Environmental Chemistry Notes:

Topic 1: A Hair Raising Dilemma (page 178)

Digestion breaks food down into nutrients which your body can use.  Nutrients are carried in your blood for use in different bodily tissues.


Nutrient:

· Carbohydrates (sugars): used for fast energy.  Your brain uses carbohydrates as the main source of energy.

· Proteins: muscle building nutrients that are also used in making enzymes which control your body chemistry.

· Lipids:  (fat) your body uses lipids in cell membranes and in long term energy storage.

· Vitamins: chemicals needed in your body that aren’t carbohydrates, proteins or lipids.  Vitamins are organic compounds that your body can’t create.

** you must be able to identify what provides the different nutrients.  Ie. Rice is a good source of carbohydrates, but a poor source of vitamins, lipids or protein.

Inorganic substances (minerals) aren’t broken down by digestion or heating (cooking).    Some minerals are required by your body. 


Macromineral: your body needs more than 100mg/day



Trace element: your body needs less than 100mg/day

Minerals are needed in many enzymes (which control body chemistry).


** a list of Elements (minerals) and what they do in your body are on page 180.  Take special note of any common minerals in food, and minerals you would find on a multivitamin that you’d buy at the store.

A balanced Approach

Refer to notes on the Canada Food guide and know that a balanced diet allows your body to function properly.  Eliminating foods from your diet, like in the Atkins diet (very low carbohydrates) can cause an imbalance in your body chemistry making you sick, or weak.

The Root source
· Plants are able to concentrate the minerals from the soil, so that minerals that are available to the plant and to consumers of the plant.  The large surface area of the roots makes it possible to absorb minerals (in some cases up to 10 000 times more concentrated in the plant than in the soil).

Fertilizers
All fertilizers sold in stores have a three number system to indicate the amount of Nitrogen, Phosphate and Potassium in the fertilizer (5-12-20, would have 5%Nitrogen, 12% Phosphate and 20% Potassium).


Nitrogen (for leaves)


Phosphate (for roots and stems)


Potassium (for flowers and fruit)

· Nitrogen makes up 78% of our atmosphere, but plants can’t use this molecule directly, instead nitrogen has to be changed into nitrates for plants to use (this is the form of nitrogen in fertilizers).  Some bacteria can make atmospheric nitrogen into nitrates, that plants can use.

Issues from High Productivity
· Manufactured fertilizers require more energy to make natural sources of fertilizers.  

· High yield crops can increase the chances of pests destroying crops.

· To protect the high yield crops, many pesticides are added to the environment, which can have negative effects on the ecosystem.

Topic 2: A growing Concern.

There are 3 major kinds of pests that attack crops:

1. Insects: eat crops and are often controlled by insecticides

2. Fungi: infect crops and kill the crops, or decrease their productivity.  They are often treated by fungicides.

3. Weeds: compete for resources with crops.  Often treated by herbicides.

Artificial controls, like pesticides kill the pests.  Some controls, like mosquito repellent doesn’t kill the insect by keeps the pests away.

Natural Controls:

Biological controls: some insects kill other insects (ie. Dragonflies kill many undesirable pests.

Crop rotation: by planting different crops in the same field from year to year, you reduce the food sources for some pests (if you grow corn in an old potato field, potato beetles don’t have potatoes to eat.)

DDT: is an insecticide that was used to control mosquitoes to prevent the spread of malaria.  DDT was commonly used to kill many insects, but the poison built up in the food chain, collecting in consumer populations (like birds) causing birth defects in Eagles and death of many species of organisms.  This is because the DDT is stored in fat and bioaccumulated in consumers, where DDT was sprayed.

Pesticide Resistance:  When you spray pests with pesticides, many pests will die, but some may live.  Pests that survive the pesticide may have an ability to resist the chemical, and this ability will be passed onto its children.  Over time, resistance to the chemical increases and it requires more concentrated levels of pesticides to kill the pest.  This results in the need for more pesticides to be created.

Safer pesticides are being developed.  These pesticides are made so that they break down quickly in the ecosystem, but when possible it is best to use natural controls for pests.

Topic 3: How do you spell relief
Acids: are chemicals that are sour, soluble in water and react similarly.

Bases: are chemicals that are bitter, soluble in water and react similarly.

Neutral:  This is a non-acidic or basic substance.  Water is neutral (it has a reading of 7 on the pH scale).

Indicator:  This is a substance that changes colour when in the presence of acids or bases (like litmus paper or red cabbage juice).

Acidity is measured using the pH scale.  A low number on the scale is very acidic and a high number on the scale is very basic.  The scale is counted from 1 to 14.




Litmus Paper:  a special paper that turns Red in Acid and Blue in Base.  Litmus is an indicator.  

Universal Indicator: a special paper that changes to different colours depending on how acidic or basic a substance is.  This paper lets us tell what the pH of a substance is by comparing the colors to a chart.

Neutralization: the process of mixing acids and bases together.  Neutralization is a form of chemical reaction.  Neutralization reactions produce water and a salt. This is an exothermic reaction (gives off heat).

Antacids:  Antacids are weak bases that helps to neutralize the strong acids in the stomach.

Acid Precipitation:

· Is created by burning fossil fuels

· Industrial plants create a lot of sulfur oxides (SO2, SO3), these molecules can react with water to make sulfurous acid and sulfuric acid respectively.

· Automobiles create Nitrogen dioxide, with can react with water to make nitric acid.

· Carbon dioxide can also react with water to make carbonic acid.

All of these acid sources contribute to acid precipitation.

Acid precipitation changes the chemistry of ecosystems, causing plants and animals to die, so international agreements to Sulfur oxides and nitrogen oxides have been signed, to reduce acid precipitation.

Acid precipitation can also increase corrosion (rust) and react with limestone, which is often used in statues and buildings.

Liming: 
Calcium carbonate (lime) can be added to acidic lakes and ponds to neutralize the acids.


Natural sources of calcium carbonate (a mineral in many rocks) will naturally neutralize some acid rain.

Controlling Emissions
· Catalytic converters on automobiles make the burning of fuels more efficient, creating less carbon monoxide and nitrogen oxide.  This is done by reacting the air and fuel in a honeycomb shaped structure that increases surface area for reactions.

Scrubbers
· Scrubbers are put on smoke stacks of industrial plants to absorb carbon dioxide and sulfur oxide in a sorbent material.  The gases are then reacted with lime to neutralize the acid products of burning fossil fuels.

Topic 4: How much is too much
Pollution is created when pollutants are added to the environment.  Pollutants are any material that is harmful to living things.

The concentration of pollutants can determine the danger of the toxin in an environment.


Toxins are measured in PPM or parts per million.

Parts per million:  is a measurement of the amount of a particle dissolved in a liquid.  This is a concentration, but the concentration is very small.

PPM = #mg solute

 #kg solvent

To calculate the PPM, you find the mg of solute and divide it by the kg of solvent.  Do the following calculations to determine the parts per million in each situation.

Danger is in the Dose:

Toxicity is the ability of a chemical to harm an organism.


Acute toxins harm an organism after one exposure.


Chronic toxins harm an organism after many exposures, and the chemical accumulates in the organism.

Lethal Dose 50:

LD50 is the dose of a chemical (in PPM) it requires to kill 50% of a population of organisms.


The lower the LD50 number is, the more toxic a substance is, because it requires less chemical to kill 50% of a population.

Acceptable Risks


It is difficult to determine how dangerous a toxin is for humans since we can’t run tests on humans to determine how lethal a chemical is.  Most information on toxin levels for humans is inferred from situational exposure to toxins.

Evaluation or Risk

Some risks are worth taking with toxins, provided the positive outcome outweighs the negative.  Amounts of toxins must be considered when determining the risk of toxicity.

Topic 5: Getting Away from it all
Wastes:

· Persistent: wastes that accumulate in the environment and don’t break down quickly.

· Non-persistent: wastes that break down quickly in the environment (biodegradable).

Wastes get into the water system by dissolving into rainfall and groundwater.


Phosphate and Nitrate waste:

· Phosphates and nitrates can increase plant growth (main components of fertilizer).

· Normal water concentrations of nitrates in water are 0.1-0.3ppm. 

· Increased nitrate and phosphate concentrations in waste water can cause algae to grow quickly (algal bloom).   The algae dies quickly and then decomposers use up water’s dissolved oxygen to break down the dead algae.(this can cause death of oxygen dependent animals in water systems)

· Excess nitrates and phosphates come from agricultural runoff and sewage.

Dissolved Oxygen in water:

· Animals and insects in water require dissolved oxygen to live.  

· Cold water absorbs oxygen faster.

· Fast moving water absorbs oxygen faster (because air gets mixed into the water).

· Algal bloom will decrease oxygen content in water due to algae decomposition.

Biological Indicators of Water Quality
· Some organisms only survive in clean oxygenated water.  These organisms will be absent in polluted, low oxygen water.  These organisms are called biological indicators.  

· Macroinvertabrates (not microscopic, but don’t have spines—usually insects) are the most useful bioindicators.  To answer most questions regarding bioindicator species it is useful to memorize the list of indicators of poor water quality.

	Good quality water

(8-10ppm oxygen)
	Moderate Quality water

(4-8 ppm oxygen)
	Poor Quality 

(0-4ppm Oxygen)

	Stonefly nymph
	Dragonfly nymph
	Midge larvae

	Mayfly nymph
	Damselfly nymph
	Blackfly larvae

	Caddisfly larvae
	Cranefly larvae
	Pouch snail

	Water penny beetle
	Clams and mussels
	Leech

	Riffle beetle
	Sowbug
	Aquatic worm

	Gilled snail
	crayfish
	Planorbid snail


Point source vs Non-Points Sources

Point sources of pollution are single sources that are easy to monitor.

Non-point sources are larger areas like feedlots, golf courses and construction sites.

Topic 6: NIMBY
Not in my backyard

Blowing in the wind
· The air is a solvent that moves by convection currents and wind.  The pollutants that dissolve in the air can be carried long distances.

· Pollutants tend to accumulate around the Northern Latitudes (near the arctic) (note: in the Northern Hemisphere human sources of pollution are greater than natural sources like volcanic eruptions).

Stratospheric CFCs:

· CFCs or chlorofluorocarbons are man made pollutants that break down ozone in the ozone layer.  (the ozone layer protects us from harmful ultraviolet light--- cancer causing radiation).

· CFCs are very stable and don’t break down for a long time, so they can drift up into the ozone layer.

· One CFC molecule can break down in the ozone layer to make chloride ions which catalytically break down thousands of ozone molecules.

· CFCs were found in aerosol spray cans and in stryofoam.

· Laws stop the use of CFCs on a large scale today.

Controlling Water Pollution in Surface Water
· We must control wastes going into the water systems by treating waste water.  Sewage must be treated to limit the organic wastes, clean out phosphates and destroy bacteria and viruses.

Sewage treatment


Primary treatment: remove solid through settling and filtration.

Secondary treatment: organic waste is broken down by microorganisms that are given oxygen.  Sludge is settled out. Killing microorganisms with chlorine


Tertiary treatment: phosphates and nitrates are removed from water.

Controlling Water Pollution in Ground Water

· 26% of water Canadians drink is ground water, which has filtered down through rock and soil to fill the aquifer (fills the space between soil particles above the bedrock).  Water flows through the aquifer slowly.

· Aquifers are usually free of bacterial contamination, but dissolved chemicals can contaminate this water. (including pesticides, solvents and heavy metals).

· This is why we build sanitary landfills.

Biodegradablility and the Environment

· Biodegradable: can be broken down by the environment (organic compounds)

· Landfill slows down biodegradation because there isn’t enough air  or water for decomposers (the landfill is compressed, and often kept dry to make it so it doesn’t stink).

· Some byproducts of decay are biodegradable, but also toxic.

Hazardous Wastes
· Any wastes that contain materials that are known to be toxic, poisonous, corrosive, flammable or explosive are hazardous.

· This is indicated by WHMIS symbols.  Danger signs (dangerous- stop sign), Warning signs (moderately toxic-diamond shaped) and Caution (slightly toxic- yield sign) indicates how hazardous a material is.

· Solvents are substances that are used to dissolve other substances. (Gas, oil, and other hydrocarbons are “organic solvents” and are quite hazardous, since they are poisonous if inhaled or swallowed).

4 Rs
· Reduce, reuse, recycle, recover --- see page 247 for more information

Landfills (for more info see page 249 of text or Handout from the field trip)
· Sanitary landfills are covered each day.

· Landfills should have a clay liner, and sometimes have thick plastic liners.

· Leachate: garbage juice should be monitored so it doesn’t get into groundwater.

Secure Landfills:
· Hazardous wastes are managed with secure landfills that have the clay liner, as well as plastic liners, and sand layers to protect the liner from punctures.

· Secure landfills have leachate removed by pipes, then leachate is treated.

· Toxic waste is stored in drums to contain the hazardous chemicals.

· Leakage is monitored to ensure the safety of the environment.

Bioremediation
· Plants can collect toxins.

· When living organisms collect, store and sometimes treat hazardous wastes, it is called bioremediation.

· Bioreactors are container tanks that use bacteria that can live in low oxygen levels and acidic environments to treat some toxic wastes.
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