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Chapter 2: Lithosphere
Sustainable Economic System
· Would operate without a net consumption of natural resources
· Rate of resource use = rate of resource regeneration
Non-renewable Sources
· Are present in only finite quantities
· Once depleted, there is no more future use of it
· It cannot be reproduced after it’s been used
· Ex: metals, fossil fuels, and coal
Easter Island
· Located in South Pacific
· Was a barren landscape with less than 2000 ppl, in which there used to be about 30,000 civilians
· What happened? Resource over-exploitation rate of consumption > rate of production
· Exceeded the carrying capacity of the island by overusing resources and cutting down trees
· Cutting trees caused top-soil erosion, lower freshwater (enhanced run off), and poorer crops
· Ex of when a population consumes too much of the limited resources that support it
Renewable Resources
· Can be reused after harvested, can be used forever
· Ex: animals, plants, water, and soil energy
· However, can degrade overtime, get contaminated, or over-utilized
Mining 
· Ore extraction technique is often used
· Advantages:
· Essential for the economy – $32 billion dollars to Canada’s economy
· Provides jobs and infrastructure (roads, power lines)
· Disadvantages:
· Causes many environmental issues



Pyrite
· Fool’s gold
· Iron sulfide
· Associated with coal
· Formed in High Temps
Mining
- Water in mining is very acidic, and thus you find lots of cattails around
Mining Activity
· Popular in Ontario, Manitoba and Quebec
· Canada are large producers of 
· Lead, Zinc, Copper, Gold (as sulfides)
· Chrysotile
· Uranium : canada largest producer or Uranium in the world
· Potash
· Diamonds
Potash Mining
· Mixture of NaCl and KCl
· Use of Potash: Extract potassium and use as fertilizer
· It is clean and pinkish
· Air turns salty when potash mining
The Mining Processes
· 1. Prospection – 
· Geologist map the rocks and look at the geologic history of area and look at the land for ore deposit
· They take water and soil samples or how much a type of metal is in the water
· They then will build the mine and the build roads
· 2. Milling – 
· Rock is crushed and pulverized and the desired metals are isolated by physical or chemical means. Then it undergoes refining: in which the material is then processed to purify metals in which we desire(ore Is separated from host rock). Waste materials here are calling tailings. 
· 3. Smelting – 
· Concentrated metal ore is heated (roasting) or leached to extract metal.
·  Problem: many metal ores occur as sulfide minerals and so heating produces SO2 air pollution which will cause acid rain  no vegetation
· 
· 4. Manage waste - They have to save money for waste management for (respiration of those sites) 5 – 10 years.
Smelting: Pyrometallurgy
- uses energy and you use it if you know you will get profit. 
· Roasting 
· heating up solid metal sulfide and in the presence of O2 turning it into metal oxide. 
· By product of this reaction is SO2.  This SO2 is released into the atmosphere and causes acid rain. Acid rain occurred near the mining area and killed vegetation
· Possible generation to form carbon monoxide – a poisonous gas. 
· Reducing
· Metal is reacted with a very strong reducing agent- charcoal or coal- to get the pure metal.
· By product: carbon monoxide
HYDROMETALLURY – a lot cheaper process
· Leaching: Leaching the metal  
· Metal is dissolved. They put the ore into a very acidic bath that is very oxygenated (thus why there are 4H+ as the reactants) and this dissolves into an ionic form and we have precipitation of water and elemental sulfur. 
· Reduction: Dissolved metal such as metal is put into a reducing agent and transformed into a pure metallic form. 

· Aluminum – requires lots of electricity. 
Environmental Impacts: LAND
· Exploration requires large tracts of land – construct roads to make infrastructure
· Milling and processing requiresshort tracts of land, the tailings and waste disposal are a more significant impact
Fresh mine tailing – dark grey matter rather than orange matter
Environmental Impacts: AIR
· Smelters emit pollutants into the atmosphere such as SO2, NO2, metals and organic compounds
· Facilities: flin flon, Sudbury, Timmons, and Noranda



