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[bookmark: _Toc212568386][bookmark: _Toc436744433]Student Questions 
(from the articles)

Safety Data Sheets: Information That Could Save Your Life

1. What was the high school teacher intending to demonstrate with the colored flames that produced the rainbow effect?
2. A safer method for conducting flame tests that does not use methanol is suggested in the article. Describe the method that is suggested.
3. What happened when the teacher added more methanol to the Petri dish? Be specific.
4. What is the purpose of the Occupational Safety and Health Administration?
5. What warning does this symbol represent?
[image: GHS-pictogram-acid.svg]
6. Who is responsible for writing the Safety Data Sheets?
7. What is NOT addressed in an SDS?
8. List two factors from the Section #2 Hazard Identification that could have helped to prevent the methanol accident.
9. State the difference between the flash point and the fire point.
10. Which is NOT present in the SDS, the flash point or the fire point?
11. When does spontaneous combustion occur?
12. A methanol fire is an example of a class B fire. What is a class B fire?


A Moldy Situation: Chemistry Cleans Up

1. What are the symptoms displayed by a person with an allergy to mold?
2. What type of organism is mold?
3. What are the three basic conditions needed for mold to grow?
4. What are some of the common food sources for mold growing in a warm and humid house?
5. How does a person develop an allergy in general and specifically to mold?
6. What steps can be taken to eliminate mold spores in a house?
7. What happens as steam is cooled and condenses to liquid water?
8. How does sweating cool the body?


Geothermal Energy: Hot Stuff!

1. List four (4) advantages of geothermal energy over other energy sources.
2. What are the three requirements for geothermal energy?
3. How is underground geothermal energy used to produce electricity?
4. List the similarities and differences between the generation of electricity by geothermal energy and generation of electricity by burning fossil fuels.
5. What is a binary-cycle system?
6. What is the advantage of using a binary-cycle system?
7. How does a heat pump work?
8. Is geothermal energy likely to be “the answer” to all our energy needs in the future? Why/Why not?
9. Currently, what percentage of the electricity in the United States is produced from geothermal energy?
10. List the energy transfers that happen when electricity is generated from burning fossil fuels.


Bacteria Buster! Triclosan Kills Bacteria, but Is It Safe?

1. Why did Bath and Beauty Works add triclosan to their “Tangelo Orange Twist” and “Sugar Lemon Fizz” soaps?
2. What has led to health concerns about products containing triclosan?
3. When you use triclosan-containing products, how does the triclosan enter the body?
4. Why is triclosan detected in the urine of people who do not knowingly use triclosan-containing products?
5. What were the results of studies on teenagers from the United States and Norway who have been exposed to triclosan?
6. Why are scientists concerned about the similarities between the structure of the triclosan molecules and thyroid hormone molecules?
7. Why do animal studies show severe health effects not seen in humans who have been exposed to triclosan?
8. How do triclosan molecules prevent the formation of fatty acids?
9. Why does the loss of fatty acids kill bacteria?
10. What unique property of triclosan led to its use for hospital surgeries in the 1970s?
11. What use of triclosan was approved by the U.S. Food and Drug Administration in the 1990s?
12. Why are some consumers opposed to the use of triclosan-containing products?


Double, Double, Oil and Trouble

1. What is the chemical difference between a fat and a fatty acid?
2. Describe an ester bond, which is the bond that links fatty acids to the glycerol backbone is a triglyceride molecule.
3. What is the difference between a saturated molecule and an unsaturated molecule?
4. Describe the cis and trans forms of double bonds.
5. Some fats are described as “monounsaturated” and other fats are called “polyunsaturated.” What’s the difference?
6. How are omega-fatty acids named?
7. What are essential fatty acids?
8. Why is the dietary ratio of linoleic acid to α-linoleic acid important?
9. The article describes ways of mitigating the dietary imbalance between linoleic acid and α-linoleic acid. What are they?



[bookmark: _Toc212568387][bookmark: _Toc436744434]Answers to Student Questions 
(from the articles)

Safety Data Sheets: Information That Could Save Your Life

1. What was the high school teacher intending to demonstrate with the colored flames that produced the rainbow effect?
The teacher intended to demonstrate the characteristic emission spectra of metal ions.
2. A safer method for conducting flame tests that does not use methanol is suggested in the article. Describe the method that is suggested.
The article suggests soaking wooden splints in salt solutions and then burning them in a Bunsen burner as a safer flame test method.
3. What happened when the teacher added more methanol to the Petri dish? Be specific.
When more methanol was added to the Petri dish the flame traveled back up into the bottle and ignited the rest of the methanol. Pressure built up within the bottle and spewed a fiery stream of burning methanol 12 feet, hitting a student in the chest.
4. What is the purpose of the Occupational Safety and Health Administration?
OSHA is a “… federal agency created to ensure a safe work environment for all employees.”
5. What warning does this symbol represent?
[image: GHS-pictogram-acid.svg]

This symbol represents a corrosive material.



6. Who is responsible for writing the Safety Data Sheets?
The supplier or manufacture of the chemical is responsible for writing the SDS.
7. What is NOT addressed in an SDS?
An SDS “… does not address the possible hazards that could occur as a chemical reaction moves forward and the constituents and concentration of the chemicals involved change.”
8. List two factors from the Section #2 Hazard Identification that could have helped to prevent the methanol accident.
Factors that could prevent the methanol accident are:
a.	“Highly flammable liquid and vapor”
b.	“Keep away from heat, sparks, open flames, hot surfaces—No smoking”
9. State the difference between the flash point and the fire point.
The flash point is the temperature at which the vapors above a liquid ignite if an outside ignition source (spark or flame) comes near. The fire point is the point at which a flammable liquid will not only catch on fire if lit but will also keep burning for five seconds.
10. Which is NOT present in the SDS, the flash point or the fire point?
The fire point is not present in the SDS.
11. When does spontaneous combustion occur?
Spontaneous combustion occurs when a substance reaches its autoignition temperature.
12. A methanol fire is an example of a class B fire. What is a class B fire?
Class B fires involve the combustion of gasoline, oil, paint, and other flammable liquids.


A Moldy Situation: Chemistry Cleans Up

1. What are the symptoms displayed by a person with an allergy to mold?
The symptoms displayed by a person with an allergy to mold include a runny nose, itchy eyes, sneezing and coughing.
2. What type of organism is mold?
Mold is a type of fungus that can be found almost everywhere on Earth.
3. What are the three basic conditions needed for mold to grow?
Mold needs warmth, moisture and food to grow.
4. What are some of the common food sources for mold growing in a warm and humid house?
Some of the food sources for mold include the paper surface of wall board (sheetrock), wood, carpet backing, soap scum, and dust as well as just about any food that people eat.
5. How does a person develop an allergy in general and specifically to mold?
A person’s immune system reacts to foreign bodies, producing antibodies that “fight” (react against) the foreign bodies, such as mold spores. Included in this reaction is the production of histamines, which causes vasodilation (widening of blood vessels) in the nose to block the entry of the foreign particles. Overreaction in the blood vessels produces runny nose, sneezing, and watery eyes.
6. What steps can be taken to eliminate mold spores in a house?
Ideally, one should eliminate the three conditions for mold to grow—warmth, moisture, and food for the mold. A house with cool air contains less atmospheric moisture than a house with warm air. In addition, the use of a dehumidifier will reduce the moisture in the air. And fans will help to dry the house interior. The source of the moisture in a previously flooded house such as rugs, furniture coverings and cushions, books and magazines should be discarded. All hard surfaces such as walls, floors, furniture in a house that provide food for mold should be disinfected [added by editor].
7. What happens as steam is cooled and condenses to liquid water?
As steam is cooled and condenses, hydrogen bonds begin to form between the molecules.
8. How does sweating cool the body?
Molecules of water in the liquid water droplets from sweat are warmed by body heat. Their increased kinetic energy allows some of the water molecules to break the intermolecular forces of attraction and evaporate. These warmer molecules leave and take their extra heat with them, cooling the remaining sweat and thus lowering body temperature.


Geothermal Energy: Hot Stuff!

1. List four (4) advantages of geothermal energy over other energy sources.
The four (actually, 5) advantages for geothermal energy mentioned in the article are
a. It will not run out, as the Earth’s core will remain hot for the next 5 billion years
b. Power plants using geothermal energy can work 24/7, regardless of the weather
c. Geothermal energy is better for the environment than fossil fuels because it releases practically no greenhouse gases
d. Geothermal energy can be cheaper than energy from fossil fuels (it requires no fuel, 
per se)
e. Geothermal energy can be tapped locally, decreasing our dependence on foreign oil.
2. What are the three requirements for geothermal energy?
Three requirements for geothermal energy are
a. A source of heat,
b. Rock permeability and
c. Water.
3. How is underground geothermal energy used to produce electricity?
A well is dug into the earth to extract the hot water which turns into steam. The steam goes through the turbine, which turns due to the kinetic energy imparted to it by the hot steam. The turbine drives a generator that uses electromagnets to convert the kinetic energy to electrical energy. The “used” water, which has lost much of its heat to the turbine, is pumped back into the ground to be reheated geothermally and then it can be used again in the power plant.
4. List the differences between the generation of electricity by geothermal energy and generation of electricity by burning fossil fuels.
Differences between fossil fuel-produced electricity and geothermal-produced energy include:
a. fossil fuel-generated electricity
1) requires that the fossil fuel be burned, which requires the depletion of the fuel (a natural resource) and
2) produces pollution;
b. geothermal energy
1) extracts already-heated boiling water from the ground, requiring no external fuel and, as a result
2) produces no greenhouse gases.
5. What is a binary-cycle system?
A binary-cycle system sends heated water (that is not hot enough to boil), from underground, through a heat exchanger to heat a second liquid. Note that the two liquids do not mix or come in direct contact with each other; only heat is exchanged between the two. The boiling point of the second liquid is lower than that of water, so the heat from the water transferring to the second liquid is sufficient to cause the second liquid to boil. This produces gaseous vapor, like steam. This vapor then turns the turbines that power the generators to produce electricity.
6. What is the advantage of using a binary-cycle system?
A binary-cycle system can be used in more places than a typical geothermal system.
7. How does a heat pump work?
In the winter, heat pumps absorb heat from underground and transfer it through a heat exchanger to a building; in the summer, heat pumps absorb heat from the building and transfer it underground.
8. Is geothermal energy likely to be “the answer” to all our energy needs in the future? Why/Why not?
Geothermal energy is not likely to be the answer to all our energy needs because it doesn’t work everywhere. Many places in the U.S. don’t have all three requirements for geothermal energy: high temperature, underground water and permeable rock. These areas will require wind or solar energy as alternative sources of energy.
9. What percentage of the electricity in the United States is produced from geothermal energy currently?
The article states that only about 1% of the electricity generated in the U.S. comes from geothermal energy.
10. List the energy conversions that happen when electricity is generated from burning fossil fuels.
The energy conversions happening in a fossil fuel electricity power plant include the following:
a. Coal or oil is burned to produce heat to warm water. This converts chemical stored energy to thermal or heat energy.
b. Heat energy makes the water boil. Boiling water makes steam, water molecules moving quickly through air. This conversion is thermal energy changing to kinetic energy.
c. Energetic steam turns the turbine, a conversion of kinetic energy to mechanical energy.
d. The moving turbine turns the generator, forcing electrons to move through a wire, a conversion of mechanical energy into electrical energy.


Bacteria Buster! Triclosan Kills Bacteria, but Is It Safe?

