LECTURE 1-8
Cause of water crisis
· Population pressure + development
· Moving from rural area to cities uses more water (washing machine, dishwasher…)
· Poor sanitation and lack of fresh water to drink 
· Poor safe drinking water and sanitation
· Increase disease and put limitation on work
· Lower groundwater recharge
· Climate Change
· Water redistribution causes floods, drought, abundant rainfall
· Affects regions that reply on melt water (ex. China + India require melt glacier water from Himalaya). 
· Water Quality
· Increasing temperature due to climate and industry engineering– oxygen is less soluble in warm water = fish dies
· Damages ecosystem
· Increasing temp = drought, decrease temp in Northern Hemi. 
· Degleciation, decrease groundwater recharge = rate of melting has been increasing since 21st century. = melt ponds during summer melt season (increase in size and number)
· May also cause by reduced cloud cover + precipitation
· May cause flooding
· Water replenishment depends on rainfall
· Agriculture – inadequate legislation
· Deforestation causes more floods = ruin quality + capacity of reservoirs
· Forest help store water
· Forest fire follow prolonged droughts
· Overuse of groundwater, over pumping for irrigation
· Irrigation (major water use globally)
· PROBLEM: only small amount of water absorbed and received by crops
· PROBLEM: after water evaporates, salt are left behind = damages crop
· PROBLEM: contaminates drinking water with pesticides + fertilizers (nitrate) – mainly Mississippi region
· Destruction of wetlands = decrease water stores =decrease fresh water= increase flood
· Used to believe that it cause disease
· Used to believe removing wetlands control floods, but it’s the opposite
· Unable to convert nitrate to nitrite = blue baby syndrome
· Economic Growth
· People are increasing quality of life, increasing use of technology (dishwasher, washing machine)
· Increases economy = increase price of water
· PROBLEM: May cause boundary issues = military, political, governmental involvement
· More industries producing metals = more metals ended up in wastes
· Increase incident of oil spills
· Hydro-fracturing or fracking for sand mine= cause water contamination
· Industry = produce sulphur dioxide = acid rain
· Pollution
· Water Quality Standard in place 
· Mercury level increase = contaminated fish – BIOACCUMULATES = more contaminated as it goes up the food chain (Same goes for DDT) – BIOMAGNIFICATION
· Cancer drugs are found in water, from house and municipal sewage leakage
· Millennium Development Goals 
· Set by UN, help access safe water and sanitation, reduce by 1/2
· Build dams to resolve it, but need to consider downstream countries and fishery. 

More than one third of the population suffers from moderate to severe water stress




LECTURE 9
Main Characteristics of the Great Lakes
It’s the largest system of fresh, surface water
25% of agricultural production is located around the great lakes
7% of agricultural production of the US is around the great lakes
· High relief near the North, lower relief near South
· Water flow inland to great lakes – Superior to Michigan to Huron to Ontario to Erie to St. Lawrence River to Atlantic Ocean
· St. Mary River links between Lake Superior and Lake Huron
· Outflow from the Great Lakes is really small; usually remain for a long time, 1% flows out, so substances biomagnifies and bioaccumulates. 

Lake Superior
Largest, deepest and coldest
Affected by airborne pollution (Superior + Ontario)
Longest retention (191 yrs)
Soils not good for agriculture
Fewer pollutant
Vegetation near shoreline
Northern basin is dominated by gigantic bedrock
Northern basin = Cold = only thin layer or acidic soil = support vegetation that can adapt
Southern basin = left over from glaciers = deeper soil with clays, silts, sands, gravels, boulders.. = land is fertile for agriculture
More prone to atmospheric pollutant (industry, volcano).

Lake Michigan
Northern part is colder, less developed region
Fisheries
Receives a lot of waste from pulp and paper mill industry


Lake Huron
World’s largest concentration of pulp and paper mills (Huron + Ontario)
3rd largest lake = by volume
Saginaw Bay – fisheries
Georgian Bay
Cottage place
Northern shoreline = glacial deposites

Lake Erie
· Fish is impacted 
· Endocrine disruptor
· Most affected by agriculture (Erie and Ontario)
· Smallest lake
· Greatest effect by urbanization and agriculture
· Retention time is 2 yrs
· Water level seems to be increasing while the level in other lakes remain the same
· Highest level of pesticide (Erie + Ontario)

Lake Ontario
Major urban industrial centers
Retention time = 6 yrs
US end = less urbanized and not intensively farmed
Discharge into st.lawrence

History of Great Lakes
Used to be covered by glaciers 21,000 years ago. Then melted and retreated NORTHWARD. 
Lakes are formed between the ridges of land. 
All land in great lakes basin continues to rise, South part are rising slightly north is rebounding. 

Mineral Resources
Provide significant economic activity – Coal, gas, oil, uranium, copper, zinc, gold, silver, nickel, iron…

Climate
· Jet stream from west to east
· Warm humid air from gulf of Mexico and cold dry air from arctic
· Land heats up slower than water
· Lake temp moderate land temp
· Summer – Northern region of lake receive cold dry air from Canadian northwest
· Southern region receive warm, moist air from gulf of Mexico
· Temperature inversion – Warm air trap cold air below
· Traps moisture + pollutants, prevent them from dispersing - Cause dank, humid days in Michigan + Southern Ontario, smog in industrial areas
· Increased the dormancy of plants, delays leafing and blossoming of plants protecting tender plants, allow warmer plants to survive in western cold weather
· Winter – Cold, dry air from arctic 
· Air from gulf of Mexico can reach the great lakes
· Lake Snow Effect – Winter cold winds move across long bodies of warmer lake water. Cold air flow across warm water and pick up moisture. Once reached land, causes snow. Area affected called snow belts. 
· Vegetation decrease surface runoff - Root systems hold moisture and water remains on plants

Water Levels in Great Lakes
· Superior, Michigan, Huron water level has remained the same while Erie increases to above average level. 
· Overall water level will decrease by 23-50% due to climate change. 
Development of Great Lakes
3 stages 
1. Early urban/agriculture development
2. Water diversion projects from lakes and rivers
3. Population growth continues (need additional supplied)
First European came – then expend(US revolution) – US controlled the whole lake

Agriculture
No rehabilitation of forest = soil erosion
Heavy reliance on chemical to control pesticides
Logging roads
Better agriculture soil in South = greater population = cut down forest = soil erosion
Have to move more and more inland to find more wood. 

Shipping
· Erie Canal – opened in 1825 after 1812 war, Carries settlers west and goods east. 
· As a result, settlement in Michigan and Ohio is more attractive
· Purpose: allow settlers to go toward west (Appalachian Mountain), cheap and safe way to carry produce to market – low food cost to eastern cities, and ship missionary and good to midwest
· Before, proposed to connect Hudson River with Lake Ontario
· Since 1990s, has been used for recreational traffic, small crafts, and larger vessels only from May to November. 
· Lanchine Canal – opened in 1850 to bypass rapids on St. Lawrence River
· 1959 – Opened St. Lawrence seaway to allow ocean vessels to navigate the great lakes
· Transported iron ore, coal and grain through ships
· Now, trucking + railroads took over as opposed to shipping

Welland Canal
Opened in 1829 – allowed ships to avoid Niagara Falls by going through Niagara escarpment. 
Promotes economic growth
Steel industry is settled around the lake because it can carry from mines to steel mills

Fishery + Recreation
Important food source for native + European, but decline after (large valuable fish disappeared) ex. Trout
Activities that were important in early settlement became recreational activities (ex. canoeing, boating, fishing)




LECTURE 10
Wetlands
· Habitat for plants and animals
· Food, rest place, seasonal habitats, reproduction of fish
· Economic – fishery
· Control erosion, flooding, and pollution
· Loss led to seasonal fluctuation in water levels
· 70-80% of wetland have been lost in Southern Ontario 
· Cleared for agriculture, urban uses, shoreline, recreation, mining
· Cause greater surface runoff = fluctuation in water levels
· Soil washed away, clots river, alters flow

Decreased Fishery
Decrease fishery due to removal of wetlands + overfishing
Lampreys and zebra mussels

Problems
· Agriculture, forestry, urbanization, industry, eutrophication. 
· Soil erosion increase with more pollution
· Higher temperature
· Phosphorous in lakes – limit to 1mg/L
· Different for each lakes
· Nuclear power plant discharge warm water into lakes
· Mercury, Lad, DDT lead to damage of the nervous system in infants and young children.
· DDT – increase thickness of eggshells. 
· Resuspension of toxins, pollutants, sediment, from ships
· Chemical Valley in St. Clair river (Sarnia) – made up of chemical plants
· More girls born = endocrine disruption
· Breathing problem in kids, death