How to Prevent Oxidation/ Cleaner Mining Practices
· New mine: We can add lime to prevent the lowering of pH. Keep the entire mining residue underwater (30 cm of water on top) prevent o2 from penetrating the residue. 02 diffuses very quickly in water this will be a slow process and consumed . By putting water – we’re preventing O2 penetration. Prevents oxidation. Keeps residue anoxic. It also prevents particles being blown by the wind so that these particles don’t fly into a nearby forest and contaminate the forest. 
· They have to invest in cleaning up the mine before they actually open it and get it operating. 
· Increase height of the chimney so that particles with metal don’t fly into Sudbury but somewhere farther away. Increased the height stack to reduce SO2 emissions. 
· Old Mine: try to put vegetation. Put soil and fertilizer. However, still will have heavy metal contamination below. Thus, add a layer of lime over top and mix with the tailings. 
Acid Deposition:
Moonscape – nothing froze.
Environmental Impacts: WATER
· Pollutants from:
· Mine dewatering
· Liquid effluents from the milling process
· Surface water drainage and seepage from waste storage areas and inactive mines (acid mine drainage)
· Untreated liquid effluents are normally released to the natural aquatic environment only when they meet strict environmental requirements – but spills sometimes happen (ex: Queenstown, Australia)
Acid Mine Drainage
· Bright orange and yellows pools of highly acidic water
· Rich in dissolved toxic heavy metals and sulfate
· Result of: oxidation of metal sulfides (pyrite) from mining sites
· Generally, pH = 2
· PROBLEM: Has the ability to flow into the forests and enter the aquifer below whichcan be the source of drinking water for communities. It can run into a nearby creek and kill all the fish
· Very slow process – this will go on for  100s of years
· Treatment:
· Add lime to mine tailings
· Add vegetation covers
· Add water to keep the tails submerged
· Stimulate microbial sulfate reduction and the precipitation of metal sulfides

Redox potential: tells us if it is reducing or oxidizing
Soil:
· top 10 cm are highly acidic. But at the black interphase pH rises to 6 & 7. 
· Oxidized on top layer, reduced on bottom layer. 
-1st step: Oxidation of sulfide
FeS2 + 3 ½ O2 + H20  Fe 2+ + 2 SO4 2- + 2H+
- Pyrite in mining residue is stable in the absence of 02 but bringing to the surface it is exposed to O2 and rain. Pyrite gets slowly oxidized by o2. It is also a dissolution reaction. Sulfur is the one being oxidized. It generates some acidity (2 H+).
-2nd Step: Oxidation of Iron
- As the reaction continues, acidity increases thus pH lowers. Once it gets to a point of acidity the bugs(acidophilic microorganisms) will oxidize pyrite and generate energy. These bugs gain energy from the reaction and Fe3+ is produced.  And the Fe3+ will precipitate.
- Acidophilic microorganisms can catalyze the oxidation of Fe 2+ by several orders of magnitude
Precipitation or Oxidant?
· The Fe 3+ formed may precipitate and produce 3 H+  OR
· It can become a powerful oxidant like oxygen. For each mole of Fe, 16H+ are produced- this is a positive feedback loop. When it will stop is when pyrite is not there to be oxidized. 
Contaminants Associated with AMD
· Base metal milling commonly uses a flotation process, whereby chemicals are mixed with ore in water solutions to separate the desired mineral from the ore
· Flotation reagents used in base metal concentrators may include kerosene, organic flotation agents, and sulfuric acid. Residual reagents can be found both in the effluents from a mill and in stored tailings. 

· Cyanide
· Used for gold mining. Cyanide will complex the gold and bring it together and this will be easy to separate the gold from. It is toxic but degrades in the environment so not an environment disaster. 
· Before they used mercury to form a complex with gold and then they would heat it and thus mercury would evaporate into the atmosphere. Mercury is a contaminant and is methyl mercury is the most toxic form of mercury in the planet. When mercury enters to the ecosystem it will be biomagnify itself through the food chain. Methyl mercury is a neurotoxin thus it will cause cognitive affects. Thus – breast freeding – mercury can cause learning disabilities
· Heavy metals
· Arsenic
· Highly toxic metal
· Harmful on downstream aquatic life -fish

*be able to explain what equations represent
Case study: Amazon Basin
· Gold rush in 1970 in South America
· Alluvial sediments in Amazon basin panned for gold
· Used mercury for gold extraction (Hg adheres to gold to form amalgam)
· Mercury evaporates and thus the term “mad hatter”
· Annual discharge of mercury to amazon basin estimated at 100 tonnes
2.2 ENERGY
- Most often we use coal – we heat the coal to generate what gets the turbine going which creates electricity. 
- We can use nuclear power to make heat to cause the turbines going. Water is pumped from a lake and circulated around the nuclear reactor keeping the temperature constant and when the lake starts to heat up than we have a problem. Once in a while we can get a leak and this can release material and enter the water – called hea vy water. 
- Dominated by fossil fuels
Hydrocarbons (fossil fuels)
· How do fossil fuels form?
· Coal is made from terrestrial material that died and got buried over time and was exposed to pressure and temperature that transformed into coal. Anthracite is the pure coal. 
· Oil (petroleum)– formed from living creatures at the bottom of the ocean. These died and got buried by sediments and eventually were exposed to high temp and pressure and transformed into various forms of hydrocarbons. 
· Most of the  fossil fuels are found on the continent and we know some that exist in the bottom of the ocean
· Natural Gas
· Thermogenic (high temp and pressure- with oil)
· Biogenic (anaerobic microbial degradation of organic matter)

