR POLLUTION

· CAUSED BY MINERAL FIBERS FROM CEILING TILES, FORMALDEHYDE IN MATERIALS, GLUES, CAROETS ETC.

· WORSE AROUND COMPUTERS

EFFECTS

· INDOOR  + OUTDOOR AIR POL = 150,000 TO 300,000 PREMATURE DEATHS, 150 BILLION IN HEALTH CARE AND LOSS OF PRODUCTIVITY

· CILIA DAMAGED

· LUNG CANCER, ASTHMA, CHRONIC BRONCHITIS, EMPHYSEMA  KILLS 65-150 THOUSAND / YR IN US, 250,000 / YR IN POL. RELATED BRONCHITIS AND EMPHYSEMA (office of tech assess.)

EFFECTS

· NO’S ENCOURAGE SPREAD OF MELANOMA

· OZONE EXPOSURE - SMALL LUNGS IN INFANTS, 2X RISK OF CANCER

· DAMAGE PLANTS

· BRAK DOWN CUTICLE IN LEAVES, LEACH MAGNESIUM (CHLOROSIS) 

· DECREASE TREE PRODUCTIVITY (17%)

· DECREASE CROP YIELD (5-10%)

EFFECTS

· plant damage

· SYNERGISTIC EFFECTS

· INWHITE PINE SUBTHRESHOLD LEVELS OF O3 ONF SO2= BAD, IN ALFAFA, ITS NOT AS BAD AS IND. EFFECTS…GO FIGURE!

· CAMELS HUMP VT.

· 50% DECLINE IN FOREST GROWTH OF RED SPRUCE IN 15 YEARS IN HIGH ELEVATIONS

· W. GERMANY- 50% OF FORESTS IN DECLINE (‘85)

EFFECTS

· MATERIALS

· RESTORING COLOGNE’S GOTHIC CATHEDRAL = $1.5 - 2.0 BILLION

· COUNCIL ON ENV QUALITY EST $4.8 BILIION IN DIRECT COSTS, $5.2 BILLION IN PROPERTY DAMAGE

· VISIBILITY

· 3000 KM HAZE BLOB - EAST US

· WOULD BE 90 MI VISIBILITY W/O POL RATHER THAN 12 MI ON A CLEAR DAY

The effects of pollution on BUILDINGS & MONUMENTS

· It was reported this week that the frieze from the Nike temple on the Acropolis is going to have to be removed because it is being eroded by acid rin

EFFECTS

· SO4 = 2/3 DEPOSITION, NO’S = 1/3, = IN URBAN AREAS

· KILLS AQUATICS

· ACID SHOCK

· FISH FRY DIE AT PH OF 5

· ALUMINUM AND MERCURY

· LESS DESIRABLES (CARP) MORE RESISTANT

· 1/2 OF ADIRONDACK LAKES ABOVE 3300 FT HAVE NO MORE FISH

The effects of pollution on VISIBILITY

· Visibility has decreased much over the last 100 years

· As much as 80% visibility is reduced over an area 3000km across in the Eastern U.S. in summer

· Effects in Southern California  are well known to all of us

What are the effects of pollution on human health?

· Diseases:

· asthma

· lung cancer

· chronic bronchitis

· emphysema

CONTROLS

· MOVE TO REMOTE REGIONS

· PARTICULATE REMOVAL

· FILTERS

· ELECTROSTATIC PRECIPITATORS

· SULFUR REMOVAL

· SWITCH TO CLEAN FUEL

· LIMESTONE INJECTION (CASO4 GYPSUM)

· FLUIDIZED BED COMBUSTION

CONTROLS

· SULFUR REMOVAL (CONT)

· FLUE GAS SCRUBBING

· WET (YUCKY)

· DRY ALKALI INJECTION

· SULFUR RECOVERY PROCESS

· CATALYTIC CONVERTERS

Controlling Air Pollution: 
Sulfur Removal

· Changing or cleaning fuels

· Limestone injection

· mixing limestone with coal during burning removes sulfur, but creates slag 

· Fluidized bed combustion

· limestone  and coal are burned in a bed, suspended by pressurized air. Sulfur is drawn off as it is created, and heat transfer is more efficient

· can use higher sulfur coal

Controlling Air Pollution: 
Sulfur Removal

· Scrubbing (flue gas desulfurization)

· gases are bubbled through a slurry (watery mixture of limestone)

· the gases react, and the sulfur is removed

· sludge produced must be disposed of carefully 

CONTROLS

· NITROGEN OXIDES

· STAGED BURNERS, HEAT FUEL IN STAGES, REDUCE NO BY 50%, STRATIFIED CHARGE ENGINES

· 3 WAY CATALYTIC CONVERTERS, PLAT, PALADIUM, RHODIUM, REMOVE 90% NO, CO AND HC’S

· RAPRENOX- REACT WITH CYANURIC ACID = N2

CONTROLS

· HYDROCARBON CONTROLS

· BETTER CLOSED SYSTEMS

· POSITIVE CRANKCASE VENTILATION (PVC)

· AFTERBURNERS IN EXHAUST STACKS AND WOODBURNERS

· TUNE UPS (REALLY IMPORTANT)

Controlling Air Pollution: Particulate Removal

CLEAN AIR ACT

· 1963 -CALL FOR RESEARCH, SOME FUNDS GIVEN TO STATES

· 1965- CAR STANDARDS

· 1970- EARTH DAY ---CLEAN AIR ACT

· NAT’L AMBIENT AIR QUALITY STANDARDS

· PRIMARY STANDARDS PROTECT HEALTH

· SECONDARY STANDARDS- MATRIALS, CROPS, CLIMATE VISIBILITY

CLEAN AIR ACT

· 1990- SO2 REDUCED FROM CURRENT 24 MEGAS TO 10 MEGAS IN 2000, NO2 6 MEGAS TO 4 IN 1992 (BY ‘93 SO2 DOWN 33%

· 111 BIGGEST POLLUTERS HAVE STANDARDS

· URBAN SMOG, HC AND NO REDUCED 35 AND 60% BY 1996

CLEAN AIR ACT

· 1990 (CONT)

· 1998 POL CONTROLS ON CARS MUST LAST 10 YRS, MUST PRODUCE 300,000 ALT FUEL CARS

· 189 CHEM LISTED AND MONITERED AS TOXIC, MUST REDUCE 90% BY 2003

· OZONE PROTECTION CFC’S AND CCL4 OUT BY 2000, METHYL CHLOROFORM BY 2002

· 1990 (CONT)

· MARKETING POLLUTION RIGHTS

· CLEAN AIR CONSERVANCY

· WORKERS COMP FOR DISPLACED WORKERS ( HIGH SULFUR COAL MINERS IN APPALACHIANS)

Ambient Air Pollutants

Trends in Car Emissions

THE GOOD NEWS

· Pollution control measures are working

· The health of the world’s air (on average) is getting better

· The air in L.A. is the best that it has been in 30-40 years

· Although our CO2 emissions continue to increase, other pollutants are decreasing