1. Why did Bath and Beauty Works add triclosan to their “Tangelo Orange Twist” and “Sugar Lemon Fizz” soaps?
Bath and Beauty Works added triclosan to their “Tangelo Orange Twist” and “Sugar Lemon Fizz” soaps to make them antibacterial.
2. What has led to health concerns about products containing triclosan?
Results from animal studies have led to health concerns about products containing triclosan.
3. When you use triclosan-containing products, how does the triclosan enter the body?
When you use triclosan-containing products, the chemical is absorbed via the gastrointestinal tract, mouth and skin.
4. Why is triclosan detected in the urine of people who do not knowingly use triclosan-containing products?
Triclosan is detected in the urine of people who do not knowingly use triclosan-containing products because many of us are in fact exposed to triclosan.
5. What were the results of studies on teenagers from the United States and Norway who have been exposed to triclosan?
Studies of teenagers from the United States and Norway who have been exposed to triclosan show triclosan exposure is “… associated with a diagnosis of allergy or hay fever and a measurable sensitivity to air and food allergens.”
6. Why are scientists concerned about the similarities between the structure of the triclosan molecules and thyroid hormone molecules?
Scientists are concerned about the similarities between the structure of triclosan molecules and hormone molecules because if triclosan mimics thyroid hormones, triclosan could have far reaching health effects on the brain, heart and bones, especially in children and teens.
7. Why do animal studies show severe health effects not seen in humans who have been exposed to triclosan?
Animals show severe health effects not seen in humans because the level of triclosan used in animal studies is typically higher than the level of triclosan to which humans are exposed.
8. How do triclosan molecules prevent the formation of fatty acids?
Triclosan molecules prevent the formation of fatty acids by binding to the bacterial cell enzymes required to catalyze fatty acid production.
9. Why does the loss of fatty acids kill bacteria?
The loss of fatty acids kills bacteria because without fatty acids, bacteria cannot build and maintain the cell walls necessary for cells to grow and divide.
10. What unique property of triclosan led to its use for hospital surgeries in the 1970s?
The property of triclosan that led to its use for hospital surgeries is that triclosan binds to an enzyme present in bacterial cells but not in human cells, so it can’t cause unintended problems in humans.
11. What use of triclosan was approved by the U.S. Food and Drug Administration in the 1990s?
The use of triclosan in Colgate Total toothpaste to fight gingivitis was approved by the U.S. Food and Drug Administration in the 1990s.
12. Why are some consumers opposed to the use of triclosan-containing products?
Some consumers are opposed to the use of triclosan-containing products because they are concerned about triclosan’s ability to mimic other molecules.


Double, Double, Oil and Trouble

1. [bookmark: _Toc283997090]What is the chemical difference between a fat and a fatty acid?
A fatty acid is a carboxylic acid with a long hydrocarbon chain, usually with 3–19 carbon atoms, attached. When three of these fatty acids are chemically combined with a glycerol molecule via ester bonds, the result is called a triglyceride, which is another name for a fat. [See “More on the chemistry of fatty acids and fats” for actual structures and additional details.]
2. Describe an ester bond, which is the bond that links fatty acids to the glycerol backbone is a triglyceride molecule.
In fats an ester bond occurs between one of the hydroxyl groups, –OH, in glycerol and the carboxyl group, –COOH, in the fatty acid.
3. What is the difference between a saturated molecule and an unsaturated molecule?
A saturated molecule contains only single bonds between carbon atoms and an unsaturated molecule contains at least one carbon-carbon double bond. In the case of fats, the double bonds are between carbons in the fatty-acid side chain.
4. Describe the cis and trans form of double bonds.
The terms cis and trans are used to describe different arrangements of atoms located adjacent to double bonds. Although carbon-carbon bonds are at an angle to each other, the general shape of the resulting molecule is a straight line. Cis forms of double bonds result in “kinks” in that linear structure.
5. Some fats are described as “monounsaturated” and other fats are called “polyunsaturated.” What’s the difference?
There is only one double bond in a monounsaturated fat, and two or more double bonds in a polyunsaturated fat.
6. How are omega-fatty acids named?
Omega fatty acids are polyunsaturated fatty acids. The naming system for them numbers the carbon atoms (1, 2, 3 ...) from the end of the molecule opposite the carboxyl group.
7. What are essential fatty acids?
They are fatty acids that the body cannot make from other biochemicals in the body. The two essential fatty acids are linoleic acid and α-linoleic acid. They must be present in the diet in order for the body to make other fatty acids it needs from those two.
8. Why is the dietary ratio of linoleic acid to α-linoleic acid important?
The same enzymes are used to convert these two compounds into other fatty acids. If there is too much linoleic acid in the diet then there are insufficient enzymes available to convert α-linoleic acid. The U.S. Department of Agriculture recommends a linoleic acid: α-linoleic acid ratio of 10:1, but in the diet of many Americans the actual ratio is greater than that.
9. The article describes ways of mitigating the dietary imbalance between linoleic acid and α-linoleic acid. What are they?
a. The simplest way to deal with the linoleic acid to α-linoleic acid imbalance would be to reduce consumption of food that contains linoleic acid. That’s difficult because so many foods contain the acid.
b. The second way would be consume more food or food supplements that contain α-linoleic acid, such as flax seed.
c. The third way described is to eat more food that contains the two main chemical intermediates that are produced from linoleic acid and α-linoleic acid, and which then are converted to other important compounds in the body. These two intermediates are eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA). Fish are good sources of these two compounds.


[bookmark: _Toc436744435]ChemMatters Puzzle: Chem by the Numbers
[bookmark: _Toc283997091]Chemists love numbers! Whether constants, such as the speed of light and standard pressure, or simply a sample size, we use them all the time. In this puzzle, you are challenged to match the numbers 0 to 11 to a given clue. These numbers are there, but in a scrambled arrangement. Below, we provide 12 clues. Match a number to each.  A number will be used once, so you can cross it off this set, if you wish.

		0	1	2	3	4	5	6	7	8	9	10	11

Have fun!																
____The size of the positive charge on the stannic ion.
	
____Exactly one-hundred millionth of the speed of light, in MKS (Meter, Kilogram, Second) units.

____The equivalent of 279 Kelvin on the degree Celsius scale.

____A filled f subshell contains this number of orbitals for electrons.

____In the IUPAC naming system, the base name unodec denotes this number of carbon atoms.

____The second significant figure in Avogadro's number. 

____The number of neutrons in a Mg-22  ion of charge +2 
  
____ The approximate vapor density at standard temperature and pressure (STP) of carbon monoxide gas.              
         (The vapor density  is the density of a gas compared to that of air.)

____  The number of  faces plus corners of a tetrahedron, a common molecular shape.

____  Given this equation:  C3H8 + x O2  y CO2 + z H2O, what is the value of x?

_____The atomic number of the element in Period 2 with the biggest electronegativity value.

____ The mass, in grams, of 0.01 mole of calcium bromide.




[bookmark: _Toc436744436]Answers to the ChemMatters Puzzle
4  The size of the positive charge on the stannic ion.
3  Exactly one-hundred millionth the speed of light in a vacuum, in MKS units.
6  The equivalent of 279 degrees Kelvin is 6 on the degree Celsius scale (279 – 273)
7  A filled f subshell contains this number of orbitals for electrons.
11  In the IUPAC naming system, the prefix unodec denotes this number of carbon atoms.
0  The second significant digit in Avogadro's Number, 6.02 x 1023
10  The number of neutrons in a Mg-22  ion of charge +2 = (22–12).             
1  The approximate vapor density at STP of carbon monoxide gas (both air and carbon monoxide gas have an average molar mass of about 28.8 g/mol).
8  The number of  faces plus corners of a tetrahedron, a common molecular shape.
5  In C3H8 +  x O2    y CO2 + z H2O: the value of x is 5 (to have 10 oxygen atoms). 
9  The atomic number of the element in period 2 with the biggest electronegativity value.
2  The mass in grams of 0.01 moles of calcium bromide.

Notes by the author:
 
4  Stannum is the Latin name of tin; suffix ic implies the more positive charge of +2 and +4.    
3  Speed is 3.00 x108 m/sec; 108  = one hundred-million;  inverse is 10-8  , so net is 3x 100  = 3.
6  279K  is 6 degrees above the freezing point of water on both scales. 1 oC = 1 K in size).
7  7 orbitals, each with a pair of electrons when filled.
11  An example: unodecanol-1  is C11H23OH.
0  In the coefficient 6.02, the 0 is a significant figure, not merely holding a place.
10  The number of neutrons in the Mg ion of mass number 22, atomic number 12.   
1  Both are 1.29 g/L, with just about same molar mass of 28.8 g/mol.
8  In a perfect tetrahedron there are 4 faces( equilateral triangles) and 4 corners equidistant from center.  Lots of symmetry there!
5  Need 10 oxygen atoms on each side of the equation.
9  Of these eight elements, fluorine (Z= 9) exerts the strongest pull on a shared pair of electrons.
2  The formula is CaBr2, with molar mass of 200 g/mol.


[bookmark: _Toc436744437][bookmark: _Toc283997093]
Correlations to the Next-Generation Science Standards
	Article
	NGSS

	Safety Data Sheets; Information that Could Save Your Life  
		HS-PS1-5.
Apply scientific principles and evidence to provide an explanation about the effects of changing the temperature or concentration of the reacting particles on the rate at which a reaction occurs.
HS-ETS1-3.
Evaluate a solution to a complex real-world problem based on prioritized criteria and trade-offs that account for a range of constraints, including cost, safety, reliability, and aesthetics as well as possible social, cultural, and environmental impacts.



Disciplinary Core Ideas:
· PS1.A Structure of matter
· PS1.B Chemical reactions
Crosscutting Concepts: 
· Patterns
· Cause and effect:  Mechanism and explanation
· Scale, proportion, and quantity
Science and Engineering Practices: 
· Constructing explanations (for science) and designing solutions (for engineering)
Nature of Science:  
· Scientific knowledge assumes an order and consistency in natural systems. 


	A Moldy Situation: Chemistry to the Rescue
		HS-LS2-6.
Evaluate claims, evidence, and reasoning that the complex interactions in ecosystems maintain relatively consistent numbers and types of organisms in stable conditions, but changing conditions may result in a new ecosystem.

Disciplinary Core Ideas:
· LS2.C Ecosystem dynamics, functioning, and resilience
Crosscutting Concepts: 
· Cause and effect
· Stability and Change
Science and Engineering Practices: 
· Engaging in argument from evidence
· Constructing evidence (for science) and designing solutions (for engineering)
Nature of Science:  
· Scientific knowledge is based on empirical evidence.
· Science addresses questions about the natural and material world. 





	Geothermal Power: Hot Stuff
		HS-ESS-2
Evaluate competing design solutions for developing, managing, and utilizing energy and mineral resources based on cost-benefit ratios.



Disciplinary Core Ideas:
· ESS3.A Natural resources
· ESS3.C Human impacts on Earth systems
Crosscutting Concepts: 
· Systems and System Models
· Energy and matter: Flows, cycles, and conservation
Science and Engineering Practices: 
· Constructing explanations (for science) and designing solutions (for engineering)
Nature of Science:  
· Science models, laws, mechanisms, and theories explain natural phenomena.
· Science addresses questions about the natural and material world.


	Bacteria-Buster! Triclosan Kills Bacteria, but Is It Safe?  
		HS-PS2-6
Communicate scientific and technical information about why the molecular-level structure is important in the functioning of designed materials.
HS-ETS1-3.
Evaluate a solution to a complex real-world problem based on prioritized criteria and trade-offs that account for a range of constraints, including cost, safety, reliability, and aesthetics as well as possible social, cultural, and environmental impacts.

Disciplinary Core Ideas:
· PS1.A Structure of matter
Crosscutting Concepts: 
· Cause and effect: Mechanism and explanation
· Structure and Function
Science and Engineering Practices: 
· Analyzing and interpreting data
· Obtaining, evaluating, and communicating information
Nature of Science:  
· Scientific knowledge is based on empirical evidence.





	Double, Double, Oil and Trouble
		HS-PS2-6
Communicate scientific and technical information about why the molecular-level structure is important in the functioning of designed materials.


	Disciplinary Core Ideas:
· PS1.A Structure of matter
Crosscutting Concepts: 
· Patterns
· Structure and Function
Science and Engineering Practices: 
· Constructing explanations and designing solutions
· Obtaining, evaluating, and communicating information
Nature of Science:  
· Scientific knowledge is based on empirical evidence.
· Science addresses questions about the natural and material world.





[bookmark: _Toc436744438]Connections to Common Core State Standards
RST.9-10.1 Cite specific textual evidence to support analysis of science and technical texts, attending to the precise details of explanations or descriptions.

RST.9-10.2: Determine the central ideas or conclusions of a text; trace the text's explanation or depiction of a complex process, phenomenon, or concept; provide an accurate summary of the text.