Coal
· Used since ancient roman times
· Most abundant fossil fuel
· Subsurface mining
· Shafts are excavated deep into the ground, and networks of tunnels are dug or blasted out to follow deposits of the mineral. Miners remove the resource systematically and ship it to the surface
· Great deal of coal is mined
· Most dangerous form of mining
· Cause acid mine drainage
· Near surface
· Open pit Mining (Alberta and BC)
· Rocks are unsuitable for mining
· Mineral is widely spread evenly throughout rocks
· Involves digging a large hole and removing the desired ore along with waste rock that surrounds the ore. 
· Quarry: an open pit mine used to extract building materials clay, gravel, sand, and stones (limestone, marble, slate, granite)
· Strip Mining
· Commonly used for coal and oil sands
· Layers of surface soil and rock are removed from large areas to expose the resource. Machinery removed the overlying soil and rock from a strip of land and then the resource is extracted
· Best for shallow horizontal deposits
· Pyrite is known to be associated with coal
Natural Gas
· Aka Methane
· Widely used for energy
· Source of heat for cooking, heating, and energy
· “cleaner” burning- meaning when u burn methane you do release co2 however you produce less CO2 compared to burning fossil fuels 





Petroleum (oil)
· Petroleum is the degradation of marine organisms over time
· Oil is brought to the surface by:
1. Initial release of surround rock pressuring by tapping oil; When you drill through the reservoir you can see petroleum gushing due to pressure
2. Pumping 
3. Water/gas injection 
Oil Sands
· Located in northern alberta
· Not a liquid reservoir it’s more like moist sand/clay rich in thick bitumen
· Massive deposits in Canada
· Extracted by strip mining
· They have to excavate and power wash the sand using water at high temp and pressure in order to separate viscous material from the sand. There is a lot of energy used right there to heat the water and push the pressure through the residue. 
ENVIRONMENTAL IMPACTS OF FOSSIL FUEL USE
· People in nearby areas were found to have odd cancers – contaminate local ecosystems
· Creates jobs
· Accidental oil spill – recent BP spill on gulf of mexico
· Can form oil ponds
· If we use coal  SO2
Shale Gas
· Methane trapped in shale
· Preferred method of extraction: fracking
· HOW: drill (several hundreds of m) vertically and inject sand and chemical to displace the methane in the shale. 
· Fracking is very controversial
· Case in Pennsylvania people were getting sick
· Problem: uses a tremendous amount of water and the water that comes out is hard to treat
· Biggest concern – aquifer contamination
Carbon Capture and Storage
· Carbon sequestration (from point sources-power plants, oil extraction rigs)
· Three general options 
1. Geological storage
2. Ocean storage 
3. Mineral storage
CO2 sequestration
 Geologic storage:
· Injection of CO2 into porous rock formations
· Sedimentary basins
· Depleted oil reservoirs and non-economic coal beds
· CO2 also injected in oil reservoirs to improve petroleum recovery
· There must be an impermeable cap rock above to prevent CO2 from escaping
· Facilities have only removed 0.01% of the global CO2
Ocean Storage: not the best idea
· Injection of CO2 at depths greater than 1000 meters where it is isolated from the atmosphere
· CO2 would be dissolved in the oceans and be part of the water
· Problem: pH of water decreases
· No know pilot scale project so far
Mineral Carbonation: 
· Creation of stable minerals such as calcite and magnesite by reacting CO2 with silicate minerals containing Ca and Mg (permanent sink)
· Equation
· It would require large industrial scale operations whereby silicates would have to be mined and crushed
· CO2 could also be injected in basaltic rocks to form new carbonates in situ
Environmental Sci
January 22nd
Environmental Problems
· Drilling water cannot be treated in a facility because it is so acidic that it would affect the water facility
· A lot of greenhouse gas emissions from all the use of trucks and machines
· Methane can escape
· CO2 sequestrian from point source pollutants
RENEWABLE ENERGY
Hydroelectricity
· Most used in Quebec in Canada
· It supplies ~60% of Canadian electricity
· Cleaner than fossil fuels
· Either storage or river uses
· Considered renewable energy bc we are using water from rivers and therefore use of rains. Where there is drought – companies worry
Limitations:
· Dams and reservoirs can seriously alter aquatic ecosystems  -destroys habitats causes thermal pollution
· Only so many naturally suitable lakes or rivers amenable to damming
BIOMASS
· From Earth’s plant life
· Wood and peat and manure is burned to generate biomass energy
· Can be uses to make biofuels (ethanol is from corn)
· Much better than fossil fuel but not carbon is not neutral
· PROBLEM: requires cuttings trees deforestation and thus u don’t have the roots keeping the soil stable which eventually will cause soil erosion. Thus, lose nutrients and can no longer use it 
· Increased price of food staple
SOLAR
· Extremely expensive to produce
· Converts sun’s energy to electricity using photovoltaic cells
· Takes lots of construction and thus CO2 emissions

