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Definitions of Surroundings
· Climatic, edaphic (soil), biotic factors that act upon an organism or an ecological community and ultimately determine its form and survival
· The aggregate of social and cultural conditions that influence the life of an individual or community
· Efficient use of local resources

Hong Kong, Lamma Island 
· Man makes his own transportation using very inexpensive materials

Mongolia, Black Horse Mountain
· Shrunken onion
· Crops difficult to grow – very little wood, trees…
· Very cold in winter & very dry
· Plastic bags to not be used anymore 
· Use animal (yak, camels, sheep, goats, horses) dung for fuel because have no wood

Disturbing Use of Resources
· Kivu
· Has a lot of mineral resources, especially cassiterite
· Cassiterite AKA tinoxide (SnO2)
· Abundant in Rwanda
· Civil war between Congo and Rwanda over tinoxide
· Tinoxide (SnO2) + Carbon (C in the form on charcoal)  grabs on to the oxygen and makes CO2 an elemental tin
· Tin
· In a lot of technology
· Is disputed over
· Found in cassiterite
· Found in a village of 10,000 people
· Mud huts with plastic roofs
· Find cassiterite pieces 
· Walk for about 30 miles 

Picture
· Einstein
· Professor at the Berlin Academy of Sciences
· 1930s – when Hitler started taking over Germany
· Ernest Rutherford
· Mcgill 
· Winning nobel prize for laboratory in Cambridge
· President of  the Academy Assistance Council Aid Displace Academy

Perspective: National Science Foundation (NSF) Poll
· Adult Americans (US) believe
· 88% in alternative medicines 
· 70% magnetic therapy is scientific
· 60% Extrasensory perception (ESP)
· 40% astrology is scientific
· 32% in lucky numbers
· 30% UFOs – other civilizations
· 1/3 humans existed in present form since beginning
· 2/3 humans have evolved overtime

Perspective: Air & Global Warming
· Younger generations making a positive impact
· Lauren Liu – McGill undergraduate who went to climate conference
· Al Gore & Dr. Rajendra Kum Pachauri – Nobel prize for showing the reality of global warming
· Presentation on Ted
· Change in polar caps – shrinking 
· Muir Glacier, Alaska

Green House Gases: CO2, Methane (CH4, Water
· CO2 Production
· 1 car/year = 5 tons of CO2
· Europe air traffic/day = ~350,000 tons of CO2 of burning jet fuel
· Water
· Absorbs ~15% of solar radiation
· 15 billion tons in the atmosphere
· Consequences of Global Warming
· Malaria/ Dengue fever
· 3000 children/day
· Risks are increasing because temperatures are increasing
· ~65% reduction of greenhouse gas emissions is needed to combat the problem of global warming
· Methyl Bromide (CH3Br)
· Used to fumigate soil (get rids of pests, kill fungus and keep plants healthy)
· Soil fumigation = 72,000 tons/world
· Bad for atmosphere – damages ozone layer
· A technology to recapture bromide but not until 2021
· Exemptions given to some countries because it is used so effectively in agriculture

Other Problems with Gases in the Atmosphere
· Cooking fires – burning dungs…
· Decreasing life expectancy of women
· SO2 emissions going up in Asia & going down in Europe/US/Canada
· Nigera – main source of oil
· No efficient way to capture gas, so must flare it out into the air 

Perspective: Water
· ~6 billion people in this planet
· ~1 billion – no access to clean water
· ~2 billion – inadequate sanitation
· Border between Texas & Mexico, Ivory Coast, Nile River
· Nile River
· 6670 km long
· 90% of Egyptians use this river water

What Goes into the Water?
· Human waste, animal waste, fertilizer 
· Nashua River, Massachusetts in 1950s with red dye from a paper plant – been cleaned up
· Tire rubber
· Shampoo
· Toilet water 
· Soil
· Dioxins
· E.g. Seveso, Italy
· A plant was exploded and released into the environment 
· Chloracne
· Nervous system – went away
· Liver damage – went away

Perspective: Soil
· ~10,000 species of microorganism 
· Dioxins
· E.g. Seveso, Italy
· A plant was exploded and released into the environment 
· Chloracne
· Nervous system – went away
· Liver damage – went away
· Recently, an 1881 soil sample shows about half the amount in the surface soil at the same site
· Dioxins is formed by smelters and wood combustion

Perspective: Energy – Fossil Fuels
· Fossil fuels
· Oil 
· Gas
· Coal
· 90% of all fossils fuels that are burned go to vehicle power plants (coal)
· 7% go into plastics
· Fossil fuels are plentiful and dominate as an energy source 
· Oil is most used 
· Biomass & Hydropower – most renewable energy

Fracking
· Some chemical, steam, water, pressure is sent down to break up the shale rocks (that is there to release the hydrocarbons, propane, methane) and pull those gases out of the ground
· Banned in Pennsylvania and NY state 
· Some of these chemicals get into the water 