Urbanization
· 19th century – waste water directly dumped into waterways – believed it would be diluted and dispersed and become inoffensive to environment. 
· Problem realized when water supplies contaminated with urban industrial effluents
· Problem with health (pathogens)
· Chicago 1854 – Cholera Epidemic
· 5% of ppl died
· Solution: reverse the flow of Chicago River, diversion channel dug to carry sewage efferent away from Lake Michigan into Mississippi River 1878. 
· Hamilton water contaminated (PAHs) pesticide +toxic (RANDLE REEF)– can’t be drawn from harbor or wells
· Solution: Lake Ontario Water distributes water to cities. 
· Solution: Great lake Water Quality Agreement, between Canada + US
· Solution: put concrete slab and leave it underneath, because it’s too expensive to solve. 
· Prevention of water pollution is water borne disease
· Solution: municipalities add chlorine
· Problem: disease (bacteria, virus, parasite) transmission through contact with contaminated water
· Solution: Close off those branches in summer when water is warm and bacteria from feces reach high concentration. 

· US 1993 - Milwaukee’s Crytosporidium
· 2 weeks, 400,000 ppl ill with stomach cramps, fever, diarrhea, dehydration
· Found out they are receiving water from south water treatment plant of city
· Found no single clear contamination, but multiple sources (cow manure, sewage, runoffs)
· Solution: Ozonation – eliminate crytospordium from water supply

Eutrophication
Little algae growth in oligotrophic lakes (lack of nutrient) = low oxygen concentration
Solution
· 1972: Great Lakes Water Quality
· Control phosphate loading – Lake Erie wastewater plant
· 1990s: blooms of Microcystis (blue-green algae) in Lake Erie, carries toxin
· Bloom in 2011, usually seen in ocean, not in lakes, 50 times higher than WHO level. 
· Zebra mussels
· Build up toxin

Lake Erie – DEAD ZONE!
Bottom of Lake Erie in late summer/fall is anoxic (no O2) – esp Aug, Sept
Lead to excessive algae growth at surface
Shallow depth = oxygen exhausted when microbes decompose dead algae, so organisms at the bottom suffocates. 




Lecture 11
Water management in Canada
· Constitution Act 1867
· Province - Regulatory power, Determine allocation, Control over flow, water se and pollution control
· Government – navigation and fisheries
· First nation and Canada federal share responsibilities on water management
· Started in 1935 with Prairies Rehabilitation Act – in response for drought and farm abandonment and land degradation

Major Diversion Proposal
Many proposal given to divert water to water poor areas in US proposed by entrepreneurs selling the water
NAWAPA, Mississippi Diversion, the GRAND

Great lakes Fishery Commission
· Sea lampreys were discovered in Ontario in 1835
· Decrease in fish population
· All lake have issues except Lake Superior
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Improving Monitoring
Prevents natural disease – flood
Automated monitor
Weather radar
Water and satellites
Lecture 12 – improving access

How can we manage great lakes better? Cont’d:
· Increase the amount of ground surveys around the great lakes
· Invest in automated stations that would monitor the great lakes
· Use satellite’s more to monitor overdraft of groundwater 
· Introduce more decentralized community-scale systems
· These facilities are at the much smaller scale which makes them easier to maintain and therefore cost less
· Implement a monetary charge for water usage 
· Equitable pricing for everyone
· People who are vulnerable will still be able to afford access to water
· Reduce leakage
· Upgrade water infrastructure (i.e. – sewage pipes, home pipes)
· Increase use of meters & add flow limiters to them
· If Canadians were to implement the metering system, we’d see a 30-60L/person/day reduction in water 
· Re-use more grey water (water that’s been used & is safe to be re-used for other activities except drinking)
· Although more expensive than normal plumbing, can reduce domestic water use by 40-50%
· Increase more energy/water-efficient appliances in homes (I,e, - laundry machines, faucets, shower heads, fridges, ovens, etc)
· Reduce amount of black water 
· Use more efficient methods of irrigation – irrigation sprinkler/drip irrigation because they use less water & deliver more water directly to the plants
· Invest in new technologies for irrigation 
· Plant more plants that don’t require a lot of water
· Reduce food waste(b/c it has virtual water)
· Eradicating of corruption
· More sharing of resources 

