Pollution

IB syllabus:  5.1.1-5.1.3, 5.2.1-5.2.3, 5.3.1-5.3.3

Ch 19

Video – Strange Days on Planet Earth 2 – dirty secrets

Labs  colliform testing

Waterway’s health in a bag

Syllabus statements

5.1.1:  Define the term pollution

5.1.2:  Distinguish the terms point source pollution and non-point source pollution and outline the challenges they present for management

5.2.3:  State the major sources of pollutants

Syllabus statements

5.2.1:  Describe two direct methods of monitoring pollution

5.2.2:  Define the term biological oxygen demand (BOD) and explain how this indirect method is used to assess pollution levels in water

5.2.3:  Describe and explain an indirect method of measuring pollution levels using a biotic index

Syllabus statements

5.3.1:  Outline approaches to pollution management with respect to figure 5

5.3.2:  Discuss the human factors that affect the approaches to pollution management

5.3.3:  Evaluate the costs and benefits to society of the World Health Organization’s ban on the use of the pesticide DDT

Pollution is

The addition to an environment of a substance or an agent (such as heat) by human activity faster than it can be rendered harmless by the environment and which has an appreciable effect on organisms within it

Pollution comes from

Combustion of fossil fuels ( carbon, sulfur, & nitrogen oxides; particulates; heavy metals 

Domestic and industrial waste (garbage; sewage, materials, toxic waste 

Manufacturing ( others above plus chemicals and toxins; packaging; shipping 

Agricultural systems ( pesticides; animal and plant wastes; fertilizers; others above 

Pollution goes to 

The air ( but we need clean air to breathe to survive

The water  ( but we need fresh water to drink, and depend on aquatic species for food

The land (  but we grow our food on the land and live on it 

Types of Pollution Sources

1. Point Sources

· Discharge pollutants at specific locations

· Factories, sewage treatment plants, mines

2. Non point sources

· Cannot be traced to a single point of discharge

· Acid deposition, surface runoff

· Agricultural forms – sediment, fertilizer, manure

64% total pollutants entering in US

Point vs. Nonpoint

Which is easier to control?

· Point sources  are easier to manage because effects are localized

· Allows emission control 

· Allows determination of responsibility and taking legal action

We need to monitor this pollution

Various techniques are used to measure this pollution in its different locations

Monitoring water Quality

1. Sampling coliform bacteria colonies 

( 0 / 100 ml for drinking, 200 / 100 ml swimming

1. BOD measurements of decomposer content

2. Chemical analyses – test for pollutants (Pb, Hg, etc.) or nitrates, nitrites, ammonium

3. Indicator species – amphibians, trout, aquatic birds

Water monitoring – Coliform testing

Coliform bacteria from feces – maybe from natural animals but also input from sewage

Take water samples at desired locations (here taken along the beach)

Plate out a know volume of water on a nutrient medium (some media allow staining of colonies)

Incubate overnight then count number of colonies observed

NZ water quality monitoring ex.

BOD measurements

BOD = Biological oxygen demand ( A measure of the amount of dissolved oxygen required to break down organic matter in a given volume of water through aerobic biological activity

Indirect means of measuring pollution levels in the environment

Usually measured in context of sewage pollution

BOD

Sewage carried with it disease organisms, detergents & nutrients

Causes enrichment (excess nutrients we’ll deal with this in eutrophication section) and oxygen demand

Degraded through decomposition by microorganisms through process of cell respiration into H2O, CO2 
Requires oxygen which is also used by other aquatic organisms

BOD

Oxygen has limited ability to dissolve into water

With excess organics little oxygen left for organisms

In extreme situations all fish die

May lead to dead zone formation

Sewage and other organic wastes are measured in terms of their BOD

This is amount of oxygen microorganisms need to decompose wastes

Usually expressed in mg/L

When there is a high BOD, the DO is low 

Microorganisms also produce copounds with unpleasant odors

Great Lakes Case Study

20% of world fresh surface water

14% US population lives here

Suffering from – eutrophication, fish kills, bacterial contamination, toxic waste

$20 billion pollution control program now in place

Drop in many of pollutants but long way to go

Laws and reforms

U.S. Clean Water Act: 1972  and amended in 1977

Improved overall quality but still work to be done

2002 “Discharge trading policy” – polluters can go beyond quota by borrowing from others

Is our water policy too restrictive?

Should it be even stricter?