U.S. Imports
· ~13 million barrels of oil per day
· Produces ~7 million barrels per day
· Now
· Producing more oil
· Importing and burning less oil than it use to
· Where does US import its oil?
· Canada
· Saudi Arabia
· Mexico
· Venezuela

World Reserves
· Oil – 80 years
· Gas – 70 years
· Coal – 700 years
· Canada Oil Sand – 179 billion barrels
· US Oil Sand – 22 billion barrels
· ~90 billion barrels/day used in the World
· China and US use the most energy
· India use the least energy

Other Perspectives
· 1903 – Wright brothers (airplane)
· Connecticut = first?
· ~1900 in North America
· Avg. life expectancy was 47 years
· Only 14% of homes had a bath tub
· Only 8% of homes had a telephone
· Only 8000 cars & 144 miles of road
· More than 95% of all births took place at home
· Most women wash their hair 1 a month using borax or egg yolks for shampoo
· Canada passed a law prohibiting poor people from entering into the country
· 2 out of 10 adults couldn’t read or write
· Only 6% of Americans had graduated from high school
· 1908 – model-T (car)
· 1909 – Robert Peary went to the North Pole
· Dog sled
· 1911 – Rodgers cross country under a month by airplane
· Didn’t win the prize because took over a month
· 1918 – flu epidemic
· ~30 million
· 1915 –  Ernest Shackleton to go to Antarctica 
· Failed – boat frozen in ice & crushed 
· On boat 
· Redid by Kenneth Branagh
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· Observations  conclusions

Omega-3 Fats
· Reduce the risk of irregular heartbeat
· Smarter babies
· However, news says fish are contaminated with mercury and PCBs

Hamburger & hotdog meat 
· Contaminated with dioxins
· Dioxins
· By-product of some industrial process, which are released into the environment, washed down by rain, then settle on fields where animals (cows) eat the grass

Buns
· Contaminated with acrylamide
· When bake wheat at a high temperature, you form the chemical acrylamide
· Acrylamide = cancer causing substance

Veggies
· Corn
· Contain lutein (antioxidant) 
· However the corn may be genetically modified 
· People are demonstrating against genetically modification
· Organic spinach 
· May be contaminated by e.coli

Red wine 
· Flushes out our arteries (good thing) 
· But too much of red wine or alcohol may increase risk of cancer (e.g. breast cancer)

Juice 
· Grapefruit 
· May reduce the risk of heart disease
· But it can also interfere with the absorption and the body’s use of certain medication

Tap water 
· Has chlorine which causes the formation of triholomethanes which is also a cancer-causing chemical

Water cooler
· Polycarbonate plastic releases bisphenol A into the water, 
· Bisphenol A is a endocrine disruptor which interferes with hormonal activity
· Blamed for premature puberty in girls

Bottled water
· Polyester plastic releases antimony (similar to arsenic) into the water

Antiperspirant
· Contains a preservative called parabens
· Linked to breast tumors

Shower
· 108 chemicals detected in the air when someone is taking a shower coming from the shower curtains

Nail polish
· Contains disbutyl phthalate
· When feed animals disbutyl phthalate, the distance between the male babies’ anus and genitals are unusually short/close

Pillow
· Contains a foam which releases isocyanates into the air which are highly toxic

Power lines
· Release electromagnetic radiation

Balloons
· Rubber may be contaminated with nitrosamines 

Numbers
· Risk analysis – weigh risk against benefits
· Hazard and risk are not the same
· Hazard – innate & physical property of a substance, ABILITY to cause harm, cannot change hazards (e.g. arsenic)
· Risk – CHANCE that it will actually cause harm, can change
· Risk = hazard * exposure * vulnerability
· Water bottles
· 3 parts per billion of antimony
· ADI (acceptable daily intake) is 6 parts per billion

Hand-Washing with Soap
· Most cost-effective health intervention in the world
· Dramatically reduce in diseases
· Sanitation is the most important medical advance since 1840, ahead of antibiotics and anesthetics
· Today 5x more children die every day from poor sanitation than from aids
· Montreal doctors and nurses not washing their hands as much as they should between patients
· Hand washing can prevent 30% of hospital acquired infections
· Importance of hand washing since 1847
· Ignaz Semmelweis – physician suggested doctors and nurses should wash their hands before attending women giving birth

Risk is everywhere
· A bucket can present the risk
· Every year about half a dozen of children drown in a bucket
· Any bucket that can fit a child’s head has to have a warning on it
· Soda pop vending machine
· Every year people get injured because they rattle the machine and it falls on them
· Going to church 
· Air quality in the church isn’t good because of the candles and the lack of circulation
· Incense & soot – aromatic gums from resinous trees burned upon coal which can trigger the formation of free radicals (searches electrons in the body)
· Electron spin resonance – detects free radicals 
· High concentrations of polycyclic aromatic hydrocarbons & soot
· Has particulate matter (less than 10 microns & don’t see but inhaling it) was 20 times higher
· Free radical levels were also higher
· Polluted streets – inhaling combustion by-products
· Athabasca oil/tar sands – extracting oil is a complicated process through refineries
· Polycyclic aromatic hydrocarbons (PAH) releases from oil and into the air and water
· Benzopyrene 