WIND 
· Lots of construction thus CO2 emmisions
· But the machinery does not release CO2
· No direct CO2, SO2, or NO emmissions
· Threat to bats because of the turbine vibration. Bc bats move on vibration and thus run into the windmill
· People think its ugly and people complain about headaches
· Erratic Power a Problem
GEOTHERMAL
· Exploitted in certain geological settings Near tectonic plate margins(magma close to surface, volcanic activity) and so helps to generate heat
· Water is not clean and contains heavy metals
TIDAL
· Harnesses energy from tidal waves and gets the turbines moving
· Sluice across tidal bason
· Process: tide flows in then trappedreleased at low tide  driving turbines
· Side effect: beaches are now mud
· Bay of Fundy- greatest tidal difference in the world
· Three tidal energy stations in the world
NUCLEAR ENERGY (FISSION)
· Generates heat which is steamed for electricity generation
· Its CO2 free if we don’t take into account of the construction
· Biggest problem: what do we do with the waste? Bc waste is highly radioactive material – dangerous. Uranium takes billions of years to degrade. 
· Very small possibility of accidents
· Sometimes we have a meltdown most famous – Russia 1986
· Explosion released radioactive material so they made a shell made out of lead to cover the radiation
Nuclear “Meltdown”
· Lots of heat generated by nuclear fission – thus cooling is essential
· What happens if cooling is halted?
· “meltdown”
· Metal around nuclear fuel rods melts, releasing radiation. Ex: Three mile Island

Impacts of Chernobyl, Ukraine
· Explosion releasing radioactive material of 131I and 137Cs
· A lot of people died bc of the cancer bc of exposure to Iodide 131 
· Mainly thyroid cancer
· 31 people killed directly, >4000 cases of thyroid cancer
FUKUSHIMA DISASTER
· March 11, 2011
· Tsunami inundated the Dai-ichi nuclear power plant
· Emissions of 137Cs, C and Xe
· Caused contamination in soil water and air
· No-go area of 20 km around power plant
Canada’s Energy Portfolio
· OIL: 2nd 
· Natural gas: 3rd producer, 2nd exporter
· Uranium: 1st largest producer
· Hydroelectricity: 2nd
2.3 SOILS
· supports diverse ecosystems
· important for agriculture
· Composed of: 
· Minerals, organic matter, water and aie
· Brown black  rich in organic matter
· White gray  poor in organic matter
· Orange  rich in Iron
- How do soils form?
· Weathering of underlying bedrock
· Erosion
· Deposition and decomposition of organic matter





