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Background 

In 1968, in an influential essay, ecologist Garrett Hardin expanded on an idea termed the "tragedy of the 

commons."  His example was a village commons, an area that residents could freely use for grazing their cattle 

to support their families.  No problems exist as long as the number of animals remains small relative to the size 

of the commons area.  However, as each family sees the opportunity to increase its herd as much as possible, 

the cattle population exceeds the commons' ability to produce grass.  Eventually, everyone suffers as animals 

die of starvation. 
 

Now consider Earth as one large commons, complete with air, water, and other resources.  This "pasture" has 

very real limits, with different nations extracting what each needs without considering other countries.  An 

example is the over-harvesting of marine animals.  Like the village commons, no one owns the oceans; 

therefore, many nations take free rein to exploit the resources available.  As with the tragedy of the grazing 

cattle, the earth's oceans may at some point be fished beyond their capacity to replenish fish populations.  

In 1970, the U.S. Congress passed the Clean Air Act.  The Environmental Protection Agency (EPA) was 

directed to establish national ambient air quality standards (NAAQS) for several outdoor pollutants.  The EPA 

also set national emission standards for nearly 200 hazardous air pollutants that can cause serious ecological and 

health effects.  The Clean Air Act has since been revised, giving the EPA a greater authority to enforce air 

pollution regulations.  
 

Pollutants in the air occur both from natural sources and from burning fossil fuels in motor vehicles and 

industrial facilities.  A chemical in the air is pollution when its concentration is high enough to harm ecosystems 

or organisms or to change climate patterns.  Natural pollutants arise from forest fires and volcanic eruptions and 

may be emitted by certain plants.  Most human-induced air pollutants are generated in urban and industrialized 

areas.  
 

Nitrogen oxide forms during combustion in automobile engines and coal-burning facilities, as well as from 

lightning and from nitrogen-fixing bacteria in soil.  A reddish-brown gas, nitrogen dioxide (NO2), forms when 

NO reacts with oxygen in the air.  This NO2 can react with water vapor in the air to create nitric acid (HNO3), a 

major component of acid deposition.  This can damage trees, soils, and aquatic life.  Nitrogen oxides can slow 

plant growth and lead to smog formation over highly populated cities such as Los Angeles.  People who live in 

polluted areas may have irritations in the nose, throat, eyes, and lungs, especially people already afflicted with 

asthma or bronchitis.  
 

Carbon monoxide (CO) is a colorless and odorless gas that forms during incomplete combustion of carbon-

based materials.  This highly toxic gas is a major component of motor vehicle exhaust and tobacco smoke, as 

well as open fires and wood-burning stoves.  CO is dangerous to human health because it impedes the oxygen-

carrying ability of hemoglobin in our blood.  Overexposure to CO leads to headaches, drowsiness, nausea, and 

death.  
 

Carbon dioxide (CO2) is also a colorless and odorless gas.  While the majority (93%) of CO2 in the troposphere 

comes naturally from the carbon cycle, the remaining 7% is due to human activities.  Excessive amounts of this 

greenhouse gas can warm the troposphere and possibly contribute to global climate change.  The Clean Air Act 

does not regulate CO2 emission.  
 

Sulfur dioxide (SO2) is another colorless gas, but with an annoying odor.  Two-thirds of the SO2 in the 

troposphere arises from human activities, such as burning coal in electric power plants or refining oil.  Sulfur 

dioxide in the air can be converted to droplets of sulfuric acid (H2SO4) that fall as acid deposition.  Sulfur 

dioxide aggravates breathing problems, and acid droplets damage trees, crops, buildings, and statues.  
 

Ozone (O3) is found in the upper atmosphere as well as at ground level.  The upper atmosphere ozone helps 

filter out harmful UV radiation, but, at ground level, ozone is toxic.  It forms when nitrogen oxides (NOX), 

volatile organic compounds (VOCs), and sunlight are present.  Some NOX and VOCs are emitted in exhaust 
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from power plants, factories, and automobiles.  Ozone is a major component of smog.  It causes breathing 

problems, impairs immunity to respiratory illness, and aggravates the eyes.  
 

Also known as particulate matter, particle pollution consists of fine dust, soot, or droplets produced from 

chemical reactions.  These tiny particles are a public health concern since they irritate lung tissue and aggravate 

respiratory illnesses.  
 

Since 1970, the Clean Air Act has led to major improvements in human health and the environment just by 

reducing air pollution.  For instance, production of ozone depleting products has ceased and new cars are 90% 

cleaner than they were in 1970.  In 1972, the U.S. federal government began maintaining water quality with the 

passage of the Federal Water Pollution Control Act Better known as the "Clean Water Act" (CWA), it provides 

funding for local and state programs for the protection of surface waters.  Its objective is to maintain the" 

chemical, physical, and biological integrity of the nation's waters."  There are two major categories of pollution: 

point source and nonpoint source.  
 