Risk Analysis/Evaluation
· Car vs. environment 
· Airplane – 15,000 deaths since 1914 vs. 50,000 deaths every year in car accidents in North America
· Many scared of airplanes after 9/11/2001 = significant increase in car accidents
· Deep-vein thrombosis – die sitting one place in a long time
· Rollercoaster more dangerous than airplanes

Toxic Wax on Fruits and Vegetables
· When processed, the natural wax that was removed  to keep the fruits moisture by replacing it with: 
· Beeswax
· Canauba wax
· Candelilla wax
· Shellac 
· Oxidized polyethylene to keep the fruits moisture
· Morpholine on apple from wax reacts with substances in foods to form nitrosomorpholine 
· Nitrosomopoline - shown to be a carcinogen on animals 

Meat
· Contain proline reacts…

Fish 
· Contain putrescine

Vegetables
· Cabbage contain nitrates 

Coffee 
· Over 1000 chemicals released but we know it does not cause cancer
· Contain cancer causing substances but it is NOT a carcinogen = because amounts matter & threshold effects below which there is no risk
· Coffee bean contain these substances because they are natural pesticides
· More carcinogens in a cup of coffee than average north American diet for a year yet coffee is #1 source of antioxidants in the diet
· Risk vs. benefit = more benefit and not risky to drink coffee
· A cup of coffee contains about 10mg of suspected or known carcinogens:
· Caffeic acid
· Benzene
· Styrene
· Formaldehyde
· Furfural 
· We consume about 1.5 grams of natural pesticides a day which is 10,000 times more than synthetic pesticide residues (the more harmful one)
· 99.99% of pesticides in the environment are natural
· The body handles synthetic and natural toxins the same way

Carcinogens 
· AKA cancer causing agents are everywhere
· Furfural
· Chemical to make plastic
· Known cancer causing agent
· Hazardous – rodent carcinogen
· Becomes dangerous at 200 mg per kg body weight
· Apples, potatoes, wheat
· 6000 loaves of bread to die because numbers matter

Conclusion
· The presence of chemicals DOES NOT EQUAL to the presence of a risk – numbers matter
· Effects depend on molecular structure and NOT on whether a compound is synthetic or natural
· High dose animal studies may NOT reflect human exposure and risk – because we are different
· Animals may react very differently from humans and even from each other
· E.g. guinea pigs can die from dioxins, and hamsters will not
· E.g. dogs can die from chocolate, and humans will not
· Science can never prove that there is no risk associated with a chemical – can’t prove that something cannot happen
· Opposing views in science are common but does not necessarily carry equal weight
· Almost any position can be supported by cherry picking data
· The plural of anecdote is not data
· Repetition of a false notion does not make it true
· It is impossible to predict all consequences of an action
· The use of chemical products and process that reduce or eliminate substances hazardous to human health or the environment
· Chemicals are to be understood, not feared or worshipped
· Science is not unalterable truths and certainty as scientists can change their mind to conform to the evidence
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Introduction
· People want chemical-free things
· Everything is made of chemicals
· 60 million known chemicals – 99.9% naturally-occurring and rest are man-made
· Paracelsus
· “only the dose makes the poison”

Benzopyrene 
· Occurs when heating protein at high temperature (e.g. barbeque)
· A carcinogen (a substance that causes cancer on some animals at some dose)
· Eating 100 steaks will increase cancer risk by 1 in a million
· 100 steaks will increase cancer risk by 0.0003%
· Lifetime risk of cancer is 1 in 3
· 1.4 cigarettes will increase lifetime cancer risk by 1 in a million

Data Presentation
· E.g. giving estrogen supplements to women with menopause
· Risks
· 30% increase in breast cancer risk
· In a 10 year period – 3-4% of post-menopausal women will develop breast cancer
· With estrogen supplements this increases to 5%
· Another way of saying it
· A post-menopausal woman who takes estrogen reduces her change of remaining cancer free from 96% to 95%
· E.g. 1 in 100 post-menopausal women taking estrogen will develop breast cancer due to therapy
· Breast cancer survivors
· 345 women with severe menopausal symptoms
· 174 received hormones and 171 did not
· After 2 years 26 women taking hormones had a recurrence compared to 7 who were not taking hormones
· Three-fold increase in risk
· Another way of saying it
· 11 in 100 post-menopausal breast cancer survivors taking estrogen will develop breast cancer due to the therapy
· E.g. “mad cow disease”
· Started in England
· From feeding cows animal remnants
· Cows exhibited bizarre behaviors and looked mad
· People who ate it developed this disease – turned brain into sponge
· No treatment or cure
· 202 deaths worldwide – small number because a lot of people in meat 