WEATHERING
· The physical breakdown and chemical alteration of rocks and minerals at Earth’s surface. 
· Three Types
1. Physical (mechanical) breakdown
· Physical disintegration of rocks into smaller pieces
· No chemical change
2. Chemical Weathering
· Interaction with atmosphere/hydrosphere etc changes chemical make up of the rock
· Interaction of rain and bedrock can cause rock to dissolve or precipitate or organisms can fracture lichen embedded itself into a rock surface
3. Biological Weathering
· Living things breakdown parent material by physical or chemical means
CHEMICAL WEATHERING
· Primary agent of chemical weathering is water and oxygen
· Also CO2, SO2, NOx, organic matter
· Mineral dissolution:
CaCO3 (calcite) +2H+ = Ca2+ + H2O + CO2 (g)
2NaAlSi3O8 (Na-feldspar)(albite) +2H+ +H2O = Al2Si2O5(OH)4 (clay) + 4SiO2 (silica) +2Na+
 SOIL PROFILE
· O Horizon = thin layer – mostly organic matter
· A Horizon = topsoil – inorganic minerals, organic matter, and partly decayed OM (humus)
· E Horizon = leached zone – mineral grains remaining from dissolution, low organic matter. Leached zone is whitish because all minerals have been dissolved.  
· B Horizon = accumulation zone – minerals and organic matter leached from A horizon accumulate here. Accumulation zone is orange because of the presence of ironp. 
· C Horizon = course rock – large rock particles only slightly weathered from underlying bedrock
· Bedrock
REAL SOIL PROFILE
Ah = Topsoil - inorganic minerals, organic matter, and partly decayed OM (humus)
E = Leached zone – mineral grains remaining from dissolution, low organic matter
Bhs = Accumulation zone – minerals (ex. Oxides of Fe & Al) & OM leached from the A horizon accumulate here
C= Course rock – large rockparicles only slightly weathered from underlying bedrock

Agriculture: a renewable sorce
· Apply pesticides - to prevent infection and pathogens however some pest are difficult to decompose. If some pest wash away, will get bio accumulated by the fish and some pest can cause mutations and affect the reproduction of fish and frogs
· We can add nutrients if we have soil erosion. We cannot over use it bc we’ll deplete the soils nutrients. If you put too much on the soil, that run off water will cause water contamination
Physical Erosion:
· Wetland is essential to an ecosystem and acts like a sponge bc it absorbs all contaminates and therefore many people build artificial wetlands. 
· The amount of organic matter in soil varies widely, from 1- 10% in most agricultural soils to more than 90% in wetlands where peat is accumulated
· Erosion of soil by wind and water is considered the most widespread soil degradation problem in Canada, espeicially in the prairie provinces
· Recent research suggests that losses of soil organic matter in Canada’s un-eroded agricultural soils since initial cultivation are typically in the 15-30% range
· The amount of organic matter taken out of the soil in the form of crops is replenished by adding crop residues, manure and commericial fertilizers. 
Pesticides, Herbicides, insecticides
· Insecticides are used for insect control, primarily against spruce budworm and Hemlock looper, and herbicides are used against competing vegetation
· Agriculture accounts for 80% of total sales, whereas domestic and industrial users accunt for the remaining 18%
· From 1982-1993 the area of insecticide treatment fell from 3 million hectares to 256 000 ha reflecting a decline in Spruce budworm populations. Two-thirds of the area treated in 1993 involved the use of the biological insecticide Bt (bacillus thuringiensis)
· Bacillus thuringiensis will be ingested by the larvae of some bugs and it has toxins and thus can kill the larvae. However, has no effect on humans
Contaminants 
· Contamination of soil by heavy metals (ex. Cadmium, lead, zinc) is a concern because metals are persistent and may affect plant, animal, and human health
· Heavy metals enter agricultural soils primarily through atmospheric deposition and application of soil amendments such as fertilizers, animal manures, and sewage sludge, which is applied to agricultural land as a source of organic matter and nutrients. 
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Hydrologic cycle
· Water starts in the ocean and then evaporations occurs
· When heat is present it forms clouds and then these clouds move on the continents 
· Transpiration from plants causes water to go into the air
Meherdad
· Evaporation  clouds (condensation)  clouds move  precipitates (rain or snow)
· Sometimes there is surface runoff: water is not absorbed and runs down the surface and goes into creeks and rivers
· Percolation: water seeps down into groundwater and it flows back into oceans
· Plants biolife can also evaporate water
· KNOW HOW TO DRAW****** remember how to draw the ocean 
Water as a resource
· Aquifer: geologic material that allows flow and movement of water
· It is a renewable resource
· Surface waters (lakes, rivers, streams) can be used as a sourceof frinking water, for irrigation, for hydroelectricity and recreational activities. 
January 29th 2013
· 70% of earth’s surface is water
· 97.5% are in the ocean
· 2.5% is fresh water
· 79% are in the ice caps and glaciers
· 20% is in ground water
· 1% surface freshwater 
· 52% is in lakes
· 38% is in soil moisture
· 8% atmospheric water vapour
· 1% rivers
· 1% water in organisms
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Hydrologic cycle
· Water starts in the ocean and then evaporations occurs
· When heat is present it forms clouds and then these clouds move on the continents 
· Transpiration from plants causes water to go into the air


