Mineral and Mining

· the main types of mineral resources
· rock: solid aggregation of minerals

· mineral: solid & inorganic chemical element, compound with a crystal structure, specific chemical composition, distinct physical properties

· not mineral: bone, coal, amber, synthetic diamond, water(ice is), lava & magma, volcanic glass

· tantalite: Ta​​2O6, a type of rock

· metal: conducts heat and electricity, shiny and opaque

· mineral resources are everywhere like buildings and furniture and electronic devices

· mining: obtain mineral resources. Systematic removal of rock, regolith or other materials for the purpose of extracting minerals of eco interest.

· Deposit: natural occurrence of a resource. Grade: level of concentration of ore in a deposit. Ore: economically valuable material in a deposit. Gangue: waste rock and nonvaluable minerals.

· how mineral resources contribute to our economy and society underground/subsurface mines
· subsurface mining: the most dangerous form of mining, can affect people years. Deepest is 4km underground, taking place in underground tunnels and shafts.

· Solution mining: dissolving deep deposit in liquid and siphoned out, less surface area needed.

· Surface mining: strip mining, overburden of soil and rock removing, used mainly for coal/oil sand/sand/gravel, harmful/destroyed natural communities, lead to acid mine drainage.
· the major methods and stages of mining
· Exploration stage: habitat disturbance, noise (impacts relatively low)
· Mining stage: dust, noise, AMD, land disruption, erosion, heavy metals in ore.

· Smelting stage: discharge of heavy metals, organics and sulphur

· Post-operational stage: social and eco impacts, depends on mgm effectiveness
· the environmental and social impacts of mining: mining affects air, water, land, health
· acid mine drainage: The biggest problem with mining in Canada. Sulfide minerals form sulfuric acid and flow into waterways. As it funs off, it leaches metals from rocks, many of which are toxic (leachate).
· Surface mining impacts: basically the removal of mountaintop that reshape the fridges and valleys, caused polluting streams, deforest areas, erosion, mudslides, flash floods, impacting people health.
· Surface mining impacts: immense holes. Waste of rock(huge amount of rocks to get a little minearals), habitat loss, aesthetic degradation, acid drainage

· Surface mining: placer mining uses water ot isolate heavy minerals. Distrubs stream banks, causes erosion, harms riparian plant communites.
· Air: pollution from smelting, dust from waste rock

· Water: effluents, toxic leakage, acidic and saline mine drainage

· Land: construction of road and buildings, stripping of surface vege and soil, rock waste

· Health: black lung disease, coal dust explosions, mine collapse and rock bursts, exposure to radiation.

· reclamation efforts and mining policy in Canada
· decommissioning: mine operations shut down

· reclamation: return the site to a condition similar to its pre-mining condition

· In Canada companies are required to post bonds to cover reclamation costs before mining.
· some ways to encourage sustainable use of mineral and other nonrenewable resources
· discovery of new deposits

· new extraction tech

· changing social and tech dynamics

· changing consumption patterns

· recycling (from e-waste)

Freshwater Systems and Water Resources

· Water and hydrologic cycle

· Water: allows for life, makes earth different

· Hydrology: water science, study of water in the hydrosphere, both on and under the ground

· Freshwater: only 2.5%, most is tied up in glaciers and ice caps[image: image24.png]NEST EAST
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· Water’s distribution on Earth

· Atmosphere: rises as vapour, falls as rain and snow; important for moving heat from equator to poles.
· Surface: Shape landscape, carrier for many substances（物质）.
· Minerals in mantle
· Freshwater systems- surface water and ground water

· Surface water: ocean/lakes/ponds/springs/rivers/streams/wetlands. Precipitation(input) = Runoff+ EvaporationTranspiration+ Storage. P= R+ET+S.
· Groundwater: locate beneath the surface in soil pore spaces, largest unfrozen freshwater reservoir.