Sewage Treatment

1. 97% suspended solids removed

2. 95% oxygen demanding wastes removed

3. 70% toxic metals removed

4. 70% phosphorous, 50% nitrates removed

5. 5% dissolved salts

6. Only a fraction of pesticides, radioactive substances, etc.

7. Most cities not fully effective in water treatment processes

Air pollution

Presence of one or more chemicals in the atmosphere in amount to cause

Harm to life forms & materials

Alteration of climate

6 major classes of pollutants

Some natural sources, mostly man made (anthropogenic)

Stationary vs Mobile sources
Primary pollutants = Emitted directly into troposphere in a harmful form

Secondary pollutants = reaction of primary pollutants with each other & basic air components

Major Air Pollutants

Distribution of Air pollutants

Mostly concentrated in urban areas

Prevailing winds distribute them to down wind areas

Even around the earth

Government mandated standards for 6 criteria air pollutants (Table 17-2)

CO: carbon monoxide, NO2: nitrogen oxide, SO2:sulfur dioxide, O3: ozone, Pb: lead, SPM: suspended particulate matter 
Monitoring Air Pollution

Monitoring ozone, sulfur and nitrogen oxides, carbon monoxide, particulates

Capture known volume

Measujre amount of target chemical with ( Gaseous sampling probes, spectrometers, etc. 

Set sampling points – monitor over time

Observe changes taking place

Can be measured indirectly as well

Recall indicator species – like amphibians, songbirds, trout, - are those whose health indicates the health of the environment

Part of this depends on the range of tolerance for the target species as well

Indirect Measurement

We can use other aspects of populations and communities as rough indices too

Biomonitoring – who’s there 

Abundance – How many of each organism

Biodiversity calculations work well

Simpson’s Index in two areas – polluted and unpolluted

Pollution sensitive organisms – presence indicates healthy habitat

Moderately Pollution tolerant organisms – presence indicates some habitat concerns

Pollution tolerant organisms – presence indicates habitat concerns

Or just calculate biodiversity

Sample upstream and down stream from point source pollution

Identify organisms and count numbers of each

Use diversity equation –get a relative diversity & lower D ( more polluted 

Pollution Management

Human pollutants produce long term and far reaching effects

Strategies for reducing impacts can be directed at three different levels in the process

1. Altering the human activity

2. Reducing the quantity of pollutant released at the point of emission

3. Cleaning up the pollutant and restoring the ecosystem after pollution occurs

Of course the earlier action is taken the better – stopping the emissions altogether would be best

Remember the need for collaboration in the management of pollution

National, state and local policy working in concert

Lets look at this through coal fired electricity production 

Altering the human activity

Value

Stop pollution before it’s produced

Can generally have multiple good effects – conserving home energy reduces greenhouse gasses, acid deposition, photochemical smog, conserves resources

Limitations

Requires behavior changes and people resist that

Individuals sometimes miss big picture importance of their actions

Reducing the quantity of pollutant released at the point of emission 

Value

Same production but with limit on the pollution

Removes it at emission source – easy to identify necessary location

Limitations

Pollution not gone – still retained in the slurry material

Must be disposed of – landfill

Still producing just as much CO2

Expensive

Cleaning up the pollutant and restoring the ecosystem after pollution occurs

Value

Negative effects can be mitigated

Get the value of the process along the way

May be cheaper short term than cost of scrubbers

Limitations

Impact happens

Behaviors don’t change

It’s hard to get back to the pristine state

If pollution continues to happen then this is only temporary

How easy is clean up here?

Solutions

Clean Air Acts Passed in 1970, 1977, 1990

National ambient air quality standards established by EPA (Table 17-2)

Primary standards protect human health, secondary standards protect environment

National emission standards established

Various factors effect management approaches

Socioeconomics – LEDC’s more likely to use dirty processes and less likely to spend money on clean techniques

Government – GDP looks better if industry operates maximally – regardless of impact

Culture – Connection to the land and respect for it influences behaviors toward it

Pollution Economics:  Cost-Benefit Diagram

What about us?

US culture based on personal freedoms and consumption

Aside from Green movement, in most cases this means we move away from altering our activity unless we want to or see a personal benefit ($$ for other stuff)

Modification of output depends on government policy – clean air and water acts help but remember that industry is profit driven

So we end up at the clean up level

Often done by exporting our problems / waste to other countries

Mountain of Waste
The city of Guiyu is home to 5,500 businesses devoted to processing discarded electronics, known as e-waste. According to local websites, the region dismantles 1.5 million pounds of junked computers, cell phones and other devices a year.

Sometimes the regulation of pollutants is controversial

DDT - dichlorodiphenyltrichloroethane is one of the most well-known synthetic pesticides

Use as insecticide starts in 1939 resulting in drops in malaria and typhus & other insect transmitted diseases

1962 Rachel Carson writes Silent Spring 

Resulting public outcry about potential linkage to human cancer and food web effects 

1972 banned in US, worldwide in Stockholm convention (2001) under guidance of UNEP

Benefits of the ban

Recovery of raptors like bald eagles who were effected by thinning eggshells from biomagnification

In humans avoid the 

Shown linkages to breast and other cancers

Acute and chronically toxic – links to diabetes too

Developmental issues, premature births

Costs of the ban

WHO in 1955 tried to eradicate malaria worldwide through extensive use of DDT – resistance in insects started to develop

Now malaria kills 1 million per year and moderate spraying or paint infusion or bed nets dipped in it might help without negative health effects

Critics say worldwide ban based on people who have little to lose in comfort of developed countries banning what could help people in the “poor tropics”

Remember

Pollution is always a choice

A choice of lifestyle

A choice of food

A choice of priorities

Choose wisely…

Into the Future…

1. Integrate government policies for energy and air pollution

2. Improve energy efficiency to reduce the use and waste of fossil fuels

3. Rely more on not polluting energy sources

4. Regulating air quality more strictly

5. Reduce poverty 

6. Reduce / ban smoking?

Review Points

Eutrophication 

Syllabus statements:  5.4.1-5.4.3

Chapter

Video

Labs: 

Syllabus statements 

5.4.1:  Outline the process of eutrophication 

5.4.2:  Evaluate the main impacts of eutrophication 

5.4.3:  describe and evaluate pollution management strategies with respect to eutrophication 

Eutrophication is 

The natural or artificial enhancement of a body of water, particularly with respect to nitrates and phosphates, that results in depletion of the oxygen content of the water

It is accelerated by human activities that add detergents, sewage or agricultural fertilizers to bodies of water 

Satellite imagery of the Caspian Sea showing increased turbidity (cloudiness) in the north and east ( eutrophication 

Process overview 

1. Increase in nitrates and phosphates

2. Rapid growth of algae

3. Accumulation of dead organic material

4. High rate of decomposition

5. Decrease in oxygen

Enhancing natural effect 

In natural conditions ( plant communities uptake nutrients and clays in soils trap them

Human alterations remove this storage and increase inputs as well

Sewage effluent – nutrients from waste plus detergents (phosphates)

Agriculture – animal waste & inorganic fertilizer runoff 

Feedback mechanism 

Positive feedback involved

More nutrients mean more plants

More dead plants means more organics means more nutrients

More plants…

Until death and decomposition outweighs everything else… 

Eutrophication Impacts 

Death of Aerobic organisms

Increased turbidity

Loss of macrophytes 

Reduction in the length of food chains

Loss of biodiversity

Dead Zone formation 

Worldwide problem in coastal waters (146 areas)

In Gulf of Mexico – mouth of Mississippi – area the size of Massachusetts gets so O depleted (hypoxic) that every aerobic organism that can’t flee dies

Varies in size but growing

Nearshore waters are important fisheries (Gulf one is 18% of US catch) and nursery grounds 

They are in jeopardy

Recall Pollution Management

Human pollutants produce long term and far reaching effects

Strategies for reducing impacts can be directed at three different levels in the process

1. Altering the human activity

2. Reducing the quantity of pollutant released at the point of emission

3. Cleaning up the pollutant and restoring the ecosystem after pollution occurs

Altering the Activity that Pollutes 

Phosphate free detergents in the home

Reduced residential use of lawn fertilizers

Move agriculture away from inorganic broad scale fertilizers to specifically applied organic fertilizers and manures

Soil conservation 

Regulating and Reducing emissions 

Sewage treatment modifications

Traditionally remove solids and purify but leave nutrients in effluent

Advanced (more $$$) but removes nutrients for agricultural application 

Treatment marshes on farms

Use natural wetland capabilities  for farm waste treatment 

Clean up and Restoration 

Mud can be pumped out of eutrophic lakes

Plants can be reintroduced to restart natural nutrient cycling

Once that takes hold reintroduce fish 

Remember there are many factors to stop 

Solid Domestic Waste 

IB Syllabus  5.5.1, 5.5.2 

AP Syllabus

Ch 21

Personal Waste Audit 

Syllabus Statements 

5.5.1:  Outline the types of solid domestic waste

5.5.2:  Describe and evaluate pollution management strategies for solid domestic (municipal) wastes 

What’s in your waste? 

Paper, glass, metal, plastic, organic waste (kitchen waste), packaging

4 pounds per person per day!

The United States Extracts 

10 tons (20,000 pounds) of food, fuel, forestry products, metals and nonmetallic ores per person from U.S. territories each year. 

Over 90 percent of these resources become waste (municipal and industrial) within a few months of being extracted.* 

Increasingly wasteful 

In 1960, per capita generation was 2.7 pounds per person while total waste generation was 88.1 million tons. 

In 1980 per capita generation rose to 3.7 pounds per day while total waste generation was 121 million tons. 

In 2000, the per capita generation of waste was 4.5 pounds per person per data, total waste generation was 232 million tons 

Is incineration the answer?

16% of MSW is combusted in mass burn incinerators

80% of hazardous waste is burned in commercial incinerators

Use of incineration has decreased 

High cost

Air pollution & health concerns

Public opinion is poor

Is land disposal the solution?

54% MSW disposed of in landfills in US

Sanitary landfill

Waste spread in thin layers; compacted; covered daily with fresh foam or clay 

Lined landfills prevent groundwater contamination

Pipes vent gasses which build up

Leachate from older landfills contaminates water bodies 7 aquifer

Can we close the loop 

Making the process greener requires the use of negative feedback

Need to recycle or compost to turn the waste into a useful product

Recycling 

Every ton of recycled paper saves 17 trees, 7,000 gallons of water, 4,100 kWh  energy and 3 cubic yards of landfill space

30.1% of US municipal solid waste is now recycled

45% of paper, 26% of glass, <20% plastic, 55% aluminum cans

Plastic is hard because there are 46 different kinds

Some areas promote it by a pay per bag approach to non recycled trash 

Recycling problems 

Some food containers are not made for easy recycling – juice boxes

Some toxic sludge from non recyclable parts

Some products that could be made from recycled materials aren’t

http://kleercut.net/en/node/324 = Kleenex clearcut 

Composting 

Allowing for the complete breakdown of biodegradable materials

Creates humus – highly valuable fertile material

Example of upcycling of waste

Other Methods

1. Deep well injection

· Liquid wastes are pumped into porous rock below aquifers

2. Surface impoundments

· Pits or ponds for liquid hazardous waste storage

· 70% in Us have no liner

3. Secure waste storage facilities

· Above or below ground – reinforced concrete

4. Exporting hazardous wastes

· Pay poor countries to take it off our hands

Mercury: A Waste Case Study

Potent neurotoxin – harm nervous system of developing fetus

Exposure:  inhaling vapors, eating contaminated fish

Human inputs:  coal burning, waste incineration, furnaces for recycling

We have doubled or tripled the mercury concentration in the atmosphere

Figure 21-19
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Mercury Reduction

Emissions control

Lower allowed emissions from incinerators & coal burning plants

Tax each unit of mercury emitted

Remove mercury from emissions

Prevention

Phase out coal

Remove mercury from coal before use

Prohibit use of mercury in products

Phase out incinerator wastes

· Stratospheric Ozone Depletion

· IB syllabus: 5.6.1-5.6.6 

· AP syllabus

· Ch 17, 18

· Video – The Hole Story 

· Syllabus Statements 

· 5.6.1:  Outline the overall structure and composition of the atmosphere

· 5.6.2: Describe the role of ozone in the absorption of UV radiation.

· 5.6.3: Explain the interaction between ozone and halogenated organic gasses.

· 5.6.4: State the effects of UV radiation on living tissues and biological productivity.

· 5.6.5: Describe three methods of reducing the manufacture and release of ozone-depleting substances

· 5.6.6:  Describe and evaluate the role of national and international organizations in reducing the emissions of ozone-depleting substances

· Atmospheric Structure

· Layered structure – Troposphere, Stratosphere, Mesosphere, Thermosphere

· Troposphere is layer next to earth’s surface – 75-80% of mass of earth’s air

· Atmospheric composition ( 78% nitrogen, 21% oxygen, trace amounts of water, argon, carbon dioxide

· Lapse rate – rate at which temperature declines with increasing altitude in the troposphere 

· Layers of the Atmosphere

· Ozone

· Ozone is O3 formed from O + O2 

· Found in the lower Stratosphere as the ozone layer – good protective qualities

· Found in the Troposphere as a result of human pollution – bad qualities photochemical oxidant

· Ozone Formation 

· O3 + UV ( O + O2 

· O + O ( O2

· O + O2  ( O3

· It’s Replenishable 
· Ozone absorbs UV radiation 

· When UV strikes O3 it is absorbed and its energy used to break the chemical bond

· O3 + UV ( O + O2 

· So UV doesn’t make it to the earth’s surface 

· Ozone Layer

· Layer in the lower stratosphere

· Keeps 95% of harmful UV radiation away

· Seasonal depletion of ozone layer above Arctic & Antarctic, overall thinning everywhere but tropics

· Depletion is serious long term threat to (1) humans, (2) other animals, (3) sun driven producers (plants) supporting food webs

· CFC’s (Freons)

1. Discovered in 1930

2. Chemically stable, odorless, nonflamable, nontoxic, noncorrosive ( dream chemical

3. Coolants, Propellants, Sterilants, Fumigants

4. 1974 discovered to be lowering concentrations of stratospheric ozone

5. Immediate ban called for 

· CFC’s II

· Large quantities being released – use, leaks, production of plastics

· Remain in troposphere – unreactive, insoluble very stable 

· 11-20 years to rise to stratosphere

· Release high energy Cl atoms when exposed to UV which speed up breakdown of ozone

· Each CFC lasts 65-385 years in stratosphere

· Can break down  up to 100,000 molecules of ozone

· Summary of Reactions

1. CCl3F + UV ( Cl + CCl2F

2. Cl + O3 ( ClO + O2 

3. ClO + O ( Cl + O2 

Steps 2 + 3 are repeated many times causing massive destruction of ozone

· Methyl Bromide 

· Other major ODC

· Used as a pesticide and fumigant on crops

· Kills nematodes, fungi, weeds 

· Remember that ozone breaks down naturally when it absorbs UV

· This speeds up that process and limits the regeneration of O3 

· Pollutants enhance O3 destruction ( disturbing the equilibrium of the O3 production system 

· Seasonal Polar Thinning

· Seasonal loss of ozone in summers over poles

· Ozone hole is actually ozone thinning

· Sunless winters, polar vortex causes swirling winds isolated from rest of atmosphere

· Ice crystals in clouds collect CFC’s and speed release of Cl

· Sun returns in spring / summer and frees large volumes of free Cl

· Ozone thinning travels north to effect Aus, NZ, S. Am., S. Af.

· Figure 18-29
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· Solutions & Protection

· Must immediately stop using ozone depleting chemicals

· Long recovery time afterwards due to persistence in the atmosphere

· Substitutes are available for most CFC uses 

· Hydrocarbons seem to be best for future

· How can the manufacture and release of ODC be reduced? 

· Refrigerants can be recycled

· Alternatives to gas blown plastics can be used

· Alternative propellents – hydroflourocarbons – better but a potent greenhouse gas

· Alternatives to methyl bromide can be used for fumigation and pesticides 

· Problems 

· Existing stockpiles were ok to use after the phase out

· Old CFCs continue to leak out of junked cars and fridges

· Black market trade in CFCs increasing because they are not made but still useful

· China, India, Mexico have increased use and production of CFCs 

· Full recovery expected by 2050 if current decline continues 

· Montreal Protocol

· 1987, 36 nations in Montreal

· Cut emissions of CFCs by 30% between 1989 and 2000

· After 1989 ozone thinning info new meetings in 1990, 1992 formed new Copenhagen protocol, 177 nations ( more stringent reductions required

· UNEP involved in these agreements as well as an accelerated phase out for Korea, China, India

· Montreal Multilateral Fund est’d for aiding transition

· Also studying the relative effectiveness of the measures being taken 

· In the US 

· Government ratified Montreal Protocol agreeing stop production of CFC propellents 

· Taxes levied on CFC production and use

· Corporations changing their ways

· McDonalds (1987) – stopped use of styrofoam packaging 

· Caused foam packaging industry to stop use of all CFCs by 1988 

· Next…

· Return to 1980 levels by 2050

· Assume countries follow agreement and don’t produce new ODC

· Ozone loss has been cooling troposphere masking global warming’s real effects

· Good precedent for global cooperation

· Urban Air Pollution 

· IB syllabus: 5.7.1-5.7.3 

· AP syllabus

· Ch 17, 18

· Deaths from urban air pollution 

· 3.3 Tropospheric Ozone

· 5.7.1: State the source and outline the effect of tropospheric ozone.

· 5.7.2: Outline the formation of photochemical fog

· 5.7.3:  describe and evaluate pollution management strategies for urban air pollution

· Ozone

· Ozone is O3 formed from O + O2 

· Found in the Stratosphere as the ozone layer – good protective qualities

· Found in the Troposphere as a result of human pollution – bad qualities photochemical oxidant

· Burning fossil fuels 

· Produces two major pollutants

· Hydrocarbons and nitrogen monoxide

· Nitrogen monoxide reacts with oxygen to form nitrogen dioxide  - brownish choking gas = urban haze

· Nitrogen dioxide can absorb sunlight and break –releasing free oxygen

· Free oxygen combines with O2 to make ozone 

· Ozone in the troposphere 

· Toxic gas and an oxidizing agent

· Damages crops and forests, irritates the eyes, causes breathing difficulties, may increase the susceptibility to infection

· Highly reactive – attacks fabrics and rubber 

· Photochemical Smog

· Any reaction activated by light is a photochemical reaction

· Photochemical Smog = mix of primary & secondary pollutants formed under influence of sunlight

· 100 chemical mixture dominated by photochemical ozone

· Combustion of fossil fuels in cars and industry initiated this process

1. N2 + O2 ( 2NO = in combustion process

2. 2NO + O2 ( 2NO2 = tropospheric process producing choking yellowish gas

- NO2 = brownish haze hanging over cities = smog

1. 3NO2 + H2O ( 2HNO3 + NO = some nitrogen dioxide forms nitric acid

2. NO2 + UV radiation ( NO + O = UV produces free oxygen atoms

3. O2 + O ( O3 = ozone produced in the troposphere

4. Hydrocarbons + O2 + NO ( PANs = Peroxyacyl nitrates from reaction with hydrocarbons

5. Also includes hydrocarbons, VOCs & aldehydes 

· Pollution peaks after the am commute on sunny dry days 

· Photochemical oxidants

· NO2 & O3 & PANs are photochemical oxidants

· Oxidize compounds in atmosphere, damage lungs, damage crops & trees

· Hotter temp increase concentrations of photochemical smog – early afternoon peak

· Most common in cities with sunny, warm dry climate with many cars ( LA, Denver, Mexico City, Buenos Aires 
· Precipitation washes it out of the air and winds disperse it

· When thermal inversions happen it can trap the air in valley areas

· Usually air is warmest near the surface and gets colder with increased altitude

· Occasionally a warmer air mass moves in above a colder air mass near the surface

· Since warm air is less dense it sits on top trapping the colder air & any pollution it contains at the surface

· The Great Smog in London in 1952 resulted in 1000s of deaths from inversion trapped air pollution

· Industrial Smog

· Gray air smog

· Mostly from burning of coal & oil

· Composition differences = (1) sulfur dioxide, (2) sulfuric acid, (3) aerosols & particulates (4) high CO & CO2 

· Rarely a problem in developed countries today

· Mostly Asian cities burning coal & leaded gas

· Factors Effecting Smog Formation

· Local climate & topography

· Population density

· Concentration of industry

· Fuels used for industry, transportation & heating homes

· Reductions by rain & snow cleansing the air or wind transporting pollution elsewhere

· If pollutants build up they can reach harmful or even lethal levels

· Urban Air Pollution Management 

· Reduction of Fossil Fuel Combustion

· Reduce demand for electricity

· Reduce Demand for private cars – public transportation, car sharing (zipcar)

· Switch to renewable energy

· Clean up pollution

· Catalytic converters on cars – removes toxins from car emissions

· Green architecture and design 

· http://www.zipcar.com/ 

Acid Deposition

IB syllabus: 3.5.1 – 3.5.5

AP syllabus

Ch 17

3.5 Acid Deposition

5.8.1: Outline the chemistry leading to the formation of acid precipitation

5.8.2: Describe three possible effects of acid deposition on soil, water & living organisms

5.8.3: Explain why the effect of acid deposition is regional rather than global

5.8.4:  Describe and evaluate pollution management strategies for acid deposition 

What is Acid Deposition

Coal burning power plants, smelters, cars & industrial plants emit sulfur dioxide & nitrogen oxides into the atmosphere

Tall smokestacks reduce local pollution by dilution & removal in air ( increase regional pollution

Form droplets of sulfuric acid and nitric acid & particles of acid forming sulfate & nitrate salts

Remain in atmosphere for 2-14 days before descent

Starting materials in air pollution ( sulfur dioxide & nitrogen dioxide

May mix with water in atmosphere ( wet deposition as nitric acid and sulfuric acid

May be converted into particulate compounds as sulfates and nitrates in dry deposition 

Acid Deposition = Acid Rain

1. Wet deposition

· Acidic rain, snow, fog, cloud vapor

· pH less than 5.6

· 4 - 14 days, falls in distant areas

2. Dry Deposition

· Acidic particles

· 2 – 3 days, falls near emission source

In equation form 

SOx + H20 ( H2SO4
NOx + H20 ( HNO3 
Regional Problem

Not a global problem – linked to patterns of air circulation

Problem in regions downwind from factories & large urban areas

Eastern U.S., China

Ohio river valley industry major pollution source

E.x. sulfur dioxide produced in industrial plants in Detroit area with automobile industry ( forests in Me, NH, VT experiences effects of acid deposition 

Typical Eastern U.S. precipitation 4.2 – 4.7

Natural precipitation pH = 5.6

Susceptibility

Soils may contain basic compounds like calcium carbonate or limestone to buffer some acid input

CaCO3 + 2H+ ( Ca2+ + CO2 + H2O

Sensitive areas have (1) thin, acidic soils derived from granite, or (2) soils whose buffering capacity has been reduced by years of acid deposition

Soil / bedrock types also causes this to be a regional problem 

Long range Transport

Acid emissions from western Europe effect the east

SO2 from Ohio Valley ends up in SE Canada

Fallout in Eastern US traced to SE Canada

Emissions in China end up in Japan & North and South Korea

Effects on Humans

1. Respiratory diseases like bronchitis & asthma

2. Leach toxic materials such as lead & copper from pipes into drinking water

3. Damage statues, buildings, metals, cars

4. Decreases atmospheric visibility – due to sulfate particles 

5. Lower profits, productivity & job losses in fisheries, forestry, farming

Effects on Aquatic Ecosystems

Aquatic systems in jeopardy when pH drops under 6, especially dangerous under 5 

1. Below 4.5 pH all fish populations lost – direct effect 

2. Release Al ions from soil into water causing mucus production & asphyxiation in fish – toxic effects 

3. Acid shock – excess large volume acid runoff into area with low buffering capacity

· Norway & Sweden – 16000 fishless lakes

· Canada – 14000 fishless lakes

· US – 9,000 lakes threatened

Effects on Plants & soils

Harms crops & trees directly or through soil

Damages leaves & needles by direct contact

Leaches essential nutrients out of soil – Ca, Mg ( reduces buffering of soil 7 plant productivity) – nutrient effect 

Releases Al+3 hindering nutrient and water uptake

Releases metals of Hg, Pb, Cr

Promotes growth of acid loving moss which kills trees ( take water, eliminate air in soil

Weakened plants susceptible to disease 

Remember, this is not a Global problem but a regional one most serious in 

Mountain top forests

Areas with high auto traffic

Areas downwind from industrial centers

NAPA – National Acid Precipitation Assessment Program (1980)

1. Coordinates government research

2. Assesses costs and benefits of legislation and control programs

3. Report to congress about the status

How serious is this problem?

The Good News
Drop in SOx emmission

Constant NOx emmission

Less acid precipitation in midwest, northeast

No major decline in tree growth

Human health improvements

The Bad News
Adverse effects in highly sensitive forests

Soils less fertile due to leaching effects

Atmospheric nitrate concentrations have not decreased

Toxic Al in water bodies

Need 80% more reduction for full turn around

Solutions

1. Best solutions are prevention approaches

2. Control is a political challenge ( effects distant from causes

· Coal rich countries have incentive to use it

3. Use cleaner energy production technologies

· Reduce demand for electricity & private cars

· Switch to alternative energy / renewable energy 

4. Clean up at “End of the pipe” locations ( sources of pollution

· scrubbers 

5. Need international cooperation on this because effects are transported 

· those effected have most desire to change but often can’t effect their own changes

Restoration

1. Limestone & lime can be used to neutralize soils & water bodies

· Expensive, temporary remedy; kills aquatic plants esp. those needing acidic conditions; hard to know how much to use

· Used in Sweden in early 1980’s

· Cost effectiveness is the question

2. Add Phosphate fertilizer to neutralize acidified lakes

· Further input of inorganic fertilizer to the environment

· Potentially leads to eutrophication and harmful algal blooms

Restoration II

2. Add Phosphate fertilizer to neutralize acidified lakes

· Further input of inorganic fertilizer to the environment

· Potentially leads to eutrophication and harmful algal blooms

Global Warming

IB syllabus: 6.1.1-6.1.7 

AP Syllabus

Ch 18

Video - 

http://wakeupfreakout.org/film/tipping.html 

Syllabus Statements 

6.1.1: Describe the role of greenhouse gasses in maintaining mean global temperature.

6.1.2: Describe how human activities add to greenhouse gasses.

6.1.3: Discuss qualitatively the potential effects of increased mean global temperature

6.1.4:  Discuss the feedback mechanisms that would be associated with an increase in mean global temperature

6.1.5:   describe and evaluate pollution management strategies to address the issue of global warming

6.1.6:  Outline the arguments surrounding global warming

6.1.7:  Evaluate contrasting human perceptions of the issue of global warming

Climate Change

Global climate change is a fact of earth’s history

Prolonged periods of global cooling & global warming over past 900,000 years

Glacial periods followed by warmer interglacial periods

Even in stable times regional changes in climate occur on regional scale

Evidence includes – historical records, tree rings, pollen, radioisotopes

The Natural Greenhouse effect

Balance heat moving in & out of atmosphere

Keep constant moderate average temperature normal & necessary for life

Greenhouse gas molecules trap energy as IR radiation and heat lower atmosphere

Gasses = water, methane & carbon dioxide

Water relatively constant, CO2 fluctuates

Really a tropospheric heating effect

With natural cooling average global temp = 59 ˚F 

CO2 effects

Past CO2 levels determined from ice core data – analyzing content of gas bubbles trapped in different layers of glaciers

 CO2 has varied historically but is peaking presently

Correlation between CO2 and temperature has been show dating back 460,000 years

Global Warming 

Global Warming

Since 1750, Industrial Revolution

Sharp rise in fossil fuel use, landfills ( CO2 & CH3 

Deforestation, Clear & burn grasslands ( CO2 & N2O

Rice paddies, inorganic fertilizer use ( N2O 

Mostly cars (700 million) & coal power plants

Increased greenhouse gas from humans

Enhance natural Greenhouse effect

Raise average global temperature of atmosphere near earth’s surface ( Global warming 

This one is all ours - CFCs 

Are we experiencing Global Warming?  There is no longer a question 

CO2 in troposphere highest in last 20 million years

20th century hottest in last 1000 years

Since 1861 average global temp has risen 0.74 +/- 0.18 ˚C 

Shrinking of glaciers, melting of ice caps

10 – 20 cm rise in global sea level

Change of range of species, moving to poles

Timing of seasons has changed

Evidence shows correlation not causation

Could be natural climate fluctuation

Could be global warming

Could be a combination of both

Remember that in all peer reviewed articles on the subject there is no question that this is a reality

Effects of Rapid Climate Change

1. Affect water availability, altering precipitation & evaporation patterns

2. Shift areas where crops will grow

3. Change average sea levels

4. Alter the structure & location of the world’s biomes

Where can we see change?

Antarctica:  Surrounding ice cap holds 70% world fresh water, 90% reflective ice for cooling

Pieces the size of RI, CN are breaking off

Arctic:  Ocean surface temp rising 

Greenland:  85% ice sheet coverage + closest to the equator

Can we project future changes?

Scientists create climate models

GCM – general circulation model – represents air circulation on earths surface

Also include: (1) ocean circulation, (2) air / ocean circulation, (3) solar input, (4) aerosols

IPCC – International Panel on Climate Change
(p 455 for results)

Still debate on severity of the issue

Agree that more research necessary to improve models

What will effect continued climate change?

Natural & Human influenced factors will effect the future of global climate

Factors may amplify current trends ( positive feedback

Factors may dampen current trends ( negative feedback

These factors could influence how fast and how much temperatures change

Also effect regional differences 

Feedback (Remember the time lag) 

Positive
Increase Temp

Melt Permafrost

Increased release of methane

Increase Temp more

Melt more Permafrost… 

Negative 

Increased Temp

Increased evaporation in Tropics

Increased snowfall in poles

Increase icecap cover

Increased albedo 

Decreased Temp 

Factors Effecting Temperature

1. Solar output varies overtime

May account for up to 50% of climate change

Increase in cosmic rays may decrease temperature, decrease in CR ( increase temp.

Pollutant effects may outweigh or reverse this 

1. Ice albedo (reflectivity) feedback system

Ice, snow, sand reflect most incoming sunlight

Sea ice reflects 80%, water absorbs 80% incoming solar radiation

Positive ice albedo feedback system – increase temp ( melt ice ( less albedo ( increase temp … 
Factors Effecting Temperature II

3. Ocean effects

Remove 29% of excess CO2 emissions

Solubility decreases with increased temp.

Atmospheric heat transferred into deep ocean

Ocean currents moderate global climate ( fresh water influx stops motion ( temperature drop will result

Sea level changes effect amount of heat and CO2 & earth’s biome distribution

Thermal expansion of oceans possible too 

Factors Effecting Temperature III

4. Clouds & Water Vapor content

Warmer temp increases evaporation & cloud cover

Clouds have (1) warming effect by trapping heat (positive feedback) or (2) cooling effect by reflecting heat (negative feedback)

Depends on time of day, water content and cloud type

There is an effect but the degree is uncertain

Human Factors I

1. Air Pollution 

Aerosols are condensation nuclei for clouds

Input could either amplify or dampen GW

Aerosols fall out of atmosphere & inputs are being reduced

1. Increased CO2 levels

Could lead to plant growth removing more CO2
Plants take in less as they mature, upon death they release it again

CO2 is a greenhouse gas trapping more heat

Soils may absorb some extra CO2
Human Factors II

3. Greenhouse gas production

Power production, Land clearing practices, Transportation

Regional input global distribution

Lifestyle dependency on this process

What will happen

Not a normal weather swing of a few degrees this is GLOBAL CLIMATE CHANGE

Water distribution will change

Plant and animal distribution will change

Ocean currents & sea level will change

Extreme weather may develop – drought, floods

Human health in older populations & urban areas

Effects on Distribution of Biomes

Every 1 degree temp increase shifts climate belts up 150 meters in altitude & 100 km in latitude

Ranges of warm adapted plants and animals may increase

Dispersal method may effect ability of species to keep up with climate change

 Extinction of plants and animals that could not migrate – specialized species decrease

Threaten existing wildlife reserves, parks, wetlands & coral reefs

Global agricultural regions will change characteristics

Decreased production in some areas

What can you do in your own life to effect local green house emissions?

Local Emissions Reductions

Waste less energy

Rely more on cleaner energy sources

Choose transportation wisely

Shifting to organic farming and sustainable agriculture

Gradually integrate solutions to decrease global warming, air pollution, deforestation & biodiversity loss

Global Emissions Reduction

Phase in output based carbon taxes & input based energy taxes

Increase government subsidies for energy efficiency & renewable energy technologies

Fund transfer to renewable fuels

Place global & national caps on emissions levels

Sell & trade emissions credits on open market

Remove CO2 from atmosphere – tree planting

1997 – Kyoto agreement
The implications vary 

MEDCs

Stand to lose the most economically

But have the technology to change 

Also some of biggest polluters 

LEDCs

Rapidly increasing their contribution – China & India

It’s their turn, why should they curb emissions

Cheaper energy like coal is used – lack technology for other methods

Figure 18-21
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If its inevitable how do we prepare?

Necessary reduction in emission is unlikely in needed time period

Need widespread change in industry, energy, transportation & lifestyles

We must begin to prepare for the results of not changing in time…

So what’s the argument? 

Realize even now there are dissenters 

Based on

The complexity of the problem

The uncertainty of computer models

The percieved potential harm that will be caused economic cascade caused by doing something about it

But remember the precautionary principle

If an action is potentially harmful it is the responsibility of the group causing the harm to prove that it is not, rather than those being harmed having to prove that they are

Better safe than sorry

What about Global Dimming? 

Reduction in the insolation of the earth’s surface –post 9/11 evidence

Seen in 1960s-1990s

Caused by increase in anthropogenic particulates like sulfate aerosols

When aerosol levels started to decline in the 1990’s dimming switched to a brightening trend

Can create a cooling effect to counter global warming

Potential Engineering Solution for us

You should be able to evaluate the contrasting human perceptions on this issue

Explore / defend your position based on this evaluation 

Remember your choices will determine our future 

http://www.nola.com/coastal/ 



Losing Louisiana
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