Point sources are specific places from which pollutants are discharged, e.g., a factory or a malfunctioning 

sewage treatment plant Factories such as pulp and paper mills, refineries, and automobile manufacturers 

typically release pollutants in their discharge water (also known as effluent).  It was once common that these 

effluents were released directly into a nearby body of water.  At present, many factories treat their industrial 

wastewater on site before it is released, while others send their effluent to a sewage plant to be treated.  The role 

of the Clean Water Act has been to regulate and maintain strict control of the discharges.  Each point source is 

required to have a permit as well as the latest technology for treatment of its effluent  
 

Nonpoint source pollution is difficult to control because it comes from a wide range of sources.  It is caused by 

runoff from rainfall or snowmelt moving over the ground.  As the water moves, it picks up natural and human 

debris and pollutants and deposits them directly into lakes, rivers, and wetlands or into the groundwater as it 

percolates through soil.  These pollutants may include:  
 

• sediment from construction sites  

• excessive fertilizers and pesticides  

• oil and grease from urban runoff 

• bacteria from livestock or pet wastes  
 

Understanding the areas and situations likely to contribute to nonpoint source pollution helps scientists and 

engineers develop ways to prevent it before it occurs.  For example, sediment fences are used at constructions 

sites to catch debris and soil particles and to slow runoff.  Retention ponds are also created to capture storm 

water and contaminants and to control the rate of runoff.  Runoff is reduced through the use of porous paving 

materials on roadways and parking lots, where water is allowed to seep into the ground.  Such techniques may 

be mandated through a variety of state and local regulations and codes, some of which were developed to meet 

the requirements of federal legislation and others of which may go beyond those requirements.  
 

In an effort to preserve biodiversity in the United States, Congress passed the U.S. Endangered Species Act in 

1973.  This piece of legislation provides designations for species as "threatened" or "endangered" and gives 

government some jurisdiction regarding any species listed as endangered.  An endangered species is one that 

exists in such a small number that it is at immediate risk of becoming extinct.  Some examples of endangered 

species include the giant panda, the Whooping Crane, and the Galapagos tortoise.  A threatened species is in 

jeopardy of becoming extinct if an important factor changes within its environment.  The Northern Spotted Owl 

is listed as threatened because its primary habitat is Pacific old-growth forests which are themselves often lost 

to clear-cutting.  In addition, the Barred Owl appears to be moving into the Northern Spotted Owl's range and 

competing with it.  An increase in either clear-cutting or in the expansion of the Barred Owl's range might 

endanger the spotted owls.  
 

The Endangered Species Act prohibits the sale, trapping, or possession of any endangered species and provides 

the authority to restrict uses of private land in order to conserve listed species.  The existence of endangered 

species often figures heavily in decisions regarding habitat protection.  
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Figure 1 

Objective(s) 

 to investigate the dangers of air pollution 

 to examine the importance of the Clean Air Act and Clean Water Act and see the environmental impact 

of air and water pollution 

 to determine the toxicity of a chemical on an aquatic organism 
 

Materials – Smog Simulation

 2 L bottle 

 permanent marker 

 scalpel (or razor blade) 

 small plastic tray 

 large stopper w/tube 

 small stopper w/tube 

 ≈50 cm flexible tubing 

 test tube 

 250 mL beaker 

 small potted plant 

 petri dish 

 10 mL graduated 

cylinder 

 copper shot 

 5 mL 6 M nitric acid 

 

Pre-Lab Questions – Smog Simulation 
Answer the following questions below on a separate sheet of paper.  You must either write out the questions, or 

include the questions in your responses.  Be sure to use complete sentences. 
 

 There are no Pre-Lab Questions for this activity. 
 

Safety – Smog Simulation 
  

 

 

 

 

 
 

 Nitric Acid is very corrosive and must be handled with extreme care! 
 

Procedure – Smog Simulation 

During the summer, a toxic gas called smog forms in some cities.  A mixture of water vapor, ozone, and 

nitrogen dioxide, smog is a brownish haze that can thicken over days and blanket a city.  This gas can cause 

health problems in humans.  Your group will set up a smog chamber to create nitrogen dioxide, and you will 

observe the effects of this gas on a small plant.  
 

1. Use a permanent marker to draw a line evenly all the way around the base of a 2 L bottle.  Carefully use 

the scalpel to cut the bottom off of the bottle, using the line as a guide.  Be sure to make the cut as even 

as possible. 

2. Use the graduated cylinder to carefully measure 5 mL of 6 M nitric acid.  

3. Connect the two tubes in the stoppers using the flexible tubing.  

The tubing should be connected to the tops of the two stoppers. 

4. Place the petri dish in the middle of the deli tray.  Get some water 

in the beaker and pour it into the deli tray to a level half the height 

of the petri dish.  

5. Place the potted plant on the petri dish so that the pot is above the 

water.  Position the soda bottle over the plant.  The water in the 

deli tray should make a seal around the bottom of the 2 L bottle.  