RST.11-12.1 Cite specific textual evidence to support analysis of science and technical texts, attending to important distinctions the author makes and to any gaps or inconsistencies in the account.

RST.11-12.2: Determine the central ideas or conclusions of a text; summarize complex concepts, processes, or information presented in a text by paraphrasing them in simpler but still accurate terms.

In addition, the teacher could assign writing to include the following Common Core State Standards:

WHST.9-10.2 Develop the topic with well-chosen, relevant, and sufficient facts, extended definitions, concrete details, quotations, or other information and examples appropriate to the audience’s knowledge of the topic.

WHST.9-10.2F: Provide a concluding statement or section that follows from and supports the information or explanation presented (e.g., articulating implications or the significance of the topic).

WHST.11-12.1E: Provide a concluding statement or section that follows from or supports the argument presented.

WHST.11-12.2  Develop the topic thoroughly by selecting the most significant and relevant facts, extended definitions, concrete details, quotations, or other information and examples appropriate to the audience’s knowledge of the topic.



[bookmark: _Toc436744439]Anticipation Guides
Anticipation guides help engage students by activating prior knowledge and stimulating student interest before reading. If class time permits, discuss students’ responses to each statement before reading each article. As they read, students should look for evidence supporting or refuting their initial responses.

Directions for all Anticipation Guides: Before reading, in the first column, write “A” or “D” indicating your agreement or disagreement with each statement.  As you read, compare your opinions with information from the article. In the space under each statement, cite information from the article that supports or refutes your original ideas.

[bookmark: _Toc436744440]
Safety Data Sheets: Information that Could Save Your Life

Directions: Before reading, in the first column, write “A” or “D,” indicating your agreement or disagreement with each statement.  As you read, compare your opinions with information from the article. In the space under each statement, cite information from the article that supports or refutes your original ideas.

	Me
	Text
	Statement

	
	
	1. In just two months in 2014, more than 20 students were injured in the United States by a teacher demonstration involving methanol.

	
	
	2. Safety Data Sheets include safety precautions as well as potential health hazards.

	
	
	3. The United Nations developed safety pictograms which are used on products worldwide.

	
	
	4. Safety Data Sheets include information about hazards as chemical reactions occur and the concentration of chemicals change.

	
	
	5. Liquid methanol burns.

	
	
	6. You can easily see a methanol flame in good light.

	
	
	7. The flash point and the fire point are the same temperature for most flammable liquids.

	
	
	8. All fire extinguishers  can be used on any type of fire.

	
	
	9. Substances require a flame to ignite.

	
	
	10. More students are injured in sports than in science labs.



[bookmark: _Toc436744441]A Moldy Situation: Chemistry to the Rescue

Directions: Before reading, in the first column, write “A” or “D,” indicating your agreement or disagreement with each statement.  As you read, compare your opinions with information from the article. In the space under each statement, cite information from the article that supports or refutes your original ideas.

	Me
	Text
	Statement

	
	
	1. Scientists estimate that fewer than 100,000 mold species exist on Earth.

	
	
	2. Most molds thrive in temperatures we have in our homes.

	
	
	3. Molds can use soap scum and dust for food.

	
	
	4. The blood vessels dilate unnecessarily in allergy sufferers.

	
	
	5. A histamine molecule has 3 nitrogen atoms.

	
	
	6. Sweat evaporates more readily when the humidity is high.

	
	
	7. Sweat helps cool your body when it evaporates.

	
	
	8. Cool air can hold more moisture than warm air.

	
	
	9. Removing energy causes water vapor to condense.

	
	
	10. Dehumidifiers are not very effective in controlling mold.



[bookmark: _Toc436744442]
Geothermal Power: Hot Stuff

Directions: Before reading, in the first column, write “A” or “D,” indicating your agreement or disagreement with each statement.  As you read, compare your opinions with information from the article. In the space under each statement, cite information from the article that supports or refutes your original ideas.

	Me
	Text
	Statement

	
	
	1. Geothermal power plants must shut down at night.

	
	
	2. Geothermal power plants release about 50% as much carbon dioxide as fossil-fuel power plants.

	
	
	3. The largest geothermal power plant development in the world is in Iceland.

	
	
	4. Most geothermal power plants work by using steam from hot springs or geysers.

	
	
	5. Currently, most geothermal power plants in the United States are in western states.

	
	
	6. The upper 10 feet of Earth’s surface remain at fairly constant temperatures.

	
	
	7. Currently, families in almost every state in the United States have geothermal heat pumps in their homes.

	
	
	8. Moving molecules can transfer kinetic energy to a turbine fan.

	
	
	9. When a gas is compressed, its temperature increases.

	
	
	10. Currently, geothermal power plants produce almost 10% of the electricity in the United States.



[bookmark: _Toc436744443]
Bacteria Buster! Triclosan Kills Bacteria, but Is It Safe?

Directions: Before reading, in the first column, write “A” or “D,” indicating your agreement or disagreement with each statement.  As you read, compare your opinions with information from the article. In the space under each statement, cite information from the article that supports or refutes your original ideas.

	Me
	Text
	Statement

	
	
	1. Studies have shown that triclosan accumulates in our tissues.

	
	
	2. Many people who do not report using products with triclosan have triclosan in their urine.

	
	
	3. Some studies have linked triclosan exposure to allergies, but no cause and effect relationship has been found.

	
	
	4. Triclosan’s chemical structure is similar to hormones naturally found in our bodies.

	
	
	5. Triclosan contains the same elements as thyroxine and estradiol.

	
	
	6. Triclosan molecules prevent the production of fatty acids in bacteria, killing the bacteria.

	
	
	7. The enzymes in bacteria and humans are the same.

	
	
	8. Triclosan has been used in the United States since the 1970s.

	
	
	9. Long carbon chains are hydrophobic.

	
	
	10. Scientific articles must undergo peer review prior to publication.



[bookmark: _Toc436744444]
Double, Double, Oil, and Trouble

Directions: Before reading, in the first column, write “A” or “D” indicating your agreement or disagreement with each statement.  As you read, compare your opinions with information from the article. In the space under each statement, cite information from the article that supports or refutes your original ideas.

	Me
	Text
	Statement

	
	
	1. Fatty acids have long hydrocarbon tails.

	
	
	2. Fats are composed of triglycerides, but oils are not.

	
	
	3. Saturated fats have only single bonds in the side chain.

	
	
	4. Cis and trans double bonds produce different shapes that are easy to distinguish on a flat computer screen.

	
	
	5. The omega number on a fatty acid tells where the double bond is located on the carbon chain.

	
	
	6. We must obtain essential fatty acids from our food.

	
	
	7. The ratio of linoleic acid to -linoleic acid we eat affects the production of compounds needed for healthy immune and nervous systems.

	
	
	8. Cholesterol is carried by HDLs and LDLs.

	
	
	9. Nutritionists recommend a higher amount of HDLs compared to LDLs in our blood.

	
	
	10. Olive oil is a good choice for keeping your arteries from narrowing.



[bookmark: _Toc283997099][bookmark: _Toc436744445]
Reading Strategies 

These graphic organizers are provided to help students locate and analyze information from the articles.  Student understanding will be enhanced when they explore and evaluate the information themselves, with input from the teacher if students are struggling. Encourage students to use their own words and avoid copying entire sentences from the articles. The use of bullets helps them do this. If you use these reading and writing strategies to evaluate student performance, you may want to develop a grading rubric such as the one below.

	Score
	Description
	Evidence

	4
	Excellent
	Complete; details provided; demonstrates deep understanding.

	3
	Good
	Complete; few details provided; demonstrates some understanding.

	2
	Fair
	Incomplete; few details provided; some misconceptions evident.

	1
	Poor
	Very incomplete; no details provided; many misconceptions evident.

	0
	Not acceptable
	So incomplete that no judgment can be made about student understanding




Teaching Strategies: 

· Links to Common Core Standards for Reading:
· ELA-Literacy.RST.9-10.1:  Cite specific textual evidence to support analysis of science and technical texts, attending to the precise details of explanations or descriptions.
· ELA-Literacy.RST.9-10.5: Analyze the structure of the relationships among concepts in a text, including relationships among key terms (e.g., force, friction, reaction force, energy). 
· ELA-Literacy.RST.11-12.1:  Cite specific textual evidence to support analysis of science and technical texts, attending to important distinctions the author makes and to any gaps or inconsistencies in the account.
· ELA-Literacy.RST.11-12.4: Determine the meaning of symbols, key terms, and other domain-specific words and phrases as they are used in a specific scientific or technical context relevant to grades 11-12 texts and topics.

· Links to Common Core Standards for Writing:
· ELA-Literacy.WHST.9-10.2F: Provide a concluding statement or section that follows from and supports the information or explanation presented (e.g., articulating implications or the significance of the topic).
· ELA-Literacy.WHST.11-12.1E: Provide a concluding statement or section that follows from or supports the argument presented.

· Vocabulary and concepts that are reinforced in this issue:

· Chemical safety
· Molecular structures
· Energy conservation
· Lipids 
· Hydrophobic and hydrophilic structures
· Enzymes
· Evaluating scientific claims

· Some of the articles in this issue provide opportunities, references, and suggestions for students to do further research on their own about topics that interest them.

· To help students engage with the text, ask students which article engaged them most and why, or what questions they still have about the articles. The Background Information in the ChemMatters Teachers Guide has suggestions for further research and activities.


[bookmark: _Toc436744446]Safety Data Sheets: Information that Could Save Your Life

As you read, complete the graphic organizer below to describe what you learned about chemical safety and safety data sheets.

	3
	New things you learned about chemical safety
	

	2
	Things to remember about the flash point and/or the fire point
	

	1
	Question you have about Safety Data Sheets
	

	Contact!
	What would you like to tell others about the dangers of methanol?
	



Summary: Write a tweet (140 characters or less) to warn others about the dangers of methanol.
· 

[bookmark: _Toc436744447]A Moldy Situation: Chemistry to the Rescue

As you read the article, complete the graphic organizer below to explain the chemical principles involved in cleaning up or preventing mold.

	
	What do molds like?
	What can be done?
	Why does it help?

	Food
	
	
	

	Warmth
	
	
	

	Humidity
	
	
	



Summary: On the bottom or back of this paper, write a short email to a friend who is an allergy sufferer explaining how chemistry can help prevent mold problems. 



[bookmark: _Toc436744448]Geothermal Power: Hot Stuff

As you read the article, complete the graphic organizer below to compare geothermal power plants, binary-cycle power plants, and geothermal heat pumps.

	
	How do they work?
	Advantages
	Disadvantages

	Geothermal power plants
	
	
	

	Binary-cycle power plants
	
	
	

	Geothermal heat pumps
	
	
	



Summary: On the back of this sheet, write a 20-word summary sentence explaining the energy conversions in producing power from geothermal energy.
[bookmark: _Toc436744449]
Bacteria Buster! Triclosan Kills Bacteria, but Is It Safe?

As you read the article, complete the graphic organizer below to describe concerns about triclosan and how triclosan works. 

	CONCERNS AND TESTS

	Links to allergies
	Tests on humans or animals?
	Evidence:

	Decreased growth rate
	Tests on humans or animals?
	Evidence:

	Increased cancer risk
	Tests on humans or animals?
	Evidence:

	HOW TRICLOSAN WORKS

	Effect on cell membrane
	

	Effect on enzyme
	

	Relationship to substrate
	



Summary: After reading this article, how do you feel about the safety of triclosan? Will you use products containing triclosan? Use information from the article to explain your answer on the back of this paper. 
[bookmark: _Toc436744450]Double, Double, Oil, and Trouble

As you read the article, complete the graphic organizer below to describe different fats and fatty acids found in the body.

	Name
	Description
	Example
	Role in the body
	Healthy?

	Fat
	
	
	
	

	Fatty acid
	
	
	
	

	Saturated fat
	
	
	
	

	Unsaturated fat
	
	
	
	

	Omega-3 fatty acid
	
	
	
	

	Omega-6 fatty acid
	
	
	
	

	EPA
	
	
	
	

	DHA
	
	
	
	

	HDL
	
	
	
	

	LDL
	
	
	
	



· Summary: On the back of this paper, write a sentence describing something you learned about fats from the article, and how the will help you decide what foods to eat.