Quality of Studies
· E.g. everyday anti-perspirants chemicals (parabens – preservatives for no bactera) in human breast tumors
· Dr. Philippa Darbre
· Samples from breast tumor cancer patients and found parabens
· No control group
· Numerous other products contain parabens
· Did not determine if the women with breast cancer used antiperspirants 
· Antiperspirants sprays have never contain parabens
· She said parabens are estrogenic
· But parabens are 10,000 to 100,000 less estrogenic activity than naturally occurring estradiol
· Be careful not to react to every scare
· But also cannot have a “devil may care” attitude because there are risks
· Need to know what is worth or not worth worrying about

Pesticides
· Always considered being harmful
· Design to kill insects, weeds, fungi… 
· Quebec studies pesticide ban
· Jean-Dominic Levesque-Rene diagnosed with Non-Hodgkins’ lumphoma (cancer)
· Parents convinced it was because they were spraying the lawn with weed killer
· “post hoc, ergo proper hoc” argument
· AKA after it, therefore because of it
· Treated and cured and become an activist
· No study to support this idea
· Correlation does not imply cause and effect
· Rise in autism and organic food sales – does not imply cause and effect
· E.g. Barry and Jackie
· There are risks to pesticides
· But they affect workers because they are exposed to it
· Demonstrations from activists, groups, etc about banning pesticides
· Anti-pesticide activists are not all frazzled, emotional hysterics
· Scientists are not unbiased and competent – there are financial interests
· A good scientists accepts the results of quality research even if these are not according to his or her wishes
· USA cuts use of common pesticide

Risk = toxicity * exposure
· Hazard is a property that a substance has that is capable of causing harm
· Risk is the chance that it will cause harm

Health Scare Themes
· Ignorance of “the dose makes the poison” – media 
· Belief that data  from animals fed huge amounts of a substance can be extrapolated to humans
· Belief that if the risk of harm cannot be ruled out then activity should not be permitted AKA if there is a risk don’t do it 
· Belief that synthetic chemicals are more dangerous than natural

Studies can be found to bolster virtually any view
· Can find data about any view
· People cherry pick data that supports their view

Teflon
· Coating for pots and pan – makes them non-stick
· Pasty Sherman – 1952 working as a chemist at 3M company
· Scotch gard – nothing would stick to it when sprayed on 
· PFOS – animals had it so phase it out
· Replaced PFOS with….
· PFOA – used in the making in teflon
· Useful for plumbers
· Article
· Buckey Bailey borned malformed – 30 surgeries
· Mother worked in dupont plant that manufactured Teflon and had c-8 In her blood
· Where is PFOA coming from?
· Everyone has it 
· Not from pans
· Coming from fluorotelomers – used in many commercial products
· Popcorn stain-free packaging
· Stain-free carpet
· Fire-fighting foams
· In animals – carcinogen, endocrine disruptor…
· Dupont, west virginia
· General population in area 330 ppb
· Workers 775 ppb
· 3x greater risk of mesothelioma and kidney disease among workers
· 2x greater risk of diabetes among workers
· Many chemical plants around there 
· Did not provide exposure data
· Failed to tell…
· Hit with a fine for not reporting 
· Promised to phase out PFOA and eliminated its use in the manufacture of fluropolymers
· Polymer fume fever – heating Teflon pot for a long time
· Very deadly to birds
· Risk-benefit ratio 
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Bisphenol A
· AKA BPA 
· Deadly chemical by media
· Bisphenol A + phosgene = polycarbonate of bisphenol A
· Found in:
· Sport equipments
· Disks
· Ipods
· Laptops
· Cavity or teeth/white filling
· Epoxy glue 
· Lining inside food cans – to protect food and metal from food
· Ink on cash receipts 
· Additive to some hoses
· Hard plastic containers – water bottles, baby bottles, sippy cups 
· Endocrine disrupter – hormone disruptor
· Known since 1936
· In our pee

NOAEL
· AKA “no observed adverse effect level”
· Give animal substance until they are affected then cut back dose until there is no affect
· Accepted intake in humans is NOAEL in animals / factor of 100
· Acute effects – will we be affected years later
· 1 L of water stored for 24 hours contains one 3000th the NOAEL in animals

Hormonal Effects
· Pituitary gland – releases one millionth of a gram of hormones per day
· Can’t dismiss small amounts of hormones
· E.g. Tributaltin (TBT) – paint on ship
· Affect on water life – female snails growing penis 
· Remove from market
· Most endocrine disrupter are naturally-occuring
· Soybean – has estrogens 
· Hummus
· Milk 
· Wine – resveratrol similar to diethylistilbestrol (a known endocrine disruptor given to women back then with miscarriages & baby girls had vaginal cancer)
· Recommended regimen of DES started at 5 mg/day in the 7th & 8th week of pregnancy, increase to 125 mg/per day by the 35th week of pregnancy
· Risk of clear cell adenocarcinoma was 1 in 100 DES daughters
· Daily exposure to BPA is about 5 micrograms/day – that’s 1/1000th of the DES dose
· Expose to BPA everyday

Animal Studies
· Intervention studies – control group 
· Rats – because raise a lot of them
· Negative effects of BPA on mice – alters peripubertal mammary gland development
· Conclusion – small amount of BPA had an effect on the animal
· BPA increases risk of prostate cancer (article)
· Took human prostate cells and graphed it onto prostate cells of mice 
· Rats with high level of BPA
· More like to be obese, have diabetes and cancer
· These studies lead to the hypothesis that pre-natal and early life exposures to BPA stimulate fat cells which predisposes individuals to obesity and possibly diabetes
· Humans are not giant rats 

Human Studies
· Cannot do intervention studies
· High doses of chemical BPA in Chinese factory workers linked to men’s sex problems
· Exposure was more than 50x greater than average north amercan exposure
· Only 20% of men had problems
· Mother’s BPA level in pregnancy affects behavior of 2 year olds 
· Low BPA level = calm baby
· High BPA level = trouble baby
· Association = cannot prove cause and effect
· E.g. study links BPA to diabetes & heart disease

Canada limit BPA in baby bottles
· Because there are substitutes 
· Many studies says the benefits outweighs the risks
· FDA  conclusion said there is no risk to baby bottles

Study links BPA to birth defects & miscarriages
· Study on monkeys
· Continuous release of BPA capsules
· Bypasses the liver
· Dose was 2000x higher than normal consumer exposure
· After more than 6000 studies over several decades, there is NO evidence of any human harm from BPA in normal consumer use
· But lack of evidence of an effect is not evidence of no effect
Researches
· “if it bleeds it leads”
· Researchers promote the results of studies of questionable design as evidence of harm
· Zeal to obtain research grants
· Attempt to make linkages often to support preconceived notions

Substitutes of BPA
· Other plastics – however some are hormone disrupter
· Canada no long allow baby bottles with polycarbonate
· Substitute PVC in rubber around the glass bottle
· However it contains phthalates 

Phthalates (family of compounds)
· Not chemically bound to PVC (plastic) and therefore can leach, migrate or evaporate into air, food and other materials 
DEHP (type of plastic)
· Perfume
· Nail polish
· In our blood 
· Dr. Shanna Swan
· Research on the distance between the anus and genitals
· Measures anogential distance in 106 boys
· Measure phalates in blood of mother – high maternal exposure vs. low exposre
· High exposure boys had shorter anogenital distance 
· Difference was 3% to 4%
· Studies
· Higher levels of phalates = smaller pensis 
· Semen quality worse with higher exposure of phthalates 
· Premature breast development in Puerto Rican girls associated with higher blood levels of different phthalates in their blood (DMP, DEP, DBP and DEHP)
· Products
· Cosmetic products as mentioned above
· Creams 
· European union does not allow DEHP, BBP or DBP to exceed 0.1% of the mass of the plasticized part in any toy
· Restricted phthalates in toys, especially in toys that is put into mouth
· Arnold did it
· US congress did it
· E.g. plastic ducks
· Alternatives to Phthalates
· Triethyl citrate
· Thributyl citrate
· Acetylthihexyl citrate
· Biggest concern = plastic used in hospitals on babies 
· Alternative plastic
· Silicone
· Polyethylene 
· Polyurethane
· Natural rubber ducks with isoprene
· Also toxic
· PVC on clothing
· Life expectancy increasing every year so stop worrying  
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Water
· Canada 4000 L/day/person (capta)
· 9% agriculture
· 79% industry – most water used in industry 
· 12% residential 
· Canada – we don’t use a lot of what is available
· 1/10 water use of Canada vs. US
· Canada less water on agriculture because we have lots of rivers and lakes 
· Ethiopia use most water on agriculture – need to eat
· 900 L of water to produce 1kg of corn
· 16,000 L of water to produce 1kg of beef
· 150 L of water to produce 1kg of coffee
· Vietnam produce most coffee
· Finland drink coffee most & favorite pastime is tango
· 8,000 L of leather shoes
· 10,000 L of cotton (jeans)
· Aral sea in Kazakhstan
· Use to be 4th/5th largest lake in the world 
· Grow cotton around the sea – use a lot of pesticide
· Disposable and cotton diapers are debatable – which is best for environment
· Cotton is hydrophilic – absorbs a lot
· Disposable
· Lined with cellulose
· Use polypropylene which is hydrophobic 
· Sodium polyacrylate – “super slurper”
· Water footprint chart summarizes everything

Industry
· 150,000 L of water to produce a car
· Alberta Tar Sands
· Alberta Tar Sands use 500 million liters per day
· Produces 1 million barrels of oil per day
· Requires 3 million barrels of water per day
· ~480 million L of water per day
· The term “fracking” is associated with the extraction of shale gas
· Shale gas
· Drill horizontally 
· Inject water in shale to break it up, which releases gas 
· Uses 10 to 20 million L of water per well
· About 10 thousand well in Canada 

Residential 
· Residential (only) – 335 L 
· Canada avg. daily domestic water use (per capita)
· More than European countries 
· 37% of water in Montreal is lost because of leaks
· Use of water
· Bathing 35%
· Flushing 30%
· Laundering 20%
· Cooking/drinking 10%
· Cleaning 5%
· Washing – Canada 118 L vs. France 45 L
· France more careful because they pay for water 
· We pay through tax
· Flushing – Canada 100 L vs. France 15 L
· In the past Canada 12-20 L per flush and now 5-6 L per flush
· Thomas Crapper (1836-1910)
· Introduced a new type of flushing system
· John Harington 
· Introduced the 1st flushing system
· Laundering – Canada 67 L vs. France 33 L
· Washing machines more economical than hand-wash to remove suds
· Cooking – Canada 34 L vs. France 11 L 
· Most water in lungs 90%
· Radishes contains the most water 98%
· 70% of the earth surface is covered by water	
· 97.20% in the oceans
· 2.15% in ice-caps
· 70% of our fresh water in ice-caps
· 0.65% groundwater
· 0.01% surface water 
· Consumption of water going up 
· Ontario 2000
· 7 people died from contamination of water with e.coli
· E.coli comes from animals & their feces went into the ground and found into the water and was not properly treated
· Water treatment – water that is treated before it is used
· Sewage treatment – water treatment after-use 
· PET
· Plastic bottle are made of PET
· Antimony in water bottles – 600 parts per trillion
· Antimoney NOAEL – 60 mg/kg/day
· 1 part per trillion is equivalent to 1 second in approximately 32,000 years 
· 1 ppm (1 part per million)
· 1 mg per litre
· 1 ppb (1 part per billion)
· 0.001 mg per litre
· 1 ppt (1 part per trillion)
· 0.000001 mg per litre

Consumption of Water
· An 80 kg person have to drink 800 L of water in order to reach a potentially dangerous dose of antimony
· A person would have to drink 8 L of water to reach a potentially dangerous dose of water 
· Women dies drinking 8 L of water 
· Water intoxication – imbalance of electrolytes in body because of over-consumption of water damages brain 
· Osmosis – cells move from low concentration to high concentration
· 2.5 million plastic bottles/hour in US
· Mexico has the highest per capita consumption of bottled water

Arsenic 
· Bangladesh – drinking water contaminated with arsenic
· Use surface water for their needs (from rivers…)
· Drilled well was contaminated with arsenic 
· Arsenicosis – affects the skin 
· Safety level of arsenic is 50 ppb in Bangladesh 
· SONO filter – but expensive 
· Safety level of arsenic in north America is 10 ppb
· Dr. Oz show in September 2011 – apple juice with arsenic 
· Rice most contaminated with arsenic because need a lot of water 
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Water Pollution
· Cuyahoga River 1970
· River caught fire – so much waste, pollutant… 
· Now clean water

Human sewage 
· Most common water pollution
· Inadequate sanitation
· 40% of the world with inadequate sanitation 
· 2 million children deaths a year because of it
· 80% of all sickness in developing countries (WHO)
· Kibera (slum in Nairobi)
· No toilets – use flying toilets AKA plastic bags 
· Dharavi (slum)
· 1 toilet per 1500 residents 
· Slumdog millionaire
· World Toilet Day – November 19th 
· Human sewage is easy to deal with because it is biodegradable
· Biodegradable is when:
· Made of organic material and oxygen
· Because of bacteria it converse to carbon dioxide and water
· Needs enough oxygen AKA Biological Oxygen Demand (BOD)
· Easier to dispose sewage in river
· Because of the movement and fast flowing 
· Cold and fast flowing water  higher levels of oxygen  greater biogradation
· Henry’s law – the higher the temperature, the more oxygen/gas content
· Different stages of water treatment 
· None (least affective) – sewage is released untreated
· Primary – removal of debris and suspended solids by screening and settling
· Secondary – use of biological processes to break down organic material and remove additional suspended solids
· Tertiary (most effective) – advanced treatment that uses additional filtering or chemical or biological processes to remove specific compounds or materials that remain after secondary treatment
· 2004
· 86% of the municipal population in Canada receives some form of sewage treatment
· Secondary or treatment was provided to 74$ of the municipal population
· Montreal use to have dirtiest water in north America 
· Water went straight to st.lawrence river
· 1967 – sewage treatment plan in montreal didn’t proceed to make Olympic stadium
· 1984 – sewage treatment plan created
· Primary treatment + some secondary + removal of phosphates
· No disinfection AKA tertiary treatment
· Sewage plan – pumping  screening  degritting (oxygen pumped in water for biodegradation)  sedimentation  outfall
· Drugs in drain
· Montreal use ozone sewage treatment system

Agriculture
· Pig manure huge problem to environment
· Used as fertilizer
· Nitrates 
· Can convert to nitrites can turn into hemoglobin/methemoglobinemia (oxygen cannot be carried properly)
·  Blue baby syndrome 
· Phosphorous & nitrogen
· Fertilizers
· Applied too close to river/lake = promote algae growth
· Eutrophication – dying of rivers/lake due to overuse of fertilizers
· River/lakes get filled up with biodegradable matter, but not enough oxygen to biodegrade – leads to dead lake
· Blue-green algae in water because fertilizer find themselves in the lack
· Cyanobactera – 3.8 billion years old
· Phosphorous 
· Cleaning agent
· Deal with “hard water”
· Hard water contains calcium
· Phosphates – improve cleaning ability by tying up minerals (calcium)
· Phosphates in macaroni and cheese
· To give texture and moisture
· Promotes algae growth
· Present in dishwashing detergents
· 2010 – dishwashing and laundry detergent cannot have more than 0.5% of phosphates

Commercial vs. organic fertilizers
· Contain the same elements needed for plant growth
· No evidence that food produced with “organic” fertilizer (manure) is more nutritious 
· A lot of “organic” can be obtained but would not be enough for present food supply
· Organic fertilizers are less prone to runoffs
· Less likely for eutrophication 
· Easiest to fix by adding more bacteria and oxygen

E.coli
· Water contamination from use of manure
· Organic produce can be contaminated with e.coli because of the manure

Industry
· Have many different types o pollutant
· Mercury
· Metal liquid at room temperature
· Found in thermostat by then
· Main source of mercury = power plants
·  Burning coal = smoke
· Cremation
· Teeth fillings made of mercury
· Mercury released in the environment
· Amalgam 
· Elemental (liquid) mercury not as deadly as mercury vapor 
· Affects the brain
· Madhatter 
· Minamata, Japan 1953
· Major mercury poisoning
· Mercury plants
· 200-800 deaths
· Swedish scientists – prove how deadly vapor mercury is
· Elemental mercury, under the influence of microorganisms, is converted into organic mercury, which is extremely toxic (more than vapor mercury)
· Found that the cats were experiencing the same symptoms as the people
· Biomagnification – elemental mercury found into the water, and under the influence of microorganisms it got influenced into metal mercury, the metal mercury was picked up by the plantains and the plantains was eaten by small fish, which was eaten by bigger fish, going up the foodchain = biomagnified  
· 1988 – more than 30 years to find the people responsible 
· Mercury is naturally found in the environment
· Tuna has the highest mercury content because it’s the largest
· Health Canada puts limit on eating big fish because they eat smaller fish which is accumulating mercury
· Less than 150g per week & 150g per month pregnant women
· Can tuna is ok
· Fish – good fatty acids
· Health Canada recommend eating certain types of fish of at least 2 servings (150g) a week
· Use of mercury decreasing dramatically
· Karen Wetterhahn – chemist died from metal poisoning
· Doubled gloved – mercury got thru the gloves and killed her

Toxic Sites
· We don’t know how many sites there are
· Canada 10,000 sites?
· US 100,000 sites?
· Ideally, toxic sites should be incinerated at 5000 celcius – but it is expensive
· Tire dumps
· Tire dump fires
· May affect the water

Water Contamination
· Shale gas production
· Contaminates the water 
· Gas can pollute the water table 

Organochlorines (PCBs, dioxins, furans, mirex…)
· All react with carbon
· PCBs’
· Poly chlorinated byphenyls
· 209 different PCBs
· 1988 Saint Basile Le Grande
· PCB dump caught on fire
· No one wanted it
· Eventually burned in Saint-Ambroise
· Smoking with the most PCBs
· Claims that low PCB can prevent cancer
· Dioxins and furans
· 210 different dioxins and furans
· Most toxic
· 1983 Time Beach
· Dioxins – by-product in the making of other compounds
· Oil contaminated with dioxins 
· Gave it to Bliss who sprayed it on the road
· Paper bleaching 
· Burning of municipal waste – only time where dioxins is used now
· Dioxins in present in fish
· In farmed salmons – used ground fish meal to feed them 
· “the most toxic man-made chemical” – but not as toxic as other natural gases
· Level of toxicity
· Very toxic to guinea pigs
· Don’t know for human
· Dangers not clear
· Seveso, Italy 
· A plant was exploded and released into the environment 
· Chloracne
· Nervous system – went away
· Liver damage – went away
· Cancer?
· Birth defects?
· Gender imbalance 
· Viktor Yuschenko – chloracne from dioxin in food
· Agent orange
· Used extensively in Vietnam
· Mixture of 2 herbicides (2,4,5-T & 2,4-D)
· Impact on birth defects 
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Air
· Smell  
· Atmosphere %
· 78% nitrogen
· 20% oxygen
· 0.9% argon
· 0.03% carbon dioxide
· 0.001% neon
· 0.0005% helium
· 0.0001% methane
· Human = 3L of air
· World record for holding one’s breath is 10 minutes AKA static apnea
· Air = 130,000,000 billion molecule
· Particulates
· Air pollution
· Sea salt spray 44%
· Nitrates 18%
· Terpenes 9%
· E.g. Sierra Negra – volcona that erupted = particulate in the air
· Can cause allergies
· A lot of particulate from north America from Africa (sahara desert) because of the wind
· 3/1 natural and human responsibility of particulates

Air Pollution
· Latex condom affected by ozone only if worn 72 hours
· Indoor air pollution
· More than industrial
· 3 billion people cook and heat indoor using biomass fuel
· 2 million deaths
· 50% pneumonia deaths for children under 5
· Dung 
· Fuel for cooking in india 
· Rocket stove
· Better method of cooking than open air cooking (with coal)
· Simple to build
· Much better for environment 
· Solar energy for cooking
· Using mirrors to reflect the heat from the sun to the pot
· Smoking (tobacco)
· 400,00 deaths in north America
· Canada 20%
· Quebec 25% 
· B.C. 16%
· 4,800 chemicals
· 400 toxic
· 50 carcinogenic 
· Nicotine 
· Lethal dose 60 mg
· Cigar has 120 mg – deadly if eaten 
· Short-term effects
· Addictive dose 2mg 
· Long-term effects
· Number 1 cause of death associated with smoking is heart disease
· Heart must work harder for oxygen
· Alton Ochsner 1919
· 1st person to notice relationship lung disease and smoking
· Then 400 cases a year of lung cancer in north america
· Now 150,000
· Most common form of cancer in men is prostate cancer
· Number 1 cause of cancer death in men is lung cancer
· Most common form of cancer in women is breast cancer
· Number 1 cause of cancer death in women is lung cancer
· 1987 - #1 death lung cancer women
· Heart disease 
· Women smoke to lose weight
· Quebec 1999 – ban on smoking in public places
· Quebec 2006 – ban on smoking in bars and restaurants

Industrial Pollution
· London smog
· Smog = smoke and fog
· Requires damp (humidity) cold air
· Produces sulfur dioxide, sulfuric acid (H2S04), soot
· Smoke = sign of wealth in the past
· Particulates in the air 
· Burning of coal
· Smoke
· Smaller the particulates AKA sarcoidosis = deadlier than bigger particulates
· World Trade Center = collapsed – a lot of particulates went into the air
· London 1952 – smog 8,000 deaths
· London smog dealt by dispersing the smoke
· Tallest smokestack in the world is found in Canada’s Sudbury
· Scrubbers – trap the particulates 
· Small size particulates more danger than large size
· Particulates from wood burning
· PM 2.5 emissions
· Los Angeles smog
· Caused by industry and burning of coal
· Mostly by car
· 600 million cars in 2000 
· Today 1 billion cars
· Bric countries – emerging countries = brazil, Russia, india, china
· Pigs countries – financial trouble countries = Portugal, intaly, Greece, spain
· US = #1 car production in 2005
· China = #1 car producer today
· #1 car producer in the world is GM
· US 765 cars/1000 people
· India – built $2,500 car became primitive
· Safest form of travel is air
· Cars 3.1 death/billion kilometers
· Safest form of travel in terms of number of trips is bus
· Los Angeles smog
· A lot of people with cars
· 12 million people
· 5.6 million cars
· 2 million trucks
· Does not involve smog
· Mostly caused by car
· Dry sunny air
· More chemicals than London smog
· Temperature inversion – as you go up the air, it gets cooler, but in LA the air is trapped at the bottom
· Primary pollutants
· Lead no longer an issue
· Nitrogen oxide = acid rain
· Secondary pollutant
· Pollutant – wrong place at wrong concentration
· Ozone 
· In atmosphere = ozone protects us from UV rays
· At ground level = it is a pollutant
· Affects leaves 
· Affects lungs
· 1978 clean air act
· To bring levels of pollutant down from the cars
· 90% decrease in C), hydrocarbons, NOx
· Catalytic converter
· 90% decrease because of it
· All cars must have it
· Have to oxidize hydrocarbon and CO
· Have to reduce NOx
· Lead remove from gasoline
· Oxyfuels
· In winter, need more oxygen in gasoline 
· Add methanol and ethanol for extra oxygen
