GRADE 9 SCIENCE

ENVIRONMENTAL CHEMISTRY
FINAL EXAM PREPARATION
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Name: ____________________________  Homeroom: ______

STUDY GUIDE

SUBSTANCES IN OUR ENVIRONMENT    (Textbook pages 183-208, 243-248)
Inorganic and Organic Substances

· Macronutrients are used in large amounts in living things in order to maintain their health. You are told to drink milk so your bones have plenty of calcium, for example.

· Micronutrients are required in much smaller amounts but are still important –iron for example.

· Organic molecules contain carbon, hydrogen and oxygen (C-H-O) along with other elements.

· Inorganic molecules are usually from minerals. Plants and animals need these in optimal amounts – not too much or too little.
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Fertilizers (also called nitrates) can be used to supply the inorganic materials to plants.  The most common ones contain Nitrogen, Phosphorus and Potassium (sometimes sulfur).  Numbers on the bag tell concentrations in alphabetical order (nitrogen-phosphorus-potassium-sulfur).  Farmers look at the needs of plants and provide fertilizers that will produce the highest yields (desired product from crop).  

	
	Material
	Animals
	Plants

	Inorganic

(Minerals)
	Calcium (C)
	Bones, teeth, muscles, nerves
	Cell walls

	
	Nitrogen (N)
	Growth and repair of cells
	Leaves and stems

	
	Phosphorus (P)
	Bones, teeth, DNA
	Roots and flowers

	
	Potassium (K)
	Muscles and nerves
	Early growth

	
	Sulfur (S)
	Protein, enzymes
	Fruit and grains

	
	Magnesium (Mg)
	Bones and teeth
	Photosynthesis

	
	Iron (Fe)  

(liver is another source – gag)
	Red blood cells, oxygen transport
	Helps produce chlorophyll

	Organic

(C - H – O)
	Carbohydrates (starch-grain, fruit-sugar)
	Energy
	These materials are produced by plants but not used by them.

	
	Lipids (fats-oils)
	Energy storage, skin
	

	
	Proteins (meat, eggs, dairy)
	Growth, repair
	

	
	Nucleic acids
	DNA, RNA - Heredity
	


· The nutrients you need to be familiar with are in this table.  You do not need to memorize the inorganic uses in plants and animals, but you will need to know how to use a table to answer questions. You do need to know what the organic compounds do.

Pollution

· Pollution is any change in the environment that produces a condition that is harmful to living things.  It can include chemicals, temperature, noise, etc.
· Runoff  - fertilizer or pesticide from farms or cities – nitrogen, phosphorus and potassium (nitrates) go into the water system where they disturb the natural chemical balance and may cause overgrowth of algae.  Pesticides, which are used to kill off insects (insecticides) or weeds (herbicides) that are considered harmful to plants, will also kill off good insects from the natural food chain.  Excessive fertilizer or pesticide content would be found downstream of cities and farms.
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As the water moves from the mountains at the head of this watershed, it is polluted by rural septic systems (mainly organic waste which is a nice name for poop), a landfill, storm sewer and effluent from the city, runoff from roads, mud from clear cutting and farmland runoff (organic waste from livestock, fertilizer, herbicides, pesticides)
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Sanitary Landfill - our garbage is called solid waste.  Toxic materials such as battery acid, mercury from computers, paints, and oil are thrown on the landfill and are leached out when it rains.  The rainwater seeps down through the soil or garbage, dissolves the toxin into solution, and carries it into the underground water table, or it runs off directly into streams, rivers or lakes.  Modern landfills are built on clay which is impermeable and lined with plastic to prevent leaching.  However, many older landfills are built on very permeable gravel.
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Sewage  - wastewater that comes from anywhere that has a drain.  It is treated and cleaned before the effluent is returned to the natural water system.  It may still be high in fertilizer content and contain chemicals used to clean it (i.e.  chlorine).
· Storm sewers – wastewater that runs off our city streets.  This can include excess fertilizer and pesticide, automotive fluids such as oil, gasoline, or antifreeze, detergents from washing cars, salt from roads and animal feces (organic waste which acts as fertilizer).  It is returned directly to the natural water system without being cleaned first.