[bookmark: _Toc436744451]
Safety Data Sheets: Information That Could Save Your Life
[bookmark: _Toc212568418][bookmark: _Toc436744452]Background Information (teacher information)

More on the history of the Occupational Safety and Health Administration and Safety Data Sheets

	Occupational Safety and Health Administration (OSHA)

The establishment of the Occupational Safety and Health Administration (OSHA) was the result of a long evolution. In the 19th century U.S. economy, health and safety was not a priority. In 1877 the nation’s first health and safety legislation passed in Massachusetts. It required the guarding of belts, shafts and gears, protection of elevators, and adequate fire exits in factories. As a result, many other states began factory inspections and instituted safety measures. From that time until OSHA was established the government tried various legislative actions to establish a health and safety organization. It was a contentious battle between labor, business and the government that took decades for its enactment.

The Occupational Safety and Health Administration (OSHA), as an agency in the Department of Labor, was finally established by Congress under the Occupational Safety and Health Act in December of 1970. Its mission as described by OSHA is to “… assure the safety and health of America's workers by setting and enforcing standards; providing training, outreach, and education; establishing partnerships; and encouraging continual improvement in workplace safety and health.” (http://www.law.du.edu/thomson/AdminWiki/Labor_OSHA/EC77011AD85ABB5F713115C2C60D9CE9.html)

The first five industries targeted by OSHA for safety hazards were marine cargo handling, roofing and sheet metal work, meat and meat products, miscellaneous transportation equipment (primarily mobile homes), and lumber and wood products. Five health hazards were also targeted: asbestos, lead, silica, carbon monoxide and cotton dust. 

(https://www.osha.gov/history/OSHA_HISTORY_3360s.pdf)

	OSHA covers most private sector employers and their workers. State and local government workers are excluded from federal coverage. The OSHA act encourages states to develop and operate their own programs. States operating their own state workplace safety and health program under plans approved by the US Department of Labor cover most private workers and are also required to cover the state and local government workers as well. The National Institute for Occupational Safety and Health (NIOSH) was created by OSHA as a research agency to determine major types of hazard in the workplace and methods of controlling them.

	In the 45 years of OSHA existence great improvements in the workplace have resulted.

· Since the agency was established in 1971, workplace fatalities have been cut by 62 percent and occupational injury and illness rates have declined 40 percent.
· At the same time, U.S. employment has nearly doubled from 56 million workers at 3.5 million worksites to 115 million workers at nearly 7 million sites.
(http://www.law.du.edu/thomson/AdminWiki/Labor_OSHA/EC77011AD85ABB5F713115C2C60D9CE9.html)

	Safety Data Sheet (SDS)

The Safety Data Sheet (SDS) replaced the Material Safety Data Sheet (MSDS) in 2012. The Material Safety Data Sheet was legislated by the Occupational Safety and Health Administration (OSHA) in 1983. MSDSs have been the foundation of OSHA’s Hazard Communication Standard. According to OSHA:

Hazard Communication Standard (HCS) is designed to ensure that information about these hazards and associated protective measures is disseminated. This is accomplished by requiring chemical manufacturers and importers to evaluate the hazards of the chemicals they produce or import, and to provide information about them through labels on shipped containers and more detailed information sheets called material safety data sheets (MSDSs). All employers with hazardous chemicals in their workplaces must prepare and implement a written hazard communication program, and must ensure that all containers are labeled, employees are provided access to MSDSs, and an effective training program is conducted for all potentially exposed employees.

The HCS provides people the right-to-know the hazards and identities of the chemicals they are exposed to in the workplace. When employees have this information, they may effectively participate in their employers' protective programs and take steps to protect themselves. In addition, the standard gives employers the information they need to design and implement an effective protective program for employees potentially exposed to hazardous chemicals. Together these actions will result in a reduction of chemical source illnesses and injuries in American workplaces.

(https://www.osha.gov/dsg/hazcom/whatishazcom.html)

The Hazard Communication Standard was revised in 2012 to align with the Global Harmonized System of Classification and Labeling of Chemicals (GHS). The GHS was developed by the United Nations in 2003 as a set of guidelines to ensure the safe production, transportation, handling, use and disposal of hazardous materials. The guidelines attempt to bring agreement to chemical regulations and standards of different countries. Their goal is to make the international sale and transportation of chemicals easier and the workplace conditions safer.

The adoption of the GHS resulted in significant changes to the MSDS, which is now labeled simply as the Safety Data Sheet. The purpose of the MSDS was to provide documents that were to travel with or ahead of the chemical shipment, to inform users and transporters about specific hazards that chemical could present. The MSDS had a number of different styles and formats used in the United States. As long as the MSDS contained the required information the format was not specified, so companies had varied MSDSs with varied formats and vital information in various locations. This resulted in making the reading of MSDSs a challenge. OHSA’s adoption of the GHS mandates the use of a single GHS format for the Safety Data Sheet. Using the SDS, with its standard format, creates a simpler and more effective way to communicate the hazards of chemicals.

	The Safety Data Sheet’s current format has 16 sections which are listed below:
	
Section 1, Identification includes product identifier; manufacturer or distributor name, address, phone number; emergency phone number; recommended use; restrictions on use.
Section 2, Hazard(s) identification includes all hazards regarding the chemical; required label elements.
Section 3, Composition/information on ingredients includes information on chemical ingredients; trade secret claims.
Section 4, First-aid measures includes important symptoms/ effects, acute, delayed; required treatment.
Section 5, Fire-fighting measures lists suitable extinguishing techniques, equipment; chemical hazards from fire.
Section 6, Accidental release measures lists emergency procedures; protective equipment; proper methods of containment and cleanup.
Section 7, Handling and storage lists precautions for safe handling and storage, including incompatibilities.
Section 8, Exposure controls/personal protection lists OSHA's Permissible Exposure Limits (PELs); Threshold Limit Values (TLVs); appropriate engineering controls; personal protective equipment (PPE).
Section 9, Physical and chemical properties lists the chemical's characteristics.
Section 10, Stability and reactivity lists chemical stability and possibility of hazardous reactions.
Section 11, Toxicological information includes routes of exposure; related symptoms, acute and chronic effects; numerical measures of toxicity.
Section 12, Ecological information*
Section 13, Disposal considerations*
Section 14, Transport information*
Section 15, Regulatory information*
Section 16, Other information, includes the date of preparation or last revision.
*Note: Since other Agencies regulate this information, OSHA will not be enforcing Sections 12 through 15(29 CFR 1910.1200(g)(2)).
(https://www.osha.gov/Publications/HazComm_QuickCard_SafetyData.html)

More on Methanol

	Chemistry

	Methanol or methyl alcohol is the simplest of the alcohols, having only one carbon atom. It is a clear, colorless liquid also known as wood alcohol with the chemical formula CH3OH. It is called wood alcohol because it was originally produced by the destructive distillation of wood. Destructive distillation is a chemical process in which an organic material is heated to high temperatures in the absence of air.
[image: http://www.biologycorner.com/resources/methanol_structure.jpg]
(http://www.biologycorner.com/worksheets/articles/wood_alcohol.html)

	Today methanol is produced from a wide variety of materials, as long as the material will produce carbon monoxide and hydrogen. The most common starting material is natural gas. The production of methanol occurs in two steps. The first step converts methane, CH4, from the natural gas into carbon monoxide, carbon dioxide and hydrogen. The second step uses a catalyst to convert these gases into methanol.

2 CH4  +  3 H2O    CO  +  CO2  +  7 H2

CO  +  CO2  +  7 H2    2 CH3OH  +  2 H2  +  H2O

	Uses

Ancient Egypt used methanol as an embalming fluid. Most of the methanol today is used as a starting material in the production of other substances, such as formaldehyde, dimethyl ether, methyl tertiary butyl ether, and acetic acid. In the lab, methanol is a common solvent. Methanol is also used as a fuel. It burns to produce carbon dioxide and water. It can be used as an additive to gasoline to improve combustion, or it can be used in its pure form.

3CH3OH  +  3O2    2CO2   +  4H2O

	Toxicology

	Methanol is highly toxic, either by ingestion, inhalation or absorption through the skin. In the body, alcohol dehydrogenase converts the methanol to formaldehyde. This is a slow process which explains why methanol poisoning can take hours or days to manifest itself. Once the formaldehyde is produced it is quickly converted to formic acid. Formic acid is metabolized slowly in the body so when it builds up it can damage the ocular nerve resulting in permanent blindness and can lead to death. Blindness can occur with as little as 10 mL of methanol. The National Institute of Health states that ingestion of 60–213 mL can be fatal.

[image: http://web.archive.org/web/20111005043548/http:/www.antizol.com/images/figure2.gif]
Metabolic Pathway of Methanol Toxicity

(http://web.archive.org/web/20111005043548/http://www.antizol.com/mpoisono.htm)

Poisoning from methanol does not only happen in the lab. People, either by accident or on purpose, have actually imbibed methanol. It is a common contaminant in moonshine. Alcoholics, desperate for alcohol, have been known to drink methanol. Ethanol, CH3CH2OH—the alcohol that IS drinkable—is also commonly used in chemistry and biology labs, as a fuel or solvent in the lab. To prevent lab staff from buying ethanol from science supply houses without paying tax on it (from the federal government), and to prevent them from drinking it, lab ethanol is commonly denatured using 5% methanol. This renders the ethanol unfit for human consumption. Alcohol tax is not assessed on denatured ethanol, since it’s not drinkable, which makes it cheaper and safer to use in the lab.

	Accidents involving demonstrations using methanol

	For years teachers and demonstrators have used methanol in demonstrations involving fire. One of the most common demonstrations in known as the “Rainbow”, the demonstration discussed in the Rohrig article. It is used to show the emission spectra of metal ions. The following table gives a few examples of the accidents that have occurred involving a sudden flash-fire of methanol during a demonstration. All of these involve children.

	Date
	Location
	City, State
	Demonstration
	Number Injured

	1/23/2006
	Western Reserve Academy
	Hudson, OH
	Rainbow
	1

	12/1/2011
	Maple Grove Jr High
	Maple Grove, MN
	Demo with Methanol
	4

	1/2/2014
	Beacon High School
	Manhattan, NY
	Rainbow
	2

	9/3/2014
	Terry Lee Wells Nevada Discovery Museum
	Reno, NV
	Fire Tornado
	13

	9/15/2014
	Smart Academy
	Denver, CO
	Rainbow
	4

	10/20/2014
	Cub Scouts event
	Raymond, Il
	Rainbow
	4



All of these accidents were preventable and the result of insufficient knowledge about the behavior of methanol. As a result, the American Chemical Society published this advisory:

The American Chemical Society Committee on Chemical Safety recommends that the “Rainbow” demonstration on open benches involving the use of flammable solvents such as methanol be discontinued immediately. When carried out on open benches (outside of a chemical hood) these demonstrations present an unacceptable risk of flash fires and deflagrations that can cause serious injuries to students and teachers. On an open bench, invisible flammable vapors can flow across and off of the bench to the floor where they can be ignited by a flame, a spark (even static electricity), or even a hot surface. Even carrying out this demonstration in a hood poses risks if solvents are not adequately controlled. If you are considering this “Rainbow” demonstration or have used it in the past, we urge you to stop using this demonstration. There are alternatives available that demonstrate the same rainbow colors but don’t use flammable solvents on an open bench. These alternate demonstrations involve soaking wooden splints in salt solutions and then placing the splints in a Bunsen burner to observe the salt’s characteristic color.
(http://www.acs.org/content/acs/en/about/governance/committees/chemicalsafety/safety-alert-rainbow-demonstration.html)

Likewise the chairman of the Chemical Safety Board, an independent federal agency, also recommended against the use of methanol in demonstrations.

Chairperson Rafael Moure-Erason said, “These key lessons, if followed, will prevent future injuries. Educators should substitute or minimize the use of flammable chemicals and perform an effective hazard review prior to conducting an educational demonstration. Safety must be the absolute priority and educators should demonstrate chemical safety concepts as well as the science topic.”

