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Chem&Soc – Chemistry & Environment

Air Pollution

Pollution is the introduction of waste matter or energy into the environment so that caused damage or deterioration to living systems or environment

Air Pollution:

· Major pollutant: CO, SO2, nitrogen oxides, hydrocarbons, O3, Particulates

· Formed during combustion of fossil fuels

· Pollutants & their effect:

Pollutants
Source
Effect

Carbon monoxide
Incomplete burning of carbon-containing fuels
1. Failure of hemoglobin to carry oxygen in blood

2. Causes death

Sulphur dioxide
Burning fossil fuels
1. Damage to respiratory systems

2. Increase in asthma attacks

3. Formation of acid rain

Nitrogen oxides
1. Petrol or diesel-burning engines

2. Coal or oil furnaces
1. Formation of photochemical smog

2. Damage to lung tissues and blood vessels

3. Formation of acid rain

Hydrocarbons
1. Evaporation of organic materials

2. Car exhaust
1. Formation of photochemical smog

2. Carcinogenic

Ozone
Reaction of oxygen with free oxygen atom
1. Eye irritation

2. Aggravates asthma

3. Damage to plants

4. Early deterioration of rubber and fabrics

Particulates
1. Refuse incineration

2. Factories

3. Diesel vehicles

4. Construction sites

5. Coal/charcoal burners
1. Constriction of respiratory passage

2. Damage to lung tissues

3. Respiratory illness

4. Carcinogenic

· Concentration of pollutants are described by part per million, ppm

· ppm:
No. of pollutant molecules per one million air molecules
 

= No. of unit volume of pollutant per a million unit volume of air

Alternative unit: Microgram per cubic meter gm–3
· Mass of pollutant in 1m3 volume of air

· ppm and gm–3 can be interconverted by ideal gas law: PV = nRT

· Acid rain: Rain water w/pH value  5.6

· Formation due to acidic gaseous product (SO2, NO2)
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Acid rain can damage plants, aquatic organisms, metal / stoneworks, deteriorates building, rocks and statue

· Photochemical smog: Smog formed under the influence of sunlight

· Smog = Smoke + Fog

· [image: image1.wmf]3

    

2

    

2

2

4

2

O

 

3

2

    

2

2

4

2

O

H

3

O

2

4HNO

 

 

O

 

 

O

2H

 

 

4NO

SO

H

 

 

SO

H

 

 

O

H

 

 

SO

SO

H

 

 

SO

 

 

SO

2

2

¾

®

¾

¾

®

¾

+

¾

®

¾

¾

®

¾

+

¾

®

¾

¾

®

¾

×

Photochemical smog is a mixture of pollutants including particulates, nitrogen oxides, O3, aldehydes, peroxyactyl nitrate (PAN), hydrocarbons, etc.

· Irritating brownish haze

· Causes headaches, Irritation to eye, nose & throat, Impairing lung functions, Cough & wheeze

Ozone:

· Ozone (O3) is a pale blue gas with pungent chlorine-like odor

O3 is formed at stratosphere (20-50 km above the ground) by absorption of UV:
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· Absorbs UV of =250nm

· O3 in stratosphere is then absorbs UV of =215-295nm to dissociation

· Photodissociation: 
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Ozone-oxygen cycle screens 99% UV radiation

· Thinning of ozone layer: Skin cancer, Eye cataract, Decrease in yield of crops

Chlorofluorocarbons:

· CFCs: A family of compound containing Cl, F, C

· Usage:

· Aerosal propellants

· Liquid state in pressurized cans
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· Solvents in cleaning electronic components & metals

· Refrigerants: Since CFC is non-toxic & non-corrosive

· Safer

· Absorb heat of vaporization to cool surroundings

· Blowing agents in manufacture of foam plastic

· CFCs has long lifetime, light, unreactive & non-biodegradable

· Accumulates in high levels of atmosphere (stratosphere)

· Under UV, CFC dissociates and gives Cl free radicals
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· A series of chain reactions to destroy ozone

· Depletion of ozone

· Alternatives for CFCs:

· Hydrochlorofluorocarbons: Less stable, break down quickly in atmosphere

· Could still damage ozone layer if overused though it has a lower ozone depletion potential

· Hydrofluorocarbons: Has no chlorine and ozone safe, but it is toxic

· Hydrocarbons: Contain no Cl and ozone safe, but flammable and poisonous

Water Pollution

Water Pollution:

· Water pollution is the degeneration of the quality of water by the introduction of chemical, physical & biological wastes into rivers, streams, lakes & oceans

· Pollutants & effects:

Pollutant
Harmful Effect

Livestock waste
1. Release noxious gases

2. Lead in the death of aquatic organisms

Oil spillage
1. Clog the feathers of sea birds and prevent them from flying or swimming

2. Interfere with the insulation of the feathers of birds

3. Poison birds by ingestion

4. Prevent dissolution of oxygen

5. Spoil recreational resorts

Residues of pesticides
1. Toxic

2. Accumulate along food chains

3. Potential for damaging internal organs

4. Harmful on reproduction of animals

Detergents in sewage
1. Cause eutrophication

2. Foaming in rivers and lakes

3. Lead to the death of aquatic organisms

Industrial effluents
1. Toxic

2. Accumulate along food chains

Water Quality:

· Dissolved oxygen (DO) is used as an indicator of oxygen content in water

· Measured in mg dm–3 or percentage saturation

· Fish need 4-5 mg dm–3 DO to survive

· Depletion of oxygen maybe caused by biological degradation of waste matter

· Biological oxygen demand (BOD) is the amount of oxygen required to break down organic matter present in water

· High BOD = Lots of organic matter in water

· Low BOD = Little organic matter in water

· Natural water has BOD of 1-4 mg dm–3
If BOD  Oxygen replenished, Aquatic organism may die and organic debris will accumulate

· Producing unpleasant odor & taste

· Five day BOD (BOD5) is a measure for oxygen consumed in a water sample at 20°C for 5 days

· BOD5 = (DO at first day) – (DO after fifth day)

Solid Waste

Solid Waste:

· Solid waste is produced by domestic households, commercial & manufacturing industries, construction sites

· Domestic waste contain 40% of Paper, plastic and metals

· Disposal of solid waste:

· Incineration:
Reduces wastes of 85% volume
 
Kills disease-causing organisms
 
No water pollutant, but polluting atmosphere with toxic gas

· Landfilling: Wastes are compressed and covered with earth on landfill sites

· May produce landfill gas (methane) and leachate (highly polluting water)

Pollution problems associated with the disposal of plastics:

· Plastics are tailored for long life

· Do not decompose after long time

· Delaying the reuse of landfill sites

· Incineration of plastic causes air pollution

· Evolves HCl, etc.

· Dispose plastic in sea endangers aquatic life as plastic fragments clogged their digestive tracts or suffocates them

· Solution: Develop degradable plastics or Recycling

· Biopolymers: Polymers that can be made by micro-organisms

· Photodegradable: Contains C=O group

· Biodegradable: Contains starch / cellulose

Pollution Control in Hong Kong

Air pollution:

· Use of unleaded petrol

· Lead cpd was added to petrol to prevent knocking but it’s toxic

· Install catalytic converter

· Made of rhodium and platinum / palladium

· 2 NO(g) + 2 CO(g) 
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· Catalytic converter work only on unleaded petrol

· Limited the sulphur content in fuels

· Reduce sulphur dioxide emissions from burning fossil fuels

Desulphurization of flue gas

· Further decrease SO2 emissions in coal-fired plant

· The flue gas desulphurization system (FGD) uses wet limestome-gypsum scrubbing process to remove 90% SO2 from flue gas

SO2(g) + H2O(() (( H2SO3(aq)
CaCO3(s) + H2SO3(aq) (( CaSO3(s) + CO2(g) + H2O(()
CaSO3(s) + ½O2(aq) (( CaSO4(s)
CaSO3(s) + ½H2O(() (( CaSO3··½H2O(aq)
CaSO4(s) + 2H2O(() (( CaSO4··2H2O(aq)
· Electrostatic precipitation in Power Plants:

· Removes 99% the fly ash precipitated in flue gas beforereleasing itno atmosphere

· Use of low nitrogen oxide burners

· By using modified conditions (lowered temperature) to reduce the nitrogen oxides formation by 50%

Sewage Treatment:

· Primary treatment

· Removes 60% solid, Reduces BOD by 35%

· Screens the large objects and grit particles

· To primary sedimentation tanks to settle out suspended solids

· Removed as sludge

· Secondary treatment

· The effluent is then moved to aeration tanks to mix with air and micro-organisms

· Digests organic matter

· Removed overall 90% solid as sludge and reduced 95% BOD

· The effluent is then chlorinated to kill micro-organisms and then discharged or further treated to remove NO3– or PO3–
· Tertiary treatment

· Sludge treatment

· The sludge removed is then treated to remove pathogen / reduce volume / biodegrade organic matter

· Produces biogas (methane)

· The treated sludge is dried and disposed to landfill sites

Treatment of Chemical Wastes:

· Chemical waste is produced by electroplating, electronic, electrical industries and scientific product manufacturer

· Chemical waste: Acid, Alkali, Organic solvents, Cyanide, Heavy metals, Oily waste

· They are corrosive, flammable, poisonous and give off toxic explosive vapor

· Treatment of chemical waste in chemical waste treatment center:

A. Oil-water separation system

· Recovers waste oil from oily water mixture

B. Physical-Chemical treatment system

· Separates oil from oily water and water from residues

· Neutralize acids and bases

· Use slaked lime to neutralize acid: Ca(OH)2 + 2H3O+ (( Ca2+ + 4H2O

· Use sulphuric(VI) acid to neutralize alkali

· Removes metals from metal-containing waste by alkali
  Mn+ + nOH– (( M(OH)n(s)
· Precipitation

· Reduction of Cr(VI) cpd to Cr(III) cpd

· Cr(VI) is a soluble toxic cpd in effluent of metal-finishing plants

· It is reduced to non-toxic Cr(III) then precipitated
  2H2CrO4(aq) + 3Na2SO3(aq) + 3H2SO4(aq) (( Cr2(SO4)3(aq) + 3Na2SO4(aq) + 5H2O(()
  Cr2(SO4)3(aq) + 6NaOH(aq) (( 2Cr(OH)3(s) + 3Na2SO4(aq)
C. High temperature Incineration

· Decomposing toxic organic cpds & cyanides to CO2, H2O and various gases

· It reduces the bulk of the waste and eliminating the problem of liquid waste disposal
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