Mehrdad
· Evaporation  clouds (condensation)  clouds move  precipitates (rain or snow)
· Sometimes there is surface runoff: water is not absorbed and runs down the surface and goes into creeks and rivers
· Percolation: water seeps down into groundwater and it flows back into oceans
· Plants biolife can also evaporate water
· KNOW HOW TO DRAW****** remember how to draw the ocean 
Water as a resource
· Aquifer: geologic material that allows flow and movement of water
· It is a renewable resource
· Surface waters (lakes, rivers, streams) can be used as a source of drinking water, for irrigation, for hydroelectricity and recreational activities.
· Groundwaters are present in aquifers. Recharge is achieved through precipitation
· Water resources are related to climate: low or high precipitation
· Surface and ground waters are threatened by pollution
Water Usage
· Regions of the world with the smallest water resources per capita are Asia, Africa and Europe whereas America has the largest resources
· North America consumes the most water per capita whereas under-developed countries consume the least
· In Canada, water is mainly used by the industries (including the power plants), whereas in the U.S., water is mainly used for irrigation
· Canadians use 5.4 billions m3/yr of water (surface and ground water)
Water usage worldwide
· Agriculture accounts for bulk of worldwide water usage 73%
Groundwater supplies
· Groundwaters are used for domestic purposes in rural areas (wells)
· Supplies 4% of Canadians
· Pollution can be a problem
· Walkerton, ON (May 2000)
· Farm animal waste washed into a vulnerable well
· Groundwater supply was contaminated with E.coli 0157:H7
· 7 died, 2300 made ill
· Failures in adequate water testing  Safe Drinking Water Act, ON (2002)

WATER CONSERVATION
· Canada 2nd worst developed nation for water consumption
· In the prairies, 58% of the water is used for agriculture
· Improved irrigation could reduce agricultural withdrawals by 20-30%
· WAYS: 
· Price agricultural water to encourage conservation
· Use lined or covered canals to prevent evaporation
· Irrigate at times when evaporation is minimal (night, early morning)
· Use better irrigation systems: sprinklers etc
· Improve the quality of soil: better infiltration
· Plant crops that require little water

[bookmark: _GoBack]Water Reservoirs
Rainwater
· 83% of rainwater is generated by evaporation from the oceans
· Contains dissolved solids (Na, K, Ca, Cl, HCO3, SO4, etc)
· Total dissolved solids (TDS) = 7 mg/L
· TDS: sum of all soluble species. Either ionic or mutually charged species
· Contains dust particles
Lakes
· Water composition is determined by the river water that flows into them
· Contain solids (from the watershed) and dissolved solids)
· Water is mixed by the action of the wind
· Often stratified
· Thermal stratification
· Max density of water 4 degrees celcius
· Chemical stratification
Lake stratification
· Monomictic mix once a year
· Dimictoc mix twice a year
· Meromictic do not. Permanently stratified. 
· Ex: Pink lake, Gatineau Park
· Lake Nyods, Cameroon
Great Lakes and St. Lawrence River
· Is 18% of the world’s freshwater surface water, together making up the largest freshwater lake system in the world
· Residence time (how long water stays in the lake) range from 2.6 years for Lake Erie to 191 years for Lake superior
3.2.2 RIVERs
· Rivers are derived from rainwater that has either run off or run through its surrounding rocks
· TDS = 118 mg/L
· Suspended and dissolved material is transported downstream by gravity
· Physical characteristics: discharge Q
· Q = (a= cross-sectional area)x(v=Average velocity)
Contaminants
· Metals: Cu, Zn, Cd, Cr, Al, Hg etc
· Organic compounds and organo-chlorinated compounds
· Fertilizers
· Sources: industrial effluents, mines, agriculture, surface run off
· Point Source contamination
· Logging: some barks would loosen up and fall in the bottom of the river. They would decompose and turn into a soup of organic material
· Coal Mining activity: toxic heavy metals and low pH from mine tailings 
Drinking water guidelines
· They get these number by testing on algae. 
· Arsenic – 0.01 mg/L
· Lead – 0.01 mg/L
· Mercury – 0.001 mg/L
· Benzene - 0.005 mg/L
· CCL4 - 0.002 mg/L
· E.coli - none per 100 ml
Oceans
· Contains dissolved, suspended solids
· Because of rivers, rain, marine volcanoes, ice and underground water flow
· TDS = 35 g/L, rich in salt (NaCl)
· Material is lost from the oceans by evaporation (sea mist) and precipitation (silica, carbonates)
Chemical Precipitation
· When u evaporate water salts are left behind
· Evaporative Process:
Na+ + Cl- = NaCl
Ca2+ + SO42- = CaSO4
· Carbonate Precipitation
Ca2+ + 2HCO3- = CaSO4 + CO2 + H2O
Mg2++2HCO3- = MgCO3+H2O+CO2