(http://www.csb.gov/csb-releases-key-lessons-for-preventing-incidents-from-flammable-chemicals-in-educational-demonstrations-in-wake-of-several-serious-methanol-accidents-that-injured-children-and-adults/)

	[Editors’ Note:] Just as this Teacher’s Guide was going to press, national news reports came in (10/30/2015) of another fire in a high school chemistry classroom in Woodson High School, Fairfax, Virginia. It appears to be the result of a teacher doing “a demonstration of fire in the different colors”, according to the news report. While the actual fuel was yet to be determined, it sounds very much like the other “accidents” listed above, using methanol. One student from the class who was interviewed said, "She [the teacher] was demonstrating the experiment ... with the different elements causing the fire to change color, and as the fire was dying down she added more alcohol." (https://twitter.com/mattacklandfox5/status/660149372412366848)
Although the specific alcohol had not yet been determined, methanol is the likely culprit.

With this latest news story, if you feel the need to show the demonstration to your students, the Teacher's Guide editors ENCOURAGE you to use one of the video clips listed in the “More sites on the rainbow demonstration and flame tests” near the end of this article’s Teacher’s Guide, and we want to DISCOURAGE you from actually doing the demonstration in your own classroom. We remind you of the quote above from the American Chemical Society Committee on Chemical Safety: “… we urge you to stop using this demonstration.”

No demonstration—no matter how exciting—is worth the risk of harm to students.

More on safety in the chemistry classroom

	It is imperative to create a culture of safety in the science classroom from day one. One way to do this is to consider the four principles of safety as described by Robert H. Hill, Jr. and David C. Finster in their book Laboratory Safety for Chemistry Students.

The first principle, to recognize the hazards of chemicals, equipment and procedures, requires that you know and recognize the hazard of the chemicals that you are using. The second principle, assess risks of hazards associated with exposures and procedures, is perhaps the most important of all the principles. The third principle, minimize risks, requires careful attention to both the design and execution of an experiment. Finally, despite efforts to prevent incidents (accidents) and exposure in the laboratory, it is prudent to prepare for them. Thus, we present the fourth principle: prepare for emergencies.” Hill, R and Finster, D. Laboratory Safety for Chemistry Students, John Wiley & Sons, Inc.: Hoboken, New Jersey, 2010, pp 1–7.

Hill and Finster describe their four principles as RAMP—Recognize, Assess, Minimize, and Prepare—and the use of these principles is expected to lead to an accident-free classroom.

	Generating general safety understandings for the laboratory setting is the responsibility of the teacher. The following are some of the essential requirements to ensure a safe chemistry classroom:

	General safety rules

	There are many resources to guide the classroom teacher in adopting an appropriate set of safety rules for a given laboratory setting. The list of rules can be extensive. It is recommended that the list for the students be manageable and specific for a particular setting and course. Not only should a set of guidelines be given and explained to students, but it is important to provide a safety contract for the students and parents to sign. This provides the evidence that you, the teacher, take safety seriously and you have a plan for operating a safe laboratory setting. In an effort to ensure that the students not only have read the safety guidelines but also understand them, it is recommended that each student demonstrate their knowledge on an assessment such as a quiz. This further emphasizes the fact that the students are familiar with the safety expectations in the lab and that the teacher emphasizes a culture of safety. 	

	Globally Harmonized System (GHS) symbols

Teachers and students should be familiar with these symbols and their meanings.
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	Symbol
	Usage

	[image: GHS-pictogram-explos.svg]
	Explosive
· Explosives
· Self-Reactives
· Organic Peroxides

	[image: GHS-pictogram-flamme.svg]
	Flammable
· Flammables
· Pyrophorics
· Self-Heating
· Emits Flammable Gas
· Self-Reactives
· Organic Peroxide

	[image: GHS-pictogram-acid.svg]
	Corrosive
· Skin Corrosion/Burns
· Eye Damage
· Corrosive to Metals

	[image: GHS-pictogram-rondflam.svg]
	Oxidizer
· Oxidizers

	[image: GHS-pictogram-bottle.svg]
	Compressed gas
· Gases Under Pressure

	
	

	Symbol
	Usage

	[image: GHS-pictogram-skull.svg]
	Toxic
· Acute Toxicity (fatal or toxic)

	[image: GHS-pictogram-exclam.svg]
	Irritant
· Irritant (skin and eye)
· Skin Sensitizer
· Acute Toxicity
· Narcotic Effects
· Respiratory Tract Irritant
· Hazardous to Ozone Layer (Non-Mandatory)


	[image: GHS-pictogram-silhouete.svg]
	Health Hazard
· Carcinogen
· Mutagenicity
· Reproductive Toxicity
· Respiratory Sensitizer
· Target Organ Toxicity
· Aspiration Toxicity

	[image: Environment]
	Environmental (Non-mandatory)
· Aquatic toxicity




(https://www.osha.gov/Publications/HazComm_QuickCard_Pictogram.html)

	Laboratory-specific signage

Instructors and students should have knowledge and use of laboratory specific signage such as the ones given below.

[image: ]The Fire Tetrahedron is a simple way of understanding the factors of fire. The four essential ingredients needed to have a fire are represented in the tetrahedron. The four ingredients are:
· Enough oxygen to sustain combustion
· Enough heat to raise the material to its ignition temperature
· Some sort of fuel or combustible material
· A sustained rate of rapid oxidation that produces a chain reaction(https://en.wikipedia.org/wiki/Fire_triangle)


The National Fire Protection Association (NFPA) hazard identification system,

The NFPA system, called the “Standard System for the Identification of the Hazards of Materials for Emergency Response” (NFPA 704), employs a diamond symbol to show the user the hazards associated with a specific chemical.(http://www.mica.edu/Images/EHS/nfpaexample.jpg)


The diamond is a quick visual representation of the health hazard, flammability, reactivity and special hazards that a chemical presents. The diamond is broken into four colored fields; blue, red, yellow and white. The blue, red and yellow fields which represent health, flammability, and reactivity respectively use a numbering scale ranging from 0–4. A value of zero means that the material poses essentially no hazard while a rating of four indicates extreme danger. The white field is used to convey special hazards.



[image: http://www.safetysign.com/images/catlog/product/large/M3347.png]The NFPA hazard sign for methanol might look like this:(http://www.safetysign.com/images/catlog/product/large/M3347.png)











	Assessing Each Experiment

It is essential for teachers to spend time planning and preparing for each experiment and each demonstration. They should assess each experiment carefully before, during and after its execution. Below are some guidelines for assessing a given experiment.

Before the experiment:
1. Know what you are working with. You should always identify the substances you are working with.
2. Find and evaluate hazard information using the information found in the Safety Data Sheets.
3. Ensure the proper concentrations were prepared.
4. Ensure the bottles were properly labeled.

During the experiment:
Students should be closely and carefully supervised in the laboratory at all times.
1. During the pre-laboratory lecture, discuss potential hazards of the chemicals, safety considerations of the lab, proper use of personal protective equipment (chemical splash goggles and aprons or lab coats), methods of disposal of waste, and emergency procedures specific to the experiment.
2. Students and instructors must wear goggles, aprons and closed toed shoes. Long hair and dangling clothing must be pulled back.
3. Be aware of students’ handling of chemicals, use of equipment and good housekeeping procedures.

After the experiment:
1. Students should return any chemicals to the appropriate location or dispose of them according to the instructions. They should clean any used glassware and wipe down the lab table.
2. The Instructor should return glassware and equipment. Ensure that: all reagent containers are clean, closed and stored properly; disposal of chemicals is correctly handled; and the laboratory is left clean and dry.



Chemical Hygiene Plan

Every school should have a Chemical Hygiene Plan, a CHP. This is the plan to help protect people working in a laboratory setting. You should be familiar with your school’s CHP. It should be readily available to all. The components of a CHP are listed below:
· Standard operating procedures involving use of hazardous chemicals
· Criteria to determine and implement control measure to reduce employee exposure to hazardous chemicals
· Requirements to ensure control measures perform properly
· Employee information and training
· Operation requiring prior employer approval
· Medical consultation and examinations
· Designation of chemical hygiene officers
· Requirements for handling particularly hazardous chemicals
· Designated areas
· Containment equipment
· Procedures for safe removal of contaminate waste
· Decontamination procedures	
The information listed above was taken from Hill, Robert H and Finster, David C. Laboratory Safety for Chemistry Students, Wiley, Hoboken, N.J., 2010, pp 3–48.

Note: Much of the information in this section is modified from a draft of the Safety Guidelines for Secondary School Science Education produced by the American Chemical Society Safety Task Force.

More on hazards vs risk

	The terms hazard and risk are frequently used interchangeably but there is a distinct difference.

	Hazard is any source of potential damage, harm or adverse health effects on someone under certain conditions at work.

Examples of Hazards and Their Effects
	Type of Hazard
	Example of Hazard
	Example of Harm Caused

	Thing
	Broken glass
	Cut

	Substance
	Potassium hydroxide
	Blistering of skin

	Source of energy
	Bunsen burner
	Burn

	Condition
	Wet floor
	Slip or fall



Risk is the chance or probability that a person will be harmed or experience an adverse health effect if exposed to a hazard.

A simple example is a wet floor is a hazard but the risk of falling would be reduced by placing signs warning of the wet floor.

Whenever preparing for a laboratory activity or demonstration one should always preform a risk assessment. According to OSHA:
Risk assessment is the process of:
· Identifying hazards.
· Analyzing or evaluating the risk associated with that hazard.
· Determining appropriate ways to eliminate or control the hazard.
(http://www.ccohs.ca/oshanswers/hsprograms/hazard_risk.html)

[bookmark: _Toc212568419][bookmark: _Toc436744453]Connections to Chemistry Concepts (for correlation to course curriculum)

1. [bookmark: _Toc212568420]Chemical Safety—Throughout this article the importance of safety in the chemistry classroom is stressed. It emphasizes the importance of knowing the hazards of the material being used and assessing the risks they pose. The article cites how to learn about the hazards of a substance by using its Safety Data Sheet.
2. Chemical reactions—The combustion of methanol is the focus of this article, but any combustion reaction done in the classroom/lab has its own hazards.
3. Combustion—The requirements for combustion are explained, including the fact that the vapor, not the liquid, is what burns. Explanation of a flash point, fire point and autoignition are included in the article as well.
4. Chemical and physical properties—The chemical and physical properties of methanol (and any other substance) is described in its Safety Data Sheet.
5. Kinetic energy and evaporation—The article describes that as the temperature increases the average kinetic energy increases. When the molecules have enough kinetic energy to escape the attractive forces between molecules in the liquid phase, the molecules are able to evaporate and enter the vapor phase.

[bookmark: _Toc436744454]Possible Student Misconceptions (to aid teacher in addressing misconceptions)

1. “All Safety Data Sheets for a given substance are the same.” Since each manufacturer or supplier is responsible for writing the SDS for a substance, they do vary. The format is now standard but the information does vary to some degree. Compare the following SDS for methanol:
http://www.flinnsci.com/Documents/SDS/M/MethylAlcohol.pdf, from Flinn Scientific,
http://www.labchem.com/tools/msds/msds/VT430.pdf, from Val Tech Diagnostics, Inc. and
http://www.sigmaaldrich.com/MSDS/MSDS/DisplayMSDSPage.do?country=US&language=en&productNumber=322415&brand=SIAL&PageToGoToURL=http%3A%2F%2Fwww.sigmaaldrich.com%2Fcatalog%2Fproduct%2Fsial%2F322415%3Flang%3Den, from Sigma-Aldrich.
Note that the variations in content may very well depend on the audience for which they are intended. Flinn Scientific’s SDSs are written for teachers; Val Tech Diagnostics, Inc. writes their SDSs mainly for suppliers and manufacturers; and Sigma-Aldrich SDSs are geared toward chemists.
2. “Since ethanol is consumed when adults drink wine it must be safer than methanol.” Ethanol is less toxic than methanol, but still toxic. Methanol has an LD50 rat (oral) of 6,200mg/kg while ethanol has an LD50 rat (oral) of 10,470 mg/kg. (This simply means that it requires less methanol to kill a rat than ethanol.) Pure ethanol is just as flammable (flash point = 9 oC, versus 11 oC for methanol) and should be handled with the same kind of caution. Note that wine is not 100% ethanol (pure). It is only about 12% on the average. At this concentration the wine at room temperature will not ignite with a spark. Only if the wine is heated will the alcohol evaporate enough to be ignited with a spark.
3. “So, methanol’s spontaneous combustion is just like Human Spontaneous Combustion!” Methanol’s spontaneous combustion is due to its temperature reaching the liquid’s autoignition temperature, 464 oC. That’s the temperature at which it will spontaneously ignite, with no other source of heat, like a match or spark. I’ve read that human flesh will begin to burn at 1400 oF (that’s 760 oC), and that crematoriums run at 
1800 oF (982 oC). But those temperatures reflect how hot it has to be for it to burn at all, not the temperature at which it will spontaneously ignite, or autoignite.
For a human body to burn spontaneously it would need two things: intense high heat and a flammable substance. Under normal conditions, neither exist. There is no scientific evidence that Spontaneous Human Combustion (SHC) occurs. The majority of SHC cases involve people that have little mobility, either from poor health, old age or obesity, and have died in their sleep. The cases usually involve either candles, cigarettes or alcohol. It is believed that once they catch fire they are unable to move. As Benjamin Radford, M. Ed. writes:

Only about a dozen claimed real-life cases of SHC have been investigated in any detail. Researcher Joe Nickell examined many "unexplainable" cases in his book "Real-Life X-Files" and found that all of them were far less mysterious than often suggested. Most of the victims were elderly, alone and near flames (often cigarettes, candles, and open fires) when they died. Several were last seen drinking alcohol and smoking.