Make notes about the condition of the plant.  

6. Insert the larger stopper into the top of the bottle.  Make sure it has 

a good seal.  

7. Empty the beaker and stand the test tube in it upright.  Carefully 

pour the nitric acid into the test tube containing the copper and 

quickly cap the tube with the smaller stopper.  (see Figure 1) 

8. Observe the reaction of the acid and the copper.  After about 10 

minutes, remove the flexible tube from the test tube stopper. 
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(Nitrogen dioxide is heavier than air and will not move back up the tube.) 

9. Remove the test tube from the apparatus and bring it to the bucket designated by your instructor.  

Remove the stopper and submerge the test tube in the water.  

10. Leave the chamber set up with the plant for at least 24 hours and observe the change to the plant.  
 

Clean Up – Smog Simulation 

 rinse (no need to dry): graduated cylinder 

 everything else returned to its original location 
 

Results & Analysis – Smog Simulation 
Answer the following questions on your lab paper.  For actual questions, you must either write out the questions, or 

include the questions in your responses.  Be sure to use complete sentences and show your work for math problems. 
 

1. What did you observe when the nitric acid started to react with the copper? 

2. What happened to the plant after it was exposed to the gas? 

3. What are some of the similarities and differences between your pollution chamber and a real smog event 

in a city? 

4. How could local, state, and federal policymakers decrease the risk of smog to the health of humans and 

the environment? 

 

 

Materials – LD50 of Copper Sulfate on Brine Shrimp

 “X” petri dishes (x3) 

 transfer pipette 

 saltwater 

 various copper sulfate 

concentrations 

 10 mL graduated 

cylinder 

 aquarium net 

 masking tape 

 sharpie 

 

Pre-Lab Questions – LD50 of Copper Sulfate on Brine Shrimp 
Answer the following questions below on a separate sheet of paper.  You must either write out the questions, or 

include the questions in your responses.  Be sure to use complete sentences. 
 

 There are no Pre-Lab Questions for this activity. 
 

Safety – LD50 of Copper Sulfate on Brine Shrimp 
  

 

 

 

 

 
 

 

Procedure – LD50 of Copper Sulfate on Brine Shrimp 

An LD50 experiment, which determines the lethal dose that kills 50% of a test population of organisms, is used 

to test the toxicity of certain chemicals.  This test provides useful data to establish regulations on how much of a 

certain chemical can be discarded into the environment before it becomes lethal.  The Environmental Protection 

Agency (EPA) requires an LD50 on pesticide labels, and provisions of the Clean Water Act set limits on 

discharges of a large number of chemicals.  You will perform an LD50 test using brine shrimp and copper 

sulfate, a common ingredient in herbicides.  
 

1. Each of the three "X" plate petri dishes will be used to test one concentration of a pollutant, copper 

sulfate. 

2. On the sticky side of three small pieces of masking tape, create three labels: “Plate A,” “Plate B,” and 

“Plate C.”  Place them in the center of the bottom of the dish, so they can be viewed from the top. 
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3. Using a small graduated cylinder, pour 10 mL of saltwater into the “1” chamber of each of your three 

petri dishes.  This chamber will be the control. 

Be sure to rinse the graduated cylinder thoroughly in between solutions! 

4. Add 10 mL of one concentration of copper sulfate solution to the other three chambers of a dish.  Then, 

add 10 mL of a different concentration of copper sulfate to the other three chambers of the second dish, 

and likewise for the third dish.  At the end of this process, each dish should have three compartments (2, 

3, 4) containing the same concentration of copper sulfate and one control compartment containing only 

saltwater.  (see Figure 2) 

 

 

 

 

 

 

 

 

 

 

 

5. Add 10 brine shrimp to each compartment.  To do this, use a small aquarium net as a filter and a clean 

pipet to capture the shrimp from the culture.  Once the shrimp are in the pipette, hold the net over the 

culture and slowly squeeze the pipet into the net until 10 brine shrimp have come out and become 

concentrated in one spot.  Carefully invert the net and dip this spot into a petri dish compartment.  

Repeat this process until each compartment contains 10 brine shrimp.  

6. Cover the dishes with their lids and put them in a place where they can remain for 24 hours.  Record the 

concentrations and the results after 24 hours.  
 

Clean Up – LD50 of Copper Sulfate on Brine Shrimp   

 rinse (no need to dry): “X” petri dish, transfer pipette, graduated cylinder 

 trash: masking tape 

 everything else returned to its original location 
 

Results & Analysis – LD50 of Copper Sulfate on Brine Shrimp 
Answer the following questions on your lab paper.  For actual questions, you must either write out the questions, or 

include the questions in your responses.  Be sure to use complete sentences and show your work for math problems. 
 

1. Collect the results from the class and create an appropriate graph that shows the concentration on the x-

axis and the mortality (number dead) on the y-axis.  Plot the average number alive for each 

concentration. 

2. What is the LD50 value for copper sulfate on brine shrimp? 
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