· Silica Formation:
H4SiO4 = SiO2 + H2O

Pollutants
· PAH (polycyclic aromatic hydrocarbons)
· Fused aromatic rings
· By-produce of incomplete fuel combustion (coal, oil, biomass)
· Carcinogen, mutagen, and teratogen
· Highly toxic and causes mutations
· And lipophilic meaning accumulate in fatty tissues of humans or fishes
· Hamilton harbor and Sydney Tar Ponds
· PAH, heavy metals, tar, PCBS
· St. Lawrence Beluga whale
PCB: 
· Is a POP: persistent organic pollutant
· PCB along with other synthetic organochlorines commonly contaminate the sediments of harbours and major river systems discharging the sea
· Virtually all the PCBs that have escaped into the environment are still there
· Lipophilic, carcinogenic
· PCBs are wide spread along the Atlantic coast. Found in edible crabs, fillets of flounder, beluga whales, and salmon (2 ppm health Canada limit)
· PCBS are not naturally occurring – they are very stable and don’t compose easily and when they decompose they persist/accumulate in fish birds, belugas, and become even more toxic. 
· Sydney Tar ponds contain waste from steel mills and thus, 3.8 tonnes of PCBS 
Heavy metal pollutants
· Natural source and anthropogenic sources include
· Offshore oil and gas development
· Industrial effluents
· Municipal wastewater discharges
· Urban runoff
· Volatile emissions from incinerations and combustion that reach the oceans through the atmosphere
· Mining Facilities
· Ocean dumping
Minimata Mercury 1950
· Minimata – was fishing village where people got poisoned from inorganic mercury and methyl mercury ( the most toxic). This mercury was discharged into Minamata’s fishing bay by a chemical factory. 
· The shellfish/fish would take up this mercury and it would biomagnify up the food chain to humans. 
· People eat a lot of fish in japan and thus lots of exposure to mercury. As a result, this led to neurological diseases. 
Spills
·  A lot of traffic in the ocean and thus lots of accidents of spill. Ocean traffic and industrial operations are the source of most spills
· In the Arctic, the annual sea left of fuel and other supplies to remote communities and industries constitutes one of the largest source of oil contamination
· Elevated levels of hydrocarbon contamination have been documented for specific Arctic areas, and bioaccumulation in benthic fish species such as flounder. Natural seeps are where hydrocarbons and methane bubbles up on the ocean floor and thus if u have a high concentration of hydrocarbons you will impact the organisms and cause bioaccumulation. 
Pulp and paper mill discharges
· Lots of wood fibre material and will settle on the shore where fish hatch. As a result, prevents hatching. 
· Paper mills release toxins into the water.
· Dioxins and furans that are part of bleaching step of making paper can be released into the waters
· These chemicals were found in the fatty tissues and muscles of crabs and shellfish that lead to some commercial and noncommercial fisheries to be closed in the late 1980s.
Nutrients and eutrophication and toxins
· Nitrogen and phosphorous come from
· Agricultural runoff of fertilizers and animal waste
· Aquacultural operation
· Municipal effluents – any organic matter that is rich in nutrients and will end up in the ocean
· Industrial wastewater – from the food processing 
· Phosphorous limiting nutrient in fresh water
· Where nitrogen is limiting in the ocean.
· Eutrophication: is when organic matter decomposes and thus oxidation occurs – oxygen levels can be depleted and lead to complete anoxia this is when fish die. 
· Eutrophication smells bad
· Eutrophic water can contain large amounts of cyanobacteria and algae which can affect the test. 
· These bacteria can produce toxins and be dangerous 
· Excessive algal growth = o2 depletion
· Anoxia creates stress amongst aquatic species and forms H2S which is toxic
· Formation H2S is bc there is no more O2 and this will reduce the sulfate to sulfide which is highly toxic. 
· Water quality is degraded and fisheries are affected 
· Lake 226 cut the lake in half higher phosphorous and turned completely green. 
Sources of Phosphorous
· Source: sodium Na-tripolyphosphate (highly soluble)Laundry detergents
· Used as a surfactant
· 3 millions kg/yr of detergent were used
Surface waters (lakes and rivers) turned green
· Present-day detergents do not contain P
· Promote algal growth
· Lake Erie
TOXINS
· Certain species of phytoplankton produce toxins during excessive algal growth
· Generally non-toxic for aquatic life, but some can be highly toxic introduced in the trophic chain 
· Toxins detrimental to aquatic and human life
· Once people died by eating mussels
Municipal waters
· Are a major source of marine contamination
· It includes storm sewers 
· Source of organic and metal toxic substances
· Inadequately treated municipal wastewaters contain bacteria, viruses, and protozoans which became concentrated in filter feeding organisms such as clams and oysters making them unfit for human consumption
GROUND WATER
· Should be clean but can be contaminated
· Aquifer: geological unit that allows the transport of water –is  porous and permeable to allows water to flow through – ex: sand
· Aquifers contains a small proportion of freshwater
· Aquiclude: Geological unit that does not allow the transport of water. It is impermeable (made out of clay, fine sheets that stack on top of each other and thus small pore space and thus water takes a very long time to glow through it)
AQUIFER
· Unconfined: open
· Saturated zone: pores filled with water
· Vadose zone: pores filled with gas and water
· Confined: allows the transport of water but is sandwiched by an aquiclude. 
Mass balance concept
· Allows us to understand where contaminants are
· Can remain at a location
· Can be transported has the chance of being degraded of transformed or eliminated meaning it becomes insoluble and becomes a solid
· Change in storage of mass = mass transported in – mass transported out = mass eliminated by sinks or produced
· Input rate = output rate + decay rate + accumulation rate
· Steady state: input rate = output rate
· Ex
· [pb1] 1 ppm, q(discharge)=4m3/sec
· [pb2] 0.2 mg/L, q = 6m3/sec , Mout = 300g/d
· 1 ppm x 10^-3 g/L x 4 m^3/sec x 1000L/m3 x 60 sec/min x 60min/h x 24h/day = 75- grams/day
· Thus something is transforming soluble lead into insoluble lead solid by precipitation
Transport and Dispersion
· Soluble and particulate pollutants
· Physical transport
· Advection: bulk movement of water or air
· Flux Density (J) = rate at which a chemical is transported by a unit area
Acidification
· Acid rain is produced when SO2 and NOx are in the atmosphere. 
· Main acidifying species are H2SO3 H2SO4 and HNO3 which are returned to earth by a process called wet deposition (rain, snow)
Acid Rain (look at slide for equation)
· Slightly acidic bc equilibrium with CO2 and H20 in the atmosphere
· pH is around 5.6
· Will dissolve to formn h2co3 and under 
· Ph = 7 to get it neutral, you need to have a buffer to neutralize
· Depends on the composition of underlying rocks and soils
· Carbonate rocks are good buffers, not granitic
· When the pH is less than 5.6, classified as acid rain
· Even small pH due to SO2 and NOx emmisions
· Very little buffering capacity in lakes 
· Acid rain H+ with bicarbonate dissolve will make carboxylic acid and then makes co2
Dry Deposition
· Occur between wet deposition periods
· Vegetation, soils, and water absorb So2 and NOx gases and particular material
· Once incorporated, those compounds are transformed into acidic spcies (SO2 in SO4 2-)
· SO2 and No2 go into the atmosphere and they come into contact with water  and so comes down as acid rain
Acidification in Canada
· The Canadian Shield region of eastern Canada and parts of the Appalachians or Atlantic Maritime ecozone are vulnerable to acidification
· Thin soils and granite bedrock: little natural buffering capacity for neutralizaing acid deposition
· Buffer- resist changes to pH upon addition of acid or base
· Low buffering capacity – areas composed of non-carbonate bedrock and coarse textured shallow soils 
· High buffering capacity – areas composed non-carbonate bedrock and deep, fine textured soils
· Depositions from:
· Smelters
· Thermal generating stations
Bio-indicators of acidity
· Some phytoplankton love acidity. They are dominant in this area – indicates ecosystem is acidic. 
· Shape of skeleton of diatoms can be used to indicate if any of these phytoplankton were there – past history of an ecosystem
Impact of Acidification
· Fish will have deformities and consume more metal.
· Change of algal species, but pop. Density stays the same. 
· Certain aquatic plants (macrophytes) can take over acid waters (sphagnum) 
· Invertebrate benthic organisms – shells. – if you lower the pH they cannot precipitate their shell and thus decrease in numbers. 
Reducing acidity
· Can be neutralized by adding lime or carbonates but you will kill all the organisms living in it
· Neutralization at higher pH promotes metal precipitation
· Diminution of gas emissions
· Requires an agreement between countries, governments, industries and a respect of the agreement