If the person is asleep, intoxicated, unconscious, infirm or otherwise unable to move or put the flames out, the victim's clothes can act as a wick (most people spend most of their time wrapped in flammable clothing made up of cottons and polyester blends). The flames draw on the body's fat (a flammable oil very near the skin's surface which combines with the burning clothing) to fuel the fire.

If SHC is a real phenomenon, why doesn't it happen more often? There are 7 billion people in the world, and yet we don't see reports of people bursting into flame while walking down the street. No one has ever been seen, filmed or videotaped (for example, on a surveillance camera) suddenly bursting into flames. It always happens to a single person left alone near a source of ignition.

(http://www.livescience.com/42080-spontaneous-human-combustion.html)

[bookmark: _Toc436744455]Anticipating Student Questions (answers to questions students might ask in class)

1. “As a student, where can I find the Safety Data Sheet for a chemical we use in the lab?” Your teacher should have access to the SDS for each substance that she uses in lab or in demonstrations. Your teacher should teach you how to read SDSs and make them available. It is always easy to locate them in an online search as well.
2. “In Section 5 of the SDS for methanol, it states that water will cause a methanol fire to spread. Why does this happen?” Water may not cool the fire to a temperature below methanol’s flash point. Since water is denser than methanol it will sink below the burning methanol, leaving the methanol exposed to oxygen in the air to continue burning. The temperature of the burning methanol will cause the water to turn to steam and in that process carry the burning methanol into the air.
3. “How do we know the information in the SDS is accurate, since it is written by the manufacturer?” The manufacturer wants to produce SDSs that are thorough and accurate. Providing inaccurate or false information could lead to serious harm and/or a lawsuit.

[bookmark: _Toc436744456]In-Class Activities (lesson ideas, including labs & demonstrations)

1. Flame tests are always fun and exciting for students. It is a wonderful way to teach about the atomic emission spectra of elements. But it must be done in a safe manner. One safe method for flame tests is done using wooden splints soaked in concentrated metal salt solutions. A procedure for this method can be found at http://www.nsta.org/publications/news/story.aspx?id=50902. The American Chemical Society recommends a similar procedure at http://www.acs.org/content/dam/acsorg/about/governance/committees/chemicalsafety/safetypractices/flame-tests-demonstration.pdf.
Another safe method is to use a platinum or nichrome wire dipped into metal salt solutions and then into the flame of a lab burner. A procedure for this can be found at http://imagine.gsfc.nasa.gov/educators/lessons/xray_spectra/activity-flame.html.
2. Showing a video of the flame test is an alternative to performing the actual flame test. This flame test video (8:28) also teaches how to light a Bunsen burner. (https://www.youtube.com/watch?v=o3nn4zqzf6M) More videos of the rainbow demonstration can be found in the “More sites on the rainbow demonstration”, below.
3. Flame tests are also routinely use to identity metal ions and identify unknown substances. This Flinn video (13:26) is an excellent example of such an experiment. It provides a clear method for setting up such an experiment in your classroom. https://www.youtube.com/watch?v=ZsvsptBQUVQ
4. An introductory lesson on laboratory safety is essential for all science classes. One interactive safety lesson could involve activities in a series of stations. This has a good example of the safety activities that could be set up at eight stations. (https://www.ocps.net/cs/services/cs/currareas/sci/IR/lessonplans/MID_LP/001Lab%20Safety%20Station%20Activity_0910.pdf)
5. It is important for students to know and understand laboratory safety rules. One way to create a culture of safety with students is to have them create a safety spider activity. Before students are given any laboratory safety rules, the students are put into small groups. In their groups the students are to generate eight safety rules and write them on the arms of the spider (see below). They are instructed to be prepared to discuss each rule and to provide a justification for it. As a class, the students discuss the rules they generated and from that discussion a set of class safety rules is created. The teacher may add her own rules if there are any that are omitted.



Laboratory Safety
Directions: In your group, generate a list of 8 safety rules. Be prepared to discuss them as a class.
Group Names:
1.
2.
3.
4.
1
2
3
4
5
6
7
8




































6. Safety demonstrations that emphasize the importance of wearing goggles are easy and effective. One such demonstration is to represent what would happen if acid got into your eye. Using a petri dish with an eye drawn on the bottom of it, an egg is cracked into it. It is then placed on the overhead projector stage and few drops of hydrochloric acid are added to the egg. Another demonstration is performed to show the effectiveness of goggles. A pie pan full of shaving cream is gently smashed into a volunteer’s face who is wearing goggles and an apron. Explicit directions for both these demonstrations can be found at https://www.flinnsci.com/media/621876/91803.pdf.
7. A valuable lesson would involve teaching students how to read a Safety Data Sheet. Flinn Scientific has a good handout that explains how to read the SDS at this site: https://www.flinnsci.com/media/1041084/how_to_read_an_sds.pdf. Another lesson involving the reading and understanding of Material Safety Data Sheets is given below. This activity could be easily modified to the new Safety Data Sheets. (http://links-for-teachers.ashe.schoolfusion.us/modules/locker/files/get_group_file.phtml?gid=1583705&fid=7244573)
8. To emphasize the importance of safety rules the teacher could perform the Flinn Safety Challenge. As described in their procedure: “A great way to show students that the safety rules make a lot of sense is to role-play what happens when the rules are deliberately ignored or violated. The purpose of the laboratory safety challenge is to have students witness lab procedures gone awry, and then use their observations to derive a common-sense set of safety rules.”
If the teacher prefers not to actually do the Safety Challenge, there is a video (12:55) that role-plays the poor use of safety rules. The complete instructions and video can be found at http://www.flinnsci.com/teacher-resources/teacher-resource-videos/best-practices-for-teaching-chemistry/safety/laboratory-safety-challenge/.
9. In teaching laboratory safety, it is important for students to be able to identify pieces of laboratory equipment and their uses. These two sites provide online quizzes for testing student’s knowledge of laboratory equipment: http://www.sciencegeek.net/Chemistry/taters/labequipment.htm and http://chemistry.about.com/od/testsquizzes/l/blglasswarequiz.htm.
10. A paper-and-pencil activity involving MSDSs, titled “Avoiding Chemical Warfare” can be found at http://www.uwsp.edu/cols-ap/polyed/Documents/PDF/exercises/chem_warfare.pdf. The activity has students describe and compare safety ratings for materials in household chemicals using SDSs (says “MSDS”, but can easily be modified to “SDS”) and RHFs (the NFPA diamond rating). This is similar to the Out-of-Class Activity described below.
11. You could assign students to obtain their own set of SDSs (from the Web sources you provided from this TG) for a specific lab experiment (assigned by you during the year), and you could provide a list of specific items you want to see them summarize from those sheets. Items could include: physical properties of each, chemical properties, hazards they might face as they do the experiment, and potential hazards they might develop later (hopefully, none). This would certainly enhance their understanding of the need for safe behavior in the lab.

[bookmark: _Toc436744457]Out-of-Class Activities and Projects (student research, class projects)

1. A good activity that could be conducted at home is to have students inspect the cleaning materials used in their home. They could take one or two items and, using the internet, find the Safety Data Sheet for each of the main ingredients in the products. From the SDSs they would report out the physical and chemical properties of the substances and their hazards and decide if the warning on the label of the product is sufficient, based on the SDS.
2. The students could work in small groups to create a safety video. The safety videos could be submitted and shown in the class and then critiqued by the class (and, if the video is good, it can be used by you for future chemistry classes).
3. Along those same lines the students could create their own role play like the Safety Challenge mentioned above and videotape it. It could be shown and discussed in class. The Safety Challenge can be found at: http://www.flinnsci.com/teacher-resources/teacher-resource-videos/best-practices-for-teaching-chemistry/safety/laboratory-safety-challenge/.



[bookmark: _Toc436744458]References (non-Web-based information sources)

30 Years of ChemMatters

Available Now!

The references below can be found on the ChemMatters 30-year DVD (which includes all articles published during the years 1983 through April 2013 and all available Teacher’s Guides, beginning February 1990). The DVD is available from the American Chemical Society for $42 (or $135 for a site/school license) at this site: http://ww.acs.org/chemmatters. Click on the “Archive” tab in the middle of the screen just under the ChemMatters logo. On this new page click on the “Get 30 Years of ChemMatters on DVD!” tab at the right for more information and to purchase the DVD.

Selected articles and the complete set of Teacher’s Guides for all issues from the past three years are available free online at the same Web site, above. Simply access the link and click on the aforementioned “Archive” tab.


Tinnesand, M. Material Safety Data Sheets: Passports to Safety? ChemMatters, 2006, 23 (3), pp 18–19. This article describes the purpose and uses of the MSDS.

The October 2006 ChemMatters Teacher’s Guide for the above article provides additional information on Material Safety Data Sheets, fire extinguishers and goggles. It has some additional ideas for activities for in and out of the classroom.

[bookmark: _Toc212568425][bookmark: _Toc436744459]Web Sites for Additional Information (Web-based information sources)

More sites on Safety Data Sheets

	A brief history of recording the hazards of chemicals is traced back to ancient times at this site: https://jrm.phys.ksu.edu/safety/kaplan.html

	At this Department of Labor site, OHSA explains each section of the SDS: https://www.osha.gov/Publications/OSHA3514.html.

	A concise discussion of SDSs is given at https://www.msdsonline.com/resources/ghs-answer-center/ghs-101-safety-data-sheets-sds.

	This site provides the “OSHA Quick Card” reference to the SDS:
https://www.osha.gov/Publications/HazComm_QuickCard_SafetyData.html.

	These two sites provide a comparison of the Material Safety Data Sheet and the new Safety Data Sheet. Both also provide a little history and why the change was made.
(https://www.msdsonline.com/blog/compliance-education/2012/08/20/from-msds-to-sds) and (http://www.dwt.com/OSHA-Takes-the-M-out-of-MSDS-and-Changes-Chemical-Labeling-Requirements-07-17-2013/)

	This site provides a variety of places to find SDSs: http://www.ehs.pitt.edu/chemical/msds.html.

	This Flinn site provides SDSs that were written by science instructors and are easy to use: http://www.flinnsci.com/msds-search.aspx.

More sites on the Occupational Safety and Health Administration

	The Department of Labor official site for OSHA can be found here: https://www.osha.gov/.

	A short history of OSHA is provided at this site: http://www.law.du.edu/thomson/AdminWiki/Labor_OSHA/EC77011AD85ABB5F713115C2C60D9CE9.html.

	A timeline of the accomplishments of OSHA can be found at https://www.osha.gov/osha40/OSHATimeline.pdf.