· Fossil fuels (oil, gas, coal) are large, organic molecules (hydrocarbons) that are burned for energy.  Coal being burned to power a generator provides most of our energy in Alberta.
The chemical reaction is  Hydrocarbon + oxygen ( carbon dioxide + energy
These fuels contain sulfur, lead and mercury which are released into the atmosphere.  Some gas processing facilities release H2S (hydrogen sulfide or “sour gas”) which can be deadly if concentrated.
· Once in the environment, pollutant concentration can change in a number of ways:

· Dilution – concentration of pollutants are decreased when mixed with water or air.

· Dispersion – scattering of pollution plume (area of concentrated pollutants) away from the source by wind or water.  The further away from the source, the lower the concentration.  To predict where the plume will go, you must know wind and/or water direction and speed.  When the particles do settle, it is called deposition.
· Phytoremediation – using plants to absorb toxic chemicals.  The plants are then harvested and disposed of.  Sunflowers are good for this.
· Photoremediation – breakdown of harmful compounds using sunlight (also called photolysis).  This process helps degrade oil and also creates new ozone in the atmosphere.
· Bioremediation (or biodegradation) – breakdown of harmful compounds using bacteria or other decomposers.  Bio wastes such as sewage and oil can be broken down.  Some bacteria are aerobic (breath air) while some are anaerobic (do not require oxygen) so they can break pollutants down in almost any environment.   
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                                                                   Pollution plume from an industrial smokestack

[image: image10.png]


                                          

[image: image11.png]Local index

o .

0. . : o

w©

70 ° .

© .

. .

o . .

w© .

20 . * .

1090 4 * ° . *

0 T : T T T
0 s o 0 o

Year




· [image: image12.jpg]Group | - These organisms are generally considered to be intolerant to pollution

e e

Stonefly Nvmph Adterfly Larvae Doosonfly Larvae Snipe Fly Larvae

Group 11 - These organisms are generally considered to be moderately intolerant to pollution

Water Penny

S Ad ATV 4 Adult Riflle
Caddislly Larvae  Maylly Nymph Fhdil i uNu““"‘ lLanae  Dornselfly Nymph
Larvac
<
. ‘ R
Dragonfly Nymph Crane Fly Larvae Crayfish Clams/Mussels

Group 111 - These organisms are generally considered to be fairly tolerant to pollution

m i
Black Fly Larvae \
o 6 %E

Scud Right-Handed Other Snails — Midge Larvae Sawbug

Group IV - These organisms are generally considered to be very tolerant to pollution

)

Aquatic Worms Leech Pouch/Left-1anded Snails - Blood Worm Midge Larvac

Figure 7: Ficld Identification Relerence Sheet
Organisms divided into their respective taxa groups



Biomagnification – some pollutants become more concentrated as they move up through the food chain.  For example, mercury enters water near a landfill.  Algae absorbs the mercury.  Small insects eat the algae.  Fish eat many of the insects so it is more concentrated in their bodies.  People then eat many fish so the concentration is even higher (magnified). 
Uptake of Substances

· Absorption – Plants take in (absorb) inorganic compounds (nitrogen, phosphorus and potassium) and produce organic compounds (carbohydrates – starch and sugars).  Most nutrients are taken in through the roots through diffusion (passive, no energy required, from high to low concentration).  Water is taken in through osmosis (from high concentration outside roots to lower concentration inside roots).  Other nutrients that are used in very large amounts (fertilizer nutrients such as nitrogen, potassium and phosphorus) are taken in through active transport (energy required, from low concentration to high concentration – “uphill”).
· Ingestion – Animals ingest organic compounds produced by plants, as well as proteins from other animals.  The larger organic molecules that are ingested must be broken down.  Mechanical digestion involved breaking the food down into smaller pieces.  Chemical digestion involves breaking the large molecules down with the aid of saliva and gastric juice.  These smaller molecules can then be absorbed by the body.  This chemical breakdown of food is called hydrolysis because it uses water to break down the bonds of larger molecules to make them into smaller molecules.

·  Certain materials that do not break down easily.  For example, DDT (a pesticide) is used to kill bad insects but when birds eat the insects, the poison is transferred to their bodies which can lead to soft eggs.  This almost made Peregrine Falcons go extinct.  Certain heavy metals such as Mercury do not break down and if animals (including people) ingest them, they stay in the body.  Biomagnification concentrates their effect up the food chain.