1) aquifer: underground reservoir of rock and sediment, store and transmit water

2) porosity& permeability

3) aerated& saturated zone

4) groundwater moves down from surface to saturated zone

5) 
[image: image3]recharge& discharge. If discharge is larger than recharge, water table can become depressed.
· Use and alteration of freshwater systems

· Dam: block the flow of water in a river so the water can be stored in a reservoir; prevent flood, provide drinking water, allow irrigation, generate electricity
· Diversion dam: not stored only diverted

· Dam drawback: habitat disturbance, fisheries declines, population displacement, risk of dam failure, lost recreational chances

· Decommissioning(dam removal): restores riparian ecosystems, fisheries and river recreation
· Problems of water quantity and quality and some regulatory issues

· Inefficient irrigation wastes water

· Diversion: Aral Sea

· Groundwater using impacts: depletion of aquifers, declining water tables, urban flooding, saltwater intrusion

· Climate change will cause water problems and shortages: drier summer, earlier snowmelt and spring runoff, warmer rivers for fish, lower water levels in Great Lakes, higher ocean water levels

· Point sources: discrete locations where pollutants are generated or released

· Nonpoint sources: multiple cumulative inputs over a large area

· Water pollution: 1) nutrient pollution: fertilizers causes eutrophication

                  2) pathogens and waterborne diseases

                  3) toxic chemicals

                  4) sediment pollution

                  5) thermal pollution: heat and hot water, killing fish, affect oxygen levels

· Source of groundwater pollution: hard to manage
1) natural sources

2) anthropogenic sources: landfill, agricultural pollution
· Preserving and conserving freshwater ecosystems

Protecting Lakes and Wetlands

· Wetlands

· Def: systems that combine elements of land and water, soil is saturated permanently/seasonally, may be covered by shallow pools of water, water can be fresh/saline/brackish

· Characteristics

· Soil: hydric/water saturated, anaerobic, abundant organic matter

· Types of wetland:

· Marsh: shallow water allows plants to grow above water surface

· Swamp: shallow water, emergent vegetation and trees

· Bog&fen: low productivity, accumulate peat, mineral nutrient limited, carnivorous（肉食性） plants

· Wetland Importance: the most biologically diverse and productive ecosystems, breeding and staging grounds for migrating species

· Lakes and Ponds: bodies of open and standing water

· Lakes vary over time: fill in with sediment

· Lakes vary in productivity

1) oligotrophic: minimal nutrients

2) mesotrophic: intermediate amount of nutrients

3) eutrophic: abundant nutrients

· young lakes: few nutrients, basin is exposed rock. Old lakes: nutrient-rich
· Wetland have been drained for reasons:

· Settlement and development

· Farming

· Aquaculture

· Mosquito control
Marine and Coastal Systems and Fisheries
· Ocean water: H2O, dissolved gas, oxygen, major reservoir for CO2,, big influence on temperature
· Ocean water is vertically structured: vertical variation in temperature, salinity, density and cline

· Layers of ocean

· Surface zone: warmed by sunlight and stirred by wind

· Transitional zone: thermocline(temperature), halocline(salinity), pycnocline(density)

· Deep zone: dense and cold, sluggish water, unaffected by wind/storm/sun

· Some ocean zone support more life

1) photic zone: top layer supports primary productivity (algae, diatoms, few plants)

2) pelagic zone: water, habitats and ecosystems occurring between the ocean’s surface and floor

3) littoral zone: water, habitats and ecosystems occurring in coastal zones

4) neritic zone: between littoral and continental shelf

5) benthic zone: water, habitats and ecosystems occurring on the ocean floor

· Vertical and horizontal flow
· Upwelling: upward flow of cold/deep water where winds blow away from or parallel to coastlines
· Downwelling: oxygen-rich water sinks where surface currents come together

· La Nina and El Nino

1) normal condition: upwelling brings cold water to the coast of South America

2) El Nino: trade winds weaken, upwelling fails---leading to warm water

3) La Nina: opposite---cool and wet

4) Impacts: El Nino—fisheries failure, marine mammals and birds suffer, drought

· Coral reef: extremely biodiverse, provide habitat for many species, protect shorelines, eco important

· Ocean resources

· Human travelling

· Substantial impact on the environment
· providing oil and natural gas

· renewable sources of energy such as wave

· potential impact on climate
· significant deposit under sediment on ocean floor

· sand/gravel/calcium/carbonate

· silver/gold/zinc/copper

· fisheries

· Fisheries
· Marine over-harvesting: as fishing increase, size and age of fish caught decline. As species become too rare to fish, fleets turn to other species.
· Fishing has become industrialized
1) Driftnets

2) Longline

3) Bottom-trawling

· Factors that mask stock declines

1) global catch has been stable for 20 years

2) fishing fleets travel long and spend more time on fishing

3) data supplied may be false or incomplete

4) difficult to know exactly the stock for fish that form clusters

· carrying capacity: 
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· MSY: fast carrying capacity