	This Department of Labor site provide the history of establishing OSHA and the evolution of the process. (http://www.dol.gov/dol/aboutdol/history/osha.htm)

More sites on methanol

	A description of methanol, its uses and applications, can be found at http://knowledgeoman.com/en/community-speaks/methanol-uses-and-applications-2.html.

	A short history of the production of methanol is given at this site: http://journeytoforever.org/biofuel_library/wood_alcohol.html.

	The chemistry of the production of methanol is explained at http://www.methanol.org/methanol-basics/overview/how-is-methanol-made-.aspx.

	The toxicity of methanol in bootleg liquor is discussed at this site: http://www.livescience.com/23305-bootleg-liquor-methanol.html.

The complete safety alert on the use of methanol in the rainbow demonstration that was issued by the American Chemical Society is given at this site: http://www.acs.org/content/acs/en/about/governance/committees/chemicalsafety/safety-alert-rainbow-demonstration.html.

	The Chemical Safety Board discussion of the hazards associated with the rainbow connection demonstration with methanol can be found at this site. It also gives a safer alternative for performing this activity. (http://www.rsc.org/eic/2014/09/methanol-demonstration-combustion-safety)

	At this site, the series of accidents as a result of using methanol is described by the Chemical Safety Board. It also provides suggestions for preventing such accidents. (http://www.csb.gov/csb-releases-key-lessons-for-preventing-incidents-from-flammable-chemicals-in-educational-demonstrations-in-wake-of-several-serious-methanol-accidents-that-injured-children-and-adults/)

	This video, “After the Rainbow” (4:54), tells the story of the accident that occurred in 2006 that severely injured a student. It is produced by the Chemical Safety Council as a safety message for the prevention of accidents in high school chemistry labs. (https://www.youtube.com/watch?v=g6vR0BdRCNY)

	NSTA provides procedures for safely handling alcohol in the laboratory setting at this site: http://www.nsta.org/safety/alcohol.aspx.

More sites on the rainbow demonstration and flame tests

CAUTION: The two rainbow demonstration listed here are provided for use in the classroom. It is HIGHLY recommended by the American Chemical Society Committee on Chemical Safety AND the U.S. Chemical Safety Board (and the ChemMatters Teacher’s Guide editors) that this demonstration NOT be performed in the classroom. It is much safer to show the video.

This 3:29 video clip shows the rainbow demonstration without audio, so that you can add your own lesson as you use it in your classes: https://www.youtube.com/watch?v=MDOOYZCDT3Y&feature=player_embedded.

This video clip (2:26) has audio with it, explaining how the rainbow demonstration works. A teacher could use this information as they show the video above, with their own “voiceover”. (http://wn.com/metal_flame_testing)

This short video (4:48) is another traditionally-executed flame test. The images are clear and the clip provides excellent color example of the metal ions Li, Na, K, Ca, Sr, Ba and Cu.
(https://www.youtube.com/watch?v=NEUbBAGw14k)

More sites on safety in the classroom

	At this site the American Chemical Society provides links to a wealth of safety information. It includes links to documents on safety for the elementary classroom, safety information for the chemistry teacher and their supervisors, and a safety code of conduct. It also includes safety documents for the college level. (http://www.acs.org/content/acs/en/about/governance/committees/chemicalsafety/chemical-safety-in-the-classroom.html)

	The School Chemistry Laboratory Safety Guide produced by the U.S. Consumer Safety Product Commission (CSPC), Department of Health and Human Services (DHS), Centers for Disease Control and Prevention (CDC), and National Institute for Occupational Safety and Health (NIOSH) can be found here: http://www.cdc.gov/niosh/docs/2007-107/pdfs/2007-107.pdf.

	This National Science Teachers Association site provide links to a variety of papers dealing with safety issues in the science classroom: http://www.nsta.org/safety/.

	At this site is a series of ideas for lesson plans dealing with teaching safety in the science classroom: http://mjksciteachingideas.com/safety.html.

	This Dartmouth University site provides information on safety, including safety rules, hazard and techniques. It also has a section on the proper use of chemical laboratory equipment. (http://www.dartmouth.edu/~chemlab/info/logistics/info.html)

	This site contains a clear and simple list of chemical equipment and its purpose. The pictures could easily be used by teachers in their classroom documents. (https://quizlet.com/74150354/lab-equipment-names-and-pictures-flash-cards/)

	OSHA provides a simple fact sheet that lists the requirements for a Chemical Hygiene Plan here: https://www.osha.gov/Publications/laboratory/OSHAfactsheet-laboratory-safety-chemical-hygiene-plan.pdf.

More sites on hazards vs risks

	A comprehensive guide to evaluating hazards and assessing risks in the science laboratory can be found at this site: http://www.ccohs.ca/oshanswers/hsprograms/hazard_risk.html.

	A clear discussion of hazard vs. risk can be found at this site: http://www.hsa.ie/eng/Topics/Hazards/.

	This video (5:30) provides an excellent explanation and examples of hazards and risks. It also discusses evaluating the hazard and assessing risk. (https://www.youtube.com/watch?v=PZmNZi8bon8)



[bookmark: _Toc436744460]A Moldy Situation: Chemistry to the Rescue
[bookmark: _Toc212568427][bookmark: _Toc436744461]Background Information (teacher information)
[bookmark: _Toc212568428]
More on fungi

	The Poppick mold article focuses on mold that developed in a house as a result of flooding. The presence of the mold was presented as a negative, producing bodily discomfort because of an allergic reaction in some people. Mold is a general term for a variety of fungi that are extremely important in nature, responsible for aiding in the recycling of carbon. Their “feeding” on other organic matter is the start of the recycling process. More will follow later on about the details of their chemistry. For the human condition, various classes of fungi are also very important as the source of a number of antibiotics, trading runny noses from an allergic response for a fungus-produced antibiotic to eliminate a disease-causing organism!

The term fungi is a name of one of five kingdoms of the biological world. The other four are the kingdom Plantae, the kingdom Animalia, the kingdom Monera (bacteria and blue green algae), and the kingdom Protista or Protoctista (single celled, eukaryotic organisms). The fungi are multicellular heterotrophs, which means they cannot make their own food as do plants, known as phototrophs. Because of this, fungi take in their food molecule-by-molecule external to their structural cells, which is extracellular digestion. This is the beginning of recycling of several important elements in nature, the most important being carbon, a major structural element of biological material.

Plants capture and integrate carbon from the atmosphere into their biological material, eventually becoming part of other biological material in animals that consume the plants. Fungi and bacteria also take up the carbon in plants through their chemical digestion processes.

The kingdom fungi is known to include at least 100,000 species. Examples of fungi from six major classes include the familiar black bread mold, powdery mildews, yeasts, morels, truffles, mushrooms, toadstools, puffballs, lichens (a mutual association between an algae and a fungus), and the economically important rusts (destroying many food crops, including wheat and corn). Yeasts are most often associated with the fermentation process and helping to form bread products. Certain mold types are the source of some antibiotics, most notably penicillin from the mold Penicilium notatum.

More on fungi as sources of antibiotics

	With the discovery of Penicillium mold (1928, Sir Alexander Fleming) as a source of an antibiotic against the bacterium Staphylococcus, research further explored other sources of antibiotics both from fungi and, as well, bacteria. It is thought that some fungi that possess antibiotic properties have actually acquired the antibiotic potential from bacteria by what is known as horizontal genetic transfer from a bacterium to a fungus. A variety of soil bacteria and fungi have been the source of a number of well-known antibiotics, including tetracycline (fungal-like bacterium), cephalosporins (fungal), bacitracin (bacterium), and streptomycin (fungal).

And some antibiotic properties in the fungus can be enhanced to a more potent compound through what is known as chemical modification. An example is Cephalosporin C - which has only mild antibiotic activity within the fungi. Following synthetic modification it was adapted to the antibiotic ceftobiprole which is currently being assessed in clinical trials.

(http://blogs.scientificamerican.com/lab-rat/fighting-bacteria-with-weapons-from-fungi/)

Filamentous fungi can produce a wide variety of secondary metabolites with antifungal, antibacterial or even insecticidal properties.

In order to survive, organisms produce small molecules known as “primary metabolites” which help it to grow, develop and reproduce. Examples include nucleic acid used to make DNA, amino acids to make proteins, and simple sugars. Once the organism is established it will often start to produce 'secondary metabolites'. Secondary metabolites are not vital for survival but have important ecological functions, for example fighting off invaders or increasing the likelihood of sexual reproduction.

(http://blogs.scientificamerican.com/lab-rat/fighting-bacteria-with-weapons-from-fungi/)

Related to bacteria that develop resistance to various antibiotics, be they of bacterial or fungal origin, is the finding that a compound produced by a forest soil fungus, Aspergillus, can reduce or eliminate antibiotic resistance in bacteria. Researchers have found that these resistant bacteria produce an enzyme labeled NDM-1 (stands for New Delhi metallo-beta-lactamase) which chemically inactivates various antibiotics by hydrolysis. The Aspergillus compound counters the NDM-1 enzyme’s effects. The molecule is called AMA (aspergillomarasmine A).

Once it was isolated, the researchers checked the chemical structure on a computer database and realized they had rediscovered a long-discarded compound, first identified in the 1960s as a cause of leaf wilt in plants. AMA works, not by killing the bacteria but, by turning off the resistance mechanism, making the bacteria vulnerable to an existing drug again. (http://www.cbc.ca/news/health/antibiotic-resistant-bacteria-disarmed-with-fungus-compound-1.2686293 ). The next step is to test for toxicity in humans and convince a pharmaceutical company to pursue further research, testing, and developing large scale production. Because of the problem of drug resistance in bacteria, many drug companies are moving away from developing new antibiotics.

More on how antibiotics work

Antibiotics produced both by fungi and chemical synthesis work on the various components of bacterial cells. These antibiotics are classified in a variety of groups, depending on their mode of antibacterial activity. For purposes of illustrating some of the mechanisms by which antibiotics neutralize bacteria, three representative categories include:
· Beta-lactam
· Macrolides
· Quinolones

Beta-Lactam

Beta-lactam antibiotics kill bacteria that are surrounded by a cell wall. Bacteria build cell walls by linking molecules together—beta-lactams block this process. Without support from a cell wall, pressure inside the cell becomes too much and the membrane bursts. Examples of beta-lactams include penicillin and cephalosporin, which are used to treat many types of bacterial infections.

Macrolides

Antibiotics in the macrolide group affect ribosomes, the cell’s protein-building machines. Ribosomes build proteins in both bacteria and human cells, but there are differences between bacterial and human ribosomes. Macrolides block only bacterial ribosomes and prevent them from building proteins. Since proteins do all the cell’s work, a bacterium that cannot build proteins cannot survive. Erythromycin, which is commonly used to treat respiratory tract and skin infections, is a macrolide.

Quinolones

Quinolones include antibiotics like ciprofloxacin and levofloxacin, which are used to treat infections like bronchitis and pneumonia. When bacteria begin to copy their DNA, quinolones cause the strands to break and then prevent the breaks from being repaired. Without intact DNA, bacteria cannot live or reproduce

(http://learn.genetics.utah.edu/content/microbiome/antibiotics/ )

More on carbon recycling

	The fact that many fungi and bacteria are found in soil is related to the vital role these two categories of microorganisms play in recycling chemicals found in plants and animals through chemical decomposition. Of particular importance is the recycling of carbon which is a key structural element in biological tissue. In particular we are talking about cellulose in plant material. Cellulose is found in the cell walls of plants and is responsible for the rigidity of plants, including such giants as the Sequoia trees.



(http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/C/CarbonCycle.html)

So, when plants (and animals for that matter) die, their chemical components will be returned to the environment (the ecosystem) if left in place in or on top of a soil surface. Each year about 135 billion tons of carbon atoms are “fixed”—converted from gaseous CO2 to solid organic compounds—by photosynthesis. Most of these carbon atoms are returned to the atmosphere each year by the combined activities of plants, animals and microorganisms. The chemical decomposition done on detritus by bacteria and fungi is their “feeding” process. When you see mold growing in the aftermath of the flooding of a house, you are witnessing the mold feeding off the furniture, magazines, carpet backing, and wall coverings! This feeding process is a chemical recycling by the fungi.(http://www.biotek.com/resources/articles/enzymatic-digestion-of-polysaccharides-2.html)


For plant material, the primary component is cellulose, the carbon-based macromolecule that was produced through photosynthesis and carbohydrate (glucose) synthesis utilizing the carbon dioxide of the atmosphere as the carbon source. Cellulose is a polymer synthesized from the glucose of photosynthesis. Digestion by a variety of enzymes in the fungus returns the cellulose to glucose molecules to be used for energy (see diagram at right).