MONITORING SUBSTANCES IN THE ENVIRONMENT   (Textbook pages 184-232)

· Living things depend on the substrate (surface) that they live on. Some actually get

      their nutrients from the substrate – i.e. all plants, mould on bread, red algae in snow,

      lichen on rocks. Most animals get their food from things living directly off the substrate.                                               

· Nitrogen Cycle – how nitrogen is distributed through the environment 
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Factors the can Effect the Health of an Ecosystem

· Dissolved Oxygen – amount of oxygen dissolved the water. Affected by

·  temperature (higher temperature means less oxygen) and the 

· number of organisms using the oxygen (more organisms means less oxygen available)

· Turbulence – more agitation, more oxygen since shaking it up inserts oxygen

· Photosynthesis – more plants mean more oxygen (algae can be the exception)
· Too much fertilizer (nitrates – phosphorus and nitrogen or organic matter) enters from farm runoff, storm sewers and effluent from sewage treatment.  This causes excessive algae growth. Decomposers (bacteria) multiply because of the increased food source and they use up the oxygen, depleting it for other species that require more oxygen to survive.  These species then die or move out.
· Pesticides (herbicides and insecticides) are a major problem.  Insects become resistant since a few resistant ones will live to reproduce (tolerance). Their population tends to initially go down, but then it begins to grow again.  Good insects (like ladybugs that eat real pests) are killed by pesticides. Several weak pesticides may mix to become extremely toxic.
· Heavy Metals [very dense, including lead (pipes, paint), mercury (thermometers, electronics), copper (pipes, wires), zinc and cadmium (batteries)] concentrate in body.
· Soil Contaminants - salts (from dissolved minerals and fertilizer) can kill aquatic plants as can too much fertilize.

· Turbidity - cloudiness of the water, often increased through deforestation, runoff, erosion, prevents sunlight from penetrating water and can clog breathing structures of aquatic organisms.

· Air Pollution 
	Pollutant
	Major Source
	Harm Done
	Remediation

	Sulfur dioxide

SO2(g)
	Burning fossil fuels (oil, coal, gas)
	Creates acid rain (sulfuric acid) 
	Scrubbers remove about 99% of smokestack sulfur

	Nitrogen oxide

NO(g)
	Vehicle emission 
	Brownish gas in smog. Acid rain
	Drive less

	Carbon monoxide

CO(g)
	Any burning (gas, forest fires, etc.)
	Silent killer – reduces oxygen in blood
	Catalytic converters change CO to CO2

	Ground level ozone

O3(g)
	Cars
	Damages crops, can harm weakened people
	Drive less


· Greenhouse effect – greenhouse gases include water vapour and CO2.  These gases act like glass in a greenhouse, letting radiant energy (heat) in but trapping some of it when it tries to reflect back out.  Normal greenhouse effect is good and it helps our planet stay warm, especially at night.  However, the enhanced greenhouse effect, caused by increasing CO2, is causing rising temperatures, climate changes, draughts, flooding, melting ice caps.  Scientists disagree about  the cause of global warming and the possibility of a permanent climate change. 
· Ozone layer – absorbs UV (ultraviolet) radiation and protects the earth.  Monitoring shows thinning ozone, especially over the poles where ice crystals make the problem worse.  Too much UV causes skin cancer, kills plankton (a major food source in the ocean), causes cataracts.  Thinning ozone is at least partly due to CFC’s (chlorofluorocarbons) from aerosols and refrigerators.  
Water Monitoring

· Fish and aquatic invertebrate (small animals without backbones) can be used to monitor water quality since they are sensitive and sensitive to changes in chemical concentration, especially dissolved oxygen. In general, the more diverse the population, the healthier the ecosystem. Recognize these organisms and be able to use a similar table to answer questions. You do not need to memorize this.
· Surface-breathing invertebrates such as water striders, lunged snails and adult beetles do not depend on dissolved oxygen and therefore are not very useful as bioindicators of water pollution.
· Other biological indicator species (living things that indicate environmental health) include using clams and other burrowing bivalves to indicated heavy metal contamination, Prairie Dogs or other burrowing animals to indicate toxic underground vapours, Eastern Lowland Gorillas for forests, Northern Leopard Frog for Alberta’s wetlands.

This graph shows how water temperature affects dissolved oxygen.  This is why thermal pollution from factories can be such a problem.  If temperatures rise above 10 °C, dissolved oxygen drops below 8 mg/L so very few fish would be able to survive.
	Aquatic organisms 

(invertebrates and fish) that serve as bioindicators
	Tolerance
	Dissolved oxygen (mg/L or ppm)
	Water quality/ Ecosystem health
	Quality

	Stonefly nymph

Doosenfly larva

Fish
	Intolerant


	>8
	Presence in large numbers indicates excellent quality
	Excellent

	
	

	Caddisfly larva, mayfly nymph, dragonfly nymph, crayfish, clams, mussels
	Moderately low
	6-8
	Presence in large numbers indicates good quality
	Good



	                     
	

	Black fly larva, scud, right-handed snails, midge larva, sawbug
	Moderately high 
	4-6
	Presence in large numbers indicates fair water quality
	Fair

	
	

	Aquatic worms, leeches, left-handed snails, blood worms, 
	High 


	2-4
	presence in large numbers indicates poor water quality
	Poor

	

	

	Little or no life
	
	0-2
	Extremely poor quality
	Very poor


· Water is monitored for harmful microscopic organisms such as E. Coli, Giardia (Beaver Fever)  and Fecal Coliform.
Measuring Pollution Concentrations

· Usually measured in ppm (parts per million) or mg/L (milligrams per litre).   
      1 ppm = 1 mg/L 
· ppm means that 1 unit of a substance can be found in 1 million units of water.   

· Some very toxic elements may be measured in ppb (parts per billion) or ppt (parts per trillion).  

ACIDS AND BASES – THE pH SCALE      (Textbook pages 191-193, 220)
· An acid is a compound that dissolves in water and forms a solution with pH <7.  Acids are sour and react with bases.  They contain H+ ions. Include vinegar (acetic acid), lemon juice (citric acid). 
· A base is a compound that dissolves in water and forms a solution with pH >7.  Bases are bitter, slippery and react with acids.  They contain OH- ions. Include household cleaners, hair conditioner, antacids.

· pH scale is a logarithmic scale designed to measure acidity of a solution.  That means that each number is 10 times greater or less than the one next to it.  For example, a pH of 2 is 10 times more acidic than pH 3 and 100 times more acidic than pH 4.
· The scale tells you the relative acidity (how strong the acid) and alkalinity (how strong the base).

· pH Scale

	pH


	Type of Indicator Used
	Colour

	0-6

(Acid)
	Red litmus paper
	Red

	
	Blue litmus paper
	Red

	
	Universal litmus paper
	Orange-red 

	
	Cabbage juice
	Pink

	7

(Neutral)
	Red litmus paper
	No change

	
	Blue litmus paper
	No change

	
	Universal litmus paper
	No change

	
	Cabbage juice
	No change

	8-14

(Base)
	Red litmus paper
	Blue

	
	Blue litmus paper
	Blue

	
	Universal litmus paper
	Green-blue

	
	Cabbage juice
	Blue


· You can measure pH with
      indicators:

· Litmus paper 

· Universal indicator 
· Cabbage juice 

· pH meter

· The graphs below show two common ways of representing pH data graphically.


[image: image1]
CAUTION:  For some reason, people have a preconceived notion that acids have a high pH and bases have a low pH.  In fact, it is just the opposite.  Keep this in mind when answering pH questions.
Neutralization Reaction 
· As acidity or alkalinity (base) increases, diversity decreases. Most living things do best in the neutral (pH 7) to slight acidic range.

· Acid rain is a solution of sulfur dioxide and rain water. Its effect is worse in eastern

      Canada because their rocks are acidic (granites) while ours in Alberta are basic

      (limestones) which help neutralize acidity.

· Acid shock happens in spring when acid snow suddenly melts and enters water.

· Rain is naturally acidic (pH 5.6) because carbon dioxide combines with water to form carbonic acid.  Other compounds, such as sulfur dioxide, form much stronger acid when combined with water so acid rain is anything with a pH of less than 5.6.
· Neutralization reaction 
                                    HCl      NaOH      (      NaCl       H2O

                                    Acid  +  Base     yields     salt   +  water

· Solutions are neutralized when all of the H+ ions in the acid combine with OH- ions in the base to create water (which is neutral).  H+ + OH- = H2O

· If you want to neutralize stomach acid, take an antacid like Tums, Rolaids or milk of magnesia.  These are weak bases that don’t hurt your stomach.

· If you want to neutralize a strong base (make pH = 7), you can add an equal amount of a strong acid or you can add much more of a weak acid.  The latter might be done if you are neutralizing acid from an environmentally sensitive area such as a lake.

· Safe ranges of pH for living things

	pH Range
	pH
	Water Quality
	Relative State of Ecosystem

	High
	8.5 – 14
	Poor
	Unhealthy

	Medium
	6.5 -8.5
	Good
	Healthy

	Low
	1 – 6.5
	Poor
	Unhealthy


 

                                 1                2                3                 4                5
                                                             pH Level in Petri Dish
Typical Water Quality Test Scenario

[image: image2]
	Test Conducted
	Upstream of Town
	Downstream of Town
	Downstream of Factory
	Downstream of Farm

	Dissolved oxygen (mg/L)
	10.0
	6.4
	6.2
	5.5

	Nitrates 

 mg/L
	0.4
	7.2
	7.1
	13.2

	Suspended solids

(turbidity) mg/L
	14.2
	19.3
	21.3
	25.6

	pH Level


	7.6
	7.9
	8.1
	7.6

	Heavy metals

(mg/L)
	0.02
	0.17
	1.13
	0.06


· The dissolved oxygen levels were best upstream of any human site.  As the river flows past the town, nitrates from fertilizers and detergents (phosphates) were added.  That would increase algae growth and decrease oxygen.  It drops further past the factory because it is probably dumping warm waste water into the river.  The farm adds much more nitrates from runoff of fertilizer or animal waste, reducing the oxygen even more.

· The nitrate measurements confirms what dissolved oxygen levels are showing.

Nitrates encourage algae growth and excessive algae growth leads to a great deal of 
decayed material.  Bacteria multiply with food and use up the oxygen in the water.

· Suspended solids increase at each site.  Effluent from the city, waste water from the factory and especially runoff from the farm contribute to the turbidity.

· pH levels increase after the city and factory because of the detergents (which are basic) used for cleaning.

· Heavy metals increase slightly in the city but especially after the factory where they may be producing products using these elements.  This pollution stays close to the source because of its density.

DISTRIBUTION OF POLLUTION IN THE ENVIRONMENT    (Textbook  236-258)
Air Pollution
· Release of chemical at source

· Dispersion of the chemical in the atmosphere  - especially in the direction of prevailing winds.  In Alberta, prevailing winds are from the west so our pollutants go east. Stronger wind = faster dispersion.  Winds can actually carry pollution all around the world.
· Deposition in soil and water, often through acid rain.  The more the precipitation, the closer the deposition to its source.
Groundwater Pollution
· Zone where spaces are filled with water.  Top is called the water table.
· Groundwater can move in all directions but usually heads toward the lowest point (the river, lake or ocean).
· If ground is more porous (more spaces between rock and soil particles) or more permeable (spaces connected allowing flow) pollutants can move more quickly.  
· Gravelly soil is porous and permeable.  Clays are non-porous and impermeable.  That is why clay is used to line landfills.
Surface Water Pollution
· Leachate is a solution of substances dissolved from soil as water moves through it.

· This dissolved material run off through the soil into surface waters such as lakes, rivers and ponds.

· Soils that are high in clay (seal off toxic substances) or organic content (absorbs toxic substances) allow less pollutants to reach surface water.
· Cadmium is in batteries and is extremely toxic.  It dissolves through leaching into groundwater.
Biodegradation of Material

· Biodegradable materials are any organic material that can be broken down by simple microorganisms into smaller, more stable compounds.  Most organic waste such as food, paper, etc. is biodegradable.  Unfortunately, many of our land fills are filled with non-biodegradable material such as metal, diapers, milk cartons, bottles, boxes, newspaper, etc. Things decompose faster when it is warm and moist since bacteria like that.
Lethal Dose

· LD50 – lethal dose 50.  Used to measure concentration of a substance that would kill 50% of organisms exposed to it.  The smaller the number, the more toxic the substance.  For example, LD50 for sugar is 29700 mg/Kg and table salt is 3000 mg/Kg while DDT is only 87 mg/Kg.   That means that 50% of a test population would die if they ingested that concentration.
What NOT to Throw Away

· Some products should not be disposed of in landfill sites or put down drains.  These include cleaning products such as oven cleaners, drain cleaners, wood and metal cleaners and bleach.  Pesticides, insecticides and herbicides should never be disposed of in landfills. Automotive fluids such as motor oil or antifreeze, painting or workshop supplies such as paint, stains, or turpentine should not dumped.  Others include computer parts, thermometers, batteries, or fluorescent light bulbs. Labels on products tell you if they are safe to dispose of or not. Things that should not be thrown on landfills are called hazardous waste.

· Labels on household chemicals include where product can be safely used, direction, precautions, first aid, and how to store.
· Keep acids and bases separate
· Transport dangerous materials in the trunk of the car.
Warning Labels

· WHMIS – workplace hazardous materials information system is set by the federal government to provide information for hazardous materials in the workplace.
· Product labels – Environmentally hazardous products have labeling regulations that they must follow. MSDS (Material Safety Data Sheet) must be provided along with the regular product label for very hazardous material. The MSDS sheet gives detailed information about the product’s composition, physical appearance and chemical characteristics.  It also describes precautions that must be taken when handling, using, transporting and disposing of the products, health effects and first aid treatment.

· Example – Wood Preservative is a dangerous product that contains arsenic.  Its label would include the following information:

	Use Limitations

· Use on exterior surfaces only

· Use only above ground

· Keep away from water systems since product is toxic to fish

Directions for use

· Be sure to have a clean dry surface before you apply this product

· Use a brush to apply.  Do not spray

· Use full strength.  Do not dilute
	Precautions

· Avoid breathing vapours

· Keep away from open flames or sparks

· Avoid skin contact

· Wash with soap and water after using

First Aid

· If swallowed do not induce vomiting.  Call doctor immediately

· If splashed in eyes, flush eyes with water for 15 minutes


Based on this label, you would know not to use it on a dock that will be underwater or on a retaining wall that will be partially buried.

ENVIRONMENTAL CHEMISTRY VOCABULARY REVIEW

1. The term free nitrogen refers to nitrogen that is in elemental form while fixed nitrogen is combined with another element to make a compound that is usable by living things.

2. Nutrients that enter through a plant’s roots from an area of high concentration to low concentration does so through the process of diffusion.

3. Nutrients that plants require in large amounts (nitrogen, phosphorus, potassium) enter the roots from an area of lower concentration outside into higher concentration inside.  This energy-using process is called active transport.

4. Animals must ingest organic compounds in order to survive.  The molecules of these compounds are chemically broken into smaller molecules usable by the body through the process of hydrolysis which uses water.

5. Some living things, such as plants or mold, acquire their nutrients from the substrate on which they live.  

6. Fertilizes are beneficial for agriculture if used to provide nutrients in proper amounts but can become a pollutant if over-used. They are intended to produce maximum yield.

7. Our society creates a great deal of garbage, also known as solid waste.  

8. Toxic materials such as mercury can be removed from solid waste and carried into natural water systems through groundwater unless land fills are lined using clay, plastic and other impermeable materials that water can’t move through.

9. Wastewater from drains in homes and industry becomes sewage which is treated before reintroducing it to the natural water system as effluent.

10. Water from city storm sewers, which contains fertilizer, animal waste, pesticides, automobile fluids and salt, is reintroduced to the natural water system without being treated.

11. Fossil fuel containing hydrogen sulphide, which is deadly, is called sour gas.

12. Fossil fuels, especially coal, are burned in Alberta to create energy.

13. Compounds containing carbon (C), oxygen (O) and hydrogen (H) are called organic compounds.

14. Organic compounds responsible for heredity are called nucleic acids.

15. Organic fats and oils produced by both plants and animals are called lipids.

16. Proteins are organic compounds found in meat and they are responsible for growth and repair of tissue.

17. Our energy comes from organic starch and sugar produced by plants in the form of carbohydrates.

18. Molecules that do not contain carbon are called inorganic molecules or minerals.

19. Sulfur is an inorganic molecule used for fruit production and enzymes.

20. Plants need potassium to produce chlorophyll and for early growth.

21. Magnesium is an important inorganic compound for strong bones and teeth in people and chlorophyll in plants.

22. People who don’t drink enough milk don’t get enough calcium which is an inorganic compound important for strong bones and teeth.

23. Plants that are developing roots or flowers need extra phosphorous in their fertilizer.

24. Farmers wanting to give their leaf crops such as lettuce would add nitrogen to their fertilizer.

25. Small water animals without backbones called aquatic invertebrate are useful indicators of water quality.

26.  Stonefly nymph  and  mayfly larva in large numbers usually indicate good water quality while leeches and midge larva in large number indicate poor water quality.

27. Toxic substances are often measured in parts per million (ppm) which is approximately equal to 1 mg/L.  For example, 1 ppm means that in 1 000 000 parts of a solution, you would find 1 part pollutant.

28. Tests to find out how much of a toxin is lethal is done by determining what amount will kill half of the test subjects and is abbreviated LD50.

29. Although you cannot see it, dissolved oxygen is present in water and necessary for respiration in aquatic animals.

30.  Turbulence agitates the water and increases the level of oxygen.

31.  Precipitation with a pH of less than 5.6 is considered to be acid rain.

32. Pesticides are designed to kill troublesome insects on crops but can get into the food chain and accumulate in larger organisms to dangerous levels.

33.  Mercury is an example of a toxic heavy metal that becomes concentrated at the bottom of rivers and lakes where organisms ingest it.

34.  Burning fossil fuels results in release of sulfur dioxide which creates acid rain but scrubbers on smokestacks are designed to decrease the amount released into the air.

35.  The brown layer of smog that we sometimes see in Calgary is actually nitrogen oxide.

36.  Carbon monoxide is called a silent killer because it is odourless and colourless, but catalytic converters are designed to decrease the amount of this pollutant coming from cars.

37.  Ozone high up in the atmosphere traps ultraviolet rays and is a very good thing, but ground level ozone can harm older or weaker individuals.

38.  Some people think that our earth is heating up due to too much carbon dioxide production from burning fuel.  This abnormal heating is referred to as the greenhouse effect.

39.  Chlorofluorocarbons (CFC’s) from aerosols and refrigerators are causing the ozone to thin, especially over the polar regions.

40.  Pollutants do not just stay near the source that creates them.  They are spread through wind and water in a process referred to as dispersion and eventually, they are deposited in a new location.

41.  Water that fills the pores in the ground is called groundwater and the top of this saturated zone is called the water table.

42.  Water moves more easily through ground that is porous (lots of spaces between particles) and permeable (spaces are connected to water can flow).

43.  As a solution moves through an area, it dissolves parts of soil, rock or waste that it passes.  This solution of dissolved materials is called leachate.

44.  Reducing the concentration of pollution through dilution is one way to make it less dangerous to organisms.

45.  Bacteria are used to clean up oil spills through a process called bioremediation.

46.  Pollutants such as mercury accumulate in the tissues of organisms that eat it, leading to higher and higher concentrations of the toxin as you move up the food chain.  This is called biomagnification.

47.  Both phytoremediation (use of plants to absorb toxins) and photoremediation (using sunlight to degrade toxins) are valuable tools for reducing the concentration of harmful chemicals in the environment.  

48.  A logarithmic scale for measuring the acidity of a substance is called the pH scale.

49.  Sour substances that have a pH < 7 and excess H+ ions  are acids.  Bitter substances that have a pH > 7and excess oH- ions are bases.  Substances with a pH of 7 are neutral.

50.  Antacids such as Tums or Rolaids are bases that help to neutralize stomach acid.

51.  Indicators such as litmus paper and universal indicator are used to determine pH, or at least whether a substance is acid or base as in the case of litmus.

52.  The neutralization process involves an acid and base as reactants and salt and water as products.
53.  Turbidity in water means cloudiness and it makes it less healthy.  It may be cause by algae, erosion, or spring meltwater.
Path of water from storm sewer                                                                                                                                                           
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Biomagnification Effect Up The Food Chain





Lightning helps convert some of the free (elemental) nitrogen gas n the atmosphere into nitrogen compounds used by plants.





Bacteria in plant root nodules convert nitrogen to a form plants can absorb (nitrogen fixation).





Animals can eat the plants as their source of nitrogen.  Animal waste products return some nitrogen to the soil for plants.





Other kinds of bacteria in the soil break nitrogen compounds down into elemental nitrogen through denitrification and the nitrogen returns to the atmosphere to start the cycle over.
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Effect of Water Temperature on Dissolved Oxygen 
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Change in Lake pH Over One Year
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You would be able to hypothesize that this type of mould does not like acidic environments and by extrapolating (extending line beyond graph) you could predict that the closer to neutral (pH 7) the petri dish, the more mould growth you would have.   You could also say that there is a strong relationship between the two variables – as pH increases, so does the amount of mould.  





Percent mould growth in Petri dish
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Pollution plume graph for ground or surface water
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