· Oceans are threatened: biodiversity loss, overfishing, habitat damage, pollution, oil spills
Atmosphere and Weather

· Earth’s atmosphere

· Components: 78% N, 21% O, 1% other

· Most two variable: vapour and aerosol

· Absorb radiation, moderate climate, transports/recycle water

· Vertical variation in tem, density and composition

· Layers
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 [image: image7.emf]
1) troposphere: 80% of all gases, nearly all vapour and aerosols. Within troposphere, all three decline with increasing altitude (pressure, tem, humidity)

            ****why tem lower****

            ****lower atmosphere is warmed by conductance from earth, as air moves up it expands and loses energy.

2) stratosphere: dry and thin, temperature increases upward due to the absorption of solar energy by ozone layer

3) mesosphere: extremely low air pressure, temperature decreases with attitude
4) thermosphere: warmed from above by solar radiation

· Weather and atmospheric circulation

· Air mass: large volume of air that is relatively homogeneous in temperature and humidity

· Front: boundary btw air masses that differ in tem&density&moisture

· Warm and cold front: [image: image8.emf]
· Wind blow

1) Convection: rising air expands and cools, cool air descends and compresses and become warmer

2) pressure gradient force: air moves from high pressure to low pressure

3) coriolis force

· large scale air movements drive global circulation , influence weather and climate

· convection circulation cells: hardly cell, ferrel cell, polar cell
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trade winds, westerlies, doldrums
· Major weather systems
1) tropical weather systems: intertropical convergence zone, tropical cyclones, monsoons

2) extratropical weather systems: thunderstorms, extratropical and post-tropical cyclones
3) tropical-extratropical weather systems: El Nino
· Indoor and outdoor air pollution

· Acidic deposition and its consequences

· Stratospheric ozone depletion
Ozone Depletion
· The importance of ozone layer

· Stratospheric ozone = ozone layer: most ozone in tropical stratosphere
· Tropospheric ozone = ground-level ozone: major components of photochemical smog, causes eyes irritation and respiratory problems, greenhouse gas

· Ozone layer protects life on earth, strongly absorbs radiation in the shortest ultraviolet wavelengths

· UV radiation harms biomolecules---ozone important
· Natural ozone production and destruction

· [image: image12.emf]
· How ozone is measured

· Ground-based: absorption spectroscopy

· Satellite-based

· Measures total ozone in a column of air
· The role of CFC
· Greenhouse gases. Stable in troposphere

· [image: image13.emf]
· Future trends in stratospheric ozone depletion

· Ozone depletion impact: increased skin cancers, decline in crop yields maybe, harm to human immune system maybe, damage to oceanic productivity and hence to the rest of food chain

Air Pollution
· Air

· Def: N2, O2, others
· The various contributions to air pollution

· Air pollution: gases and particulate material added to the atmosphere, can affect climate and harm people and ecosystems

· Outdoor air pollution: developing countries and urban areas have significant problems

1) smog: ozone, fine particulate matter, car exhaust, factories, homes. Most common and widespread air quality problem.
2) Photochemical smog: brown air, irritates eyes noses and throats

· Indoor air pollution: higher concentration of pollutants than outdoor air

1) exposed to synthetic materials

2) improve air circulation can combat

3) VOC: released in small amounts by everything from plastics and oils to perfumes and paints, pesticide, unclear health implications

4) Fuelwood burning & tobacco

5) Radon gas: second cause of lung cancer, produced from rock and seep into buildings

6) Living organism: fungi, animal dander
· Natural sources of air pollution: volcanoes, trees, forest fires

· Thermal inversions can worsen air pollution
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· Reasons for some pollutants declining
1) cleaner-burning

2) clean coal tech reduce SO2
3) improved tech and federal policies

· How air pollution is measured

· Air samples can be taken at ground level. LIDAR can measure distance by illuminating a target with a laser and analyzing the reflected light.

· Measuring from space: satellites carry instruments to measure gases related to pollution.

· MOPITT: measurements of pollution in the troposphere
· How aerosols influence the climate system and populations of people

· Many pollutants are aerosols, which vary in both time and space.

· Aerosols: small suspended particles found in the atmosphere, classified according to their sizes, typically refer to PM2.5 or PM10 depending on size. 90% aerosols are natural origin such as smoke, ash, bacteria, dust etc.

· Dust: biomass burning

· Waves: major source of salt moving from ocean to land reservoirs.

· Volcanoes: volcanic gases can remain in atmosphere for months or years, which reflect sunlight and cool the atmosphere

· Natural sources can be heavily influenced by human activity

· Anthropogenic origins of aerosol: the major is burning of fossil fuels and burning biomass

· Effect on human health: chronic cardiopulmonary disease, influenza, asthma
· Acid deposition

· Def: acid or acid-forming pollutants moving from atmosphere to surface

· Originates from burning of fossil fuels and smelting
· Affects on ecosystems: accelerates leaching of base cations from soil, causes accumulation of sulphur and nitrogen in soil, hinders plant uptake of water and nutrients, negatively affects entire food webs

· Air pollution and climate

· Air pollution contributes to climate change (radiative forcing), climate change affects air pollution (ozone strongly affected by weather events)

· Radiative forcing: the difference btw the amount of solar energy received by the earth and the amount radiating back into space.

1) negative radiative forcing & aerosols: reflect back instead of allowing it to pass through and reach earth’s surface, caused cooling effect.

2) Positive radiative forcing: warms the surface

3) Internal forcing: greenhouse effect

4) External forcing: astronomical factors

5) Aerosols and clouds: aerosols enhance cloud formation

The climate system and climatic change: natural and anthropogenic

· Earth’s energy balance and climate system

· Global change: impacts that are global or synergistic effects of local actions, impacts that are long-lasting or potentially permanent

· Global warming

· Global change affects the global commons 

· Earth energy cycle: source of energy, sinks for energy, reservoirs, fluxes

Solar energy: 99.986%(from nuclear fusion), others are tidal energy(from moon-earth-sun gravitational interaction), earth’s interior: 0.012%(from decay of naturally occurring radioactive elements, compressional heating and residual heat)
   [image: image15.jpg]Direct Hoating

Earth's Energy Cycle

Terrestrial Energy
(Geothermal)




--recite
· Earth’s dynamic climate: a year of seasonal change
· Net irradiance: balance of incoming and outgoing energy
· Where do greenhouse gases come from: naturally occurring, anthropogenic, naturally occurring but remobilized by human activities.---result in internal radiative forcing
· Trace gases in the atmosphere act as selective radiation filters: shortwave filter for stratospheric ozone(UV) and longwave filter for radiatively active gases(IR)

· Greenhouse effect: longwaver filter is bigger than short one
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· Greenhouse gases warm the lower atmosphere: surface absorbs solar UV, increase in tem and then emits IR radiation---this radiation is absorbed by greenhouse gases, and greenhouse gases re-emit it---some is lost, some is re-radiated downward and causes warming. Greenhouse gases differ in their ability to cause warming.

· Astronomical variations: result in external radiation.
· Climate feedbacks:

1) positive feedback cycle: self-reinforcing. Eg: warming—evaporation of seawater---more water vapour in atmosphere---more warming

2) negative feedback cycle: self-limiting. Eg: warming---evaporation of seawater—more cloud over—block incoming radiation—cooling

· Methods and tools of climate research
· Tools for study of climatic change

1) historical records of climate

2) paleoclimatology—study of pase climates

3) climate proxies

· direct atmospheric sampling tells us about the present: most types of direct measurement of atmospheric conditions have not been kept for very long
· climate proxies

1) longer-term climate proxies: climate-controlled variations in the composition of groundwater in aquifers/deep-sea sediment/shells/ice cores from glaciers-----natural processes cause stable isotopes to become separated or fractionated, and differentially concentrated

2) isotope: 同位素—质子proton数量相同，中子neutron数量不同

· climate models
1) general circulation models: GCM. 3-d mathematical models of climate system, link atmospheric, oceanographic, hydrospheric and bioshperic processes with geography and altitude.

2) Challenges for GCM: role of clouds, impacts of vege and soil moisture changes on moisture content of atmosphere, response of ice and soil to warming, computer limitations

3) long-term climate model simulations show a trend in global-mean surface temperature from 1951 to 2012 that agrees with the observed trend

4) there has been substantial progress in the assessment of extreme weather and climate events since AR4

5) high confidence that the statistics of monsoon and EL Nino-Southern Oscillation ENSO based on multi-model simulations have improved since AR4
· Human influences on climate

· [image: image1.emf]Possible impacts of global climatic change

· Changes in habitat

· Changes in frequency and intensity of storms, floods and droughts             atmospheric
· Changes in growing seasons for crops

· Changes in global weather patterns
· Warming of seawater—sea lever rises---flood/saltwater contamination of soil and fresh water

· Socioeconomic impacts: food security, health, economy, water resources.

· Animal species

1) diversity, range, distribution changes---move, adapt, locally extinct

2) altered access to food sources, breeding grounds and migration routes

3) reduction in sea ice—loss habitat for polar bears

· Good impacts:

4) warmer winters

5) longer growing season in cold areas

6) more rainfall in certain areas

· Ways we can respond to climate change

· Abatement and mitigation

1) limit emission
2) renewable energy sources
3) preventing deforestation

· Adaptation to changes

1) develop new tech to ensure security of food and water supplies

· Deliberate intervention

1) geoengineering

2) space reflector: blocking a small proportion of sunlight before it reaches the sun

3) albedo enhancement: increasing the reflectiveness of clouds or the land surface to increase reflection of heat back to space

4) ocean fertilization: adding nutrients to the ocean to increase primary production
Fossil Fuel

· World energy sources

· Nonrenewable energy resources:

1) oil, natural gas

2) coal

3) alternative fossil fuel

4) nuclear energy

· renewable energy resources:

1) biomass energy

2) solar,wind

3) chemical fuels(H2)
· fossil fuel are nonrenewable. Even renewable energy resources can become nonrenewable if they are used at a rate that is greater than the rate of replenishment. Mineral resources can be recycled but energy resources cannot.

· Net energy: the difference btw energy returned and energy invested

· EROI(energy returned on investment): energy returned/energy invested—ratio

· Industrial nations: use energy for transportation,industry,home,business. Developing nations: use for subsistence activities, agriculture and food preparation, manual&anima&biomass energy are more common

· Fossil fuel: petroleum and coal, formed from tissues of organisms that lived 100-500 million years ago, produced when organic material decomposed down in anaerobic conditions.
· Coal: origin, extraction, use

· Coal: burial of woody plant material, compressed and altered to form dense, solid carbon compounds. The most abundant fossil fuel but least environmentally friendly.
· Coal mining: strip mining causes soil erosion and chemical runoff. Coal mining is harmful to human health c’z of coal dust—black lung disease
· Coal-fired power plants contribute to air pollution
· Oil and natural gas

· Oil is the world’s most-used fuel

· Petroleum: naturally occurring liquid in geological formations

· Crude oil: a mixture of hundreds of different types of hydrocarbon molecules, formed in sedimentary basins

· Extract of oil
1) primary extraction: initial drilling and pumping of available oil

2) secondary extraction: solvents, water or stream is used to remove the rest of oil—expensive

· drilling: takes place on the seafloor, mainly on the continental shelves.

· Environmental costs of oil extraction/transport: road networks, ponds constructed for collecting toxic material after oil is removed, oil spills

· Natural gases: the fastest-growing fossil fuel in use today---CH4
1) form in two ways: biogenic gas (by bacterial anaerobic decomposition of organic matter at shallow depths) and thermogenic gas (compression and heat deep underground)

2) only recently been widely used

· bitumen: stick/black/highly viscous or semi-solid petroleum

· tar sand extraction: energy intestive
· Alternative fossil fuels

· Extend the coal resources: gasification and liquefaction

· Addresses atmospheric problems created by coal combustion

· Clean the coal: pre and post combustion clean-up

· Carbon capture and storage
· Supply, strategic concerns, and environmental impacts
· Transportation problem: crude won’t flow in a pipeline system

· Oil shale: sedimentary rock with kerogen, can be burned like coal or baked in hydrogen to produce liquid petroleum. More than 40% are in America.

· Fracking: used to access natural gas, need to concern of groundwater and micro-earthquakes.

· Methane hydrate(methane ice): potential resource, formed by bacterial decomposition in anaerobic environments.
· Strategies for conserving energy

Energy alternatives

· Contributions to world energy by alternatives to fossil fuels

· [image: image18.emf][image: image19.emf]
· Pros/cons of conventional alternatives

· Hydroelectric power: moving water energy to generate electricity—dam&run-of-river systems. Clean, renewable, no CO2 emitted. Destroy habitats, block passage of fish, displace people
· Nuclear energy: fission release nuclear energy. Avoid carbon emission, avoid health impacts of smog and air pollution, less damage to landscape. [Coal VS nuclear—on ppt]. waste is rediative, small risk of big accidents, disposal problem, more expensive to ensure safety.
· Biomass energy

1) traditional biomass energy: burning woods.

2) New biomass tech: biofuel, biopower.

3) Benefit: no carbon emission, support rural communities

4) Drawback: rapid harvesting—deforestation, biofuel competes with food production.

Waste management

· The types of waste we generate
· Municipal solid waste: non-liquid waste from homes, institutions, small business.
· Industrial solid waste: from production of consumer goods, mining, agriculture, petroleum extraction, refining

· Hazardous waste: solid or liquid waste that is toxic, chemically reactive, infectious, flammable, corrosive, or radioactive

· Sewage and wastewater: water used in house hold, business, industry, or polluted runoff from streets and storm drains.
· Conventional waste disposal methods

· Waste disposal is regulated by 3 levels of government

1) municipal: collection, diversion and disposal of solid waste, dropoff facilities fro hazardous waste

2) provincial and territorial: movement of waste materials and licensing of treatment facilities.
· Approaches for reducing waste

· Landfill

1) can be transformed after closure---decommissioning

2) landfill leachate: mostly caused by precipitation percolating through material, can often be acidic and makes metals bioavailable

3) wetland can help treat leachate

4) drawbacks: leachate, hard to find suitable places to build landhill

5) benefit: can produce gas for energy, but the gas is not simply methane—half is CO2, harmful to environment, and other toxic contaminants

· incineration: burning. Reduce solid mass of original waste. Provide energy through burning

· source reduction: reduce packaging, charge for plastic grocery bags, avoid planned obsolescence.
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· Recycling three steps
1) collection and processing of recyclable materials

2) use of recyclables by industry to manufacture new products
3) consumer purchase of products made from recycled materials
· composting: conversion of organic waste into mulch or humus through natural biological processes of decomposition
· surface landfill: design and construction standards are similar but stricter than ordinary sanitary landfills.

1) several leachate removal systems

2) must be located far from aquifers

· surface impoundments: store liquid waste. Rainstorms may cause overflow.
· Deep-well injection: waste are stored underground—wells can become corroded and leak waste into soil.

· Brownfields: sites that have been contaminated but have the potential to be cleaned up and remediated
· Industrial solid waste management

· Issues in managing hazardous waste

· Radioactive waste

1) geologic isolation

2) multiple-barrier approach

Environmental Health and Pollution

· Environmental health hazards and the goals of environmental health

· Asbestos dilemma: fibrous crystals, use as insulator.

· Physical hazard: earthquakes, floods, volcanoes, droughts

· Chemical hazard: pesticides, disinfectants

· Biological hazard: bacteria, viruses

· Cultural hazard: smoking, drug, diet
· Toxins in the environment

· Toxicology: study of poisonous substances, depends on the combined effect of the chemical and its quantity.

· Ppm:million(6). Ppb: billion(9). Ppt: trillion(12)

· Toxicants exist naturally and in our food.

· PDBE: used extensively in fabrics, furniture and electronics, bioaccumulate in blood/fat/milk
· Types of toxin:

1) neurotoxins: nervous system

2) carcinogens: cancer

3) teratogens: birth defect

4) allergens: immune system

5) endocrine disruptors: endocrine system

· toxins can accumulate over time and up the food chain

· bioaccumulation/biomagnifications
· dose: amount of toxicant the test animal receive

· response: type or magnitude of negative effects on the animal

· dose-response curve: [image: image21.emf]
· [image: image22.emf] [image: image23.emf]
· LD50/ED50: amount of toxicant required to kill or affect 50% of the subjects. 
· Acute exposure: high exposure for short periods of time to a hazard—easy to recognize, stem from discrete events.

· Chronic exposure: low exposure for long periods of time to a hazard---hard to detect, affects organs gradually, effect not apparent.

· Mixes may be more than the sum of their parts—synergistic effects
· Risk assessment and risk management
· Toxicity testing: on ecosystems, populations and individuals. (ethical issues)
· Individuals vary in their responses to hazards

· Risk assessment: the quantitative measurement of risk and the comparison of risks involved in different activities or substances

· 2 approaches for determining safety: innocent until proven guilty/precautionalry principle
· Philosophical approaches to risk