The chemical digestion of plant material by fungi depends upon a specific array of enzymes. The enzymes often work in tandem; some are responsible for cleaving the cellulose molecule on the ends (exocellulases), others enzymatically degrade portions of the interior of the molecule (endocellulases). A second important molecule associated with cellulose is called lignin and is found in woody plants. It is the second most abundant organic polymer in the environment.
Lignin structure
(http://bugs.bio.usyd.edu.au/learning/resources/Mycology/Feeding/extracellDigestion.shtml#degradationLignin)

The lignin molecule is long-lived in the environment for two reasons. Lignin is a polymer of phenyl-propanoid units, with a variety of carbon-carbon, and carbon-oxygen linkages resulting in a complex structure. A variety of enzymes are needed to completely degrade lignin. These can be classified into two functional groups: lignin peroxidases and manganese peroxidases. Each species of ligninolytic fungi has its own array of enzymes, and these have different overall oxidative characteristics. Secondly, the enzymes are only induced in the absence of readily available nutrients … The fungi with ligninolytic potential are more common in the Basidiomycotina (shelf fungi, mushrooms, toadstools) than any other group. Generally, lignin is broken down slowly because the fungi able to degrade the material are uncommon and the environments highly competitive. Even so, most lignin is removed within 7 - 12 months of deposition in arable soil.

(http://bugs.bio.usyd.edu.au/learning/resources/Mycology/Feeding/extracellDigestion.shtml#degradationLignin)

When scientists discuss global climate change, they often focus on the amount of carbon in the atmosphere and vegetation. But soil contains more carbon than air and plants combined. And this fact is related to the close association between soil fungi and plants (roots). Some types of symbiotic fungi can lead to 70 percent more carbon in the soil. The role of these fungi is currently not considered in global climate models. The majority of plants team up with fungi, exchanging plant carbon for soil nutrients supplied by the fungus. One major group of fungi that are involved in this plant root-fungus association is known as mycorrhizae. These fungi are intertwined with a plant’s tiny roots (root hairs), essentially providing a second set of roots that can absorb soil nutrients for the plant.photo of mycorrhizae with 
root hairs of a plant

(http://smithsonianscience.si.edu/2014/01/fungi-may-determine-the-future-of-soil-carbon/)


(http://www.bbc.com/news/science-environment-22462855)

More on fungi and fermentation

	Fungi are probably best known for their role in fermentation, a process humans have been familiar with for thousands of years. The particular group of fungi involved in the fermentation process is of the Ascomycetes collection, one of the largest and most complex of fungi. Included in this group are the yeasts used for making bread and wine. They are also very important in making large volumes of certain pharmaceuticals.

The yeast, Saccharomyces cerevisiae, is an important cell factory as it is used for production of several large volume products. Insulin and insulin analogs are by far the dominating biopharmaceuticals produced by yeast. Other important biopharmaceuticals produced by yeast are human serum albumin, hepatitis vaccines and virus like particles used for vaccination against human papillomavirus. The advantages of using yeast S. cerevisiae as a cell factory for the production of biopharmaceuticals are that this eukaryal model system enables production and proper folding of many human proteins. Furthermore, the proteins can be secreted to the extracellular medium and this facilitates subsequent purification.”

(http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3728191/)

In general the microbes used for fermentation grow in (or on) specially designed growth medium that supplies the nutrients required by the organisms. A variety of media exist but invariably contain a carbon source, a nitrogen source, water, salts, and micronutrients. In the production of wine, the medium is grape must, which is freshly pressed grape juice containing the skin, seed and pulp of the grape. In the production of bio-ethanol, the medium may consist mostly of whatever inexpensive carbon source is available. In recent years that has been corn, though more expensive than something known as switch grass. The importance of the nitrogen source is to provide the chemicals needed for the yeast cells to synthesize protein, nucleic acids, and other cell structural components.

Large scale production of pharmaceuticals using the fermentation process developed from the original desire to make penicillin available in large quantities because of its need for treating infections of various kinds during World War II. Sir Arthur Fleming’s work with the penicillin mold extract showed it to be effective against pneumonia, diphtheria, gonorrhea, meningitis, and scarlet fever. But he found that it was difficult to cultivate penicillin and the small quantities produced were unstable.

Fleming also believed that penicillin would not remain in the human body long enough to kill bacteria. Taken together, these facts convinced Fleming that penicillin would never be an important antibiotic for treating infections. For the next decade, penicillin remained a laboratory curiosity, until Howard Florey and a team of researchers at Oxford University demonstrated its potential life-saving properties. The researchers also discovered a method to purify penicillin and to keep it in a stable form. By 1940, clinical trials were underway and their success led to the hunt for a method to manufacture this “wonder drug.”

(http://www.acs.org/content/acs/en/education/whatischemistry/landmarks/penicillin.html)

Large vat fermentation for the production of penicillin had its origins in the work of several chemists who figured out how to mass produce a number of chemicals through the fermentation process.

The botanist Carl Wehmer discovered in 1893 that the Penicillium mold could produce citric acid from sugar. Later, J.A. Martin discovered that fermenting sugar could yield citric acid. But these were ideas ahead of their time because no one knew how to manufacture citric acid from these sources on a commercial scale. That is, until James Currie, a food chemist, discovered that citric acid could be fermented from certain strains of the mold Aspergillis niger combined with sugar.

(http://www.acs.org/content/acs/en/education/whatischemistry/landmarks/penicillin.html)

The next step toward the eventual large-scale fermentation process for producing an antibiotic occurred when James Currie became involved with the Pfizer Company in 1921 to solve the technical problems associated with large scale production of citric acid from fungal fermentation. Currie had to figure out how to provide enough air for the aerobic Aspergillis niger mold as well as controlling temperature, humidity and the quality of the mold spores. By 1929, the Pfizer Company and Currie were mass producing citric acid through large vat fermentation. This experience and, more importantly, the development of deep tank fermentation for producing gluconic acid formed the basis for eventually retooling deep tank fermentation to produce penicillin from the fermentation of the Penicillium mold.

The mass production of antibiotics began during World War II with penicillin and streptomycin. In the case of penicillin, it was necessary to develop an extraction process of the penicillin from the fermentation medium which proved to be difficult. The penicillin extract, which was only in a concentration of 4 parts drug per 10,000 of broth medium, was isolated from the growth medium by first freezing the mixture, then moving it to a vacuum drier which dehydrated the drug. After the war, Pfizer further refined the extraction process by using a crystallization procedure that eliminated various impurities of the wartime drug while producing a compound that was stable for years at room temperature.

Now most antibiotics are produced by staged fermentations in which strains of microorganisms producing high yields are grown under optimum conditions in nutrient media in fermentation tanks holding several thousand gallons. The mold is strained out of the fermentation broth, and then the antibiotic is removed from the broth by filtration, precipitation, and other separation methods.

(http://www.infoplease.com/encyclopedia/science/antibiotic-production-antibiotics.html)

More on using fungi to produce other drugs and chemical compounds

	Yet one more example of the role of fungi in the world of pharmaceuticals is the recent announcement that genetically modified (GM) yeast cells have been programmed to produce a morphine-like drug called hydrocodone. Currently, most morphine comes from the poppy plant. The alkaloid-containing plant extract is harvested from the mature seed pod which oozes the thick liquid containing the morphine. The reprogrammed yeast ferment sugar into the hydrocodone, close in molecular structure to morphine. The research was done by Christina Smolke, a bioengineer at Stanford-UC who reprogrammed the baker’s yeast’s genetic code by inserting some 23 different genes from a number of plants, rats, and bacteria to control the multiple steps needed to convert sugar in the fermentation process to hydrocodone rather than to ethyl alcohol and carbon dioxide. At this stage of the research, it takes 20,000 liters of yeast cells to produce one dose of hydrocodone! The next step for the researchers is to boost the efficiency of the GM yeast. The yields of yeast-based painkillers need to rise 100,000 times to challenge traditional opium poppy farming.
(http://www.theguardian.com/science/2015/aug/13/yeast-cells-genetically-modified-to-create-morphine-like-painkiller)

Several other uses for genetically engineered yeast cells include the production of an anti-malarial drug that is now done on an industrial scale with an annual output of 70 million doses per year by the French pharmaceutical company, Sanofi. The researchers have both modified the yeast’s DNA as well as its metabolism. At the University of Queensland's Australian Institute for Bioengineering and Nanotechnology, yeast cells have been genetically modified to produce limonene, the oil found in citrus fruit such as lemons and oranges. This particular oil, which is a natural disinfectant, is also the base for jet fuel. But because the limonene is also a natural disinfectant, its production by yeast cells also kills the yeast at a certain concentration! So the researchers had to develop a technological fix to prevent the yeast cells from being killed. The fix included inserting a gene into the yeast cell that made the yeast more resistance to the effect of the limonene concentrations. They also removed the oil as it was being produced to keep the concentrations of limonene low enough for the yeast cells to survive.

More on fungi for lithium batteries

An October 2015 article in the science journal Nature (http://www.nature.com/articles/srep14575), reports on the development of a lithium battery that uses Portabella mushroom tissue in place of nanocarbon graphite for the electrodes. The design of the battery has already been patented but is still not operational on a large scale. A summary article explains the rationale for using mushroom tissue in the battery.

In a normal lithium-ion battery, you have a positive and a negative electrode - also known as the anode and the cathode. These electrodes move the charged lithium atoms back and forth, either releasing or storing energy depending on the direction.

Traditional anodes are made from synthetic graphite, which works well enough, but is expensive to make and has to be treated with harsh chemicals, including hydrofluoric and sulfuric acids - a process that produces a whole lot of hazardous waste. So researchers have become interested in replacing the synthetic graphite with something cheaper and more environmentally friendly.

And a team at the University of California, Riverside decided that mushrooms might be a good alternative, because they're incredibly porous. That means they have a lot more space for the lithium ions to move into, and therefore a lot more potential to store and transfer energy.

(http://www.fungifuturi.nl/blogs/blog/researchers-just-made-batteries-from-mushrooms-and/)

More on fungi and cheese making

	Most people are at least aware of the fact that certain fungi are responsible for producing a variety of cheeses, including Roquefort, camembert, and Stilton. Different brands of "Roque-fort" cheese all contain the same mold, Penicilium roqueforti, but are made with different kinds of milk. Camembert cheese contains the mold Penicillium camemberti. Stilton cheese uses the mold, Penicillium glaucum.

A general procedure for making cheese includes the following:
· Previously cooled milk is piped into large vats where it is warmed, then mixed with salt and rennet. Rennet is an enzyme made from another mold, Mucor pusillus, which coagulates the milk. Solids (curds) are then separated from the watery portion (whey). Curing depends on the correct temperature and humidity.
· Depending on the type of cheese to be produced, an inoculum of a fungus is added. The fungus, if present, develops in the veins created and spreads throughout the cheese. The mold breaks down the fat and protein in the cheese so that it matures more quickly and has a fuller flavor. In the case of Stilton and Limburger cheeses, a bacterium is also added to change the lactose in the milk to lactic acid.

Other so-called “blue cheeses” include the Greeks Kopanisti which is known for its woody and peppery taste. The Norwegians have Gammelost, which is a low fat cheese made from skim milk. Each one is unique because a slightly different recipe is used in its manufacture, but all require the Penicillium roqueforti mold. The famous limburger cheese (“stink” kase [for cheese], in German!) also depends on P. roqueforti.

More on fungal diseases

	 The Poppick article mentioned the fact that the mold in the previously flooded house caused allergic reactions in one of the occupants. This may be the more common type of medical problem from exposure to the spores produced by mold. However, there are a number of very common medical conditions other than allergies produced by a variety of fungi. They include a whole series of conditions lumped under the term “ringworm”. In fact, of course, there is no worm as the causative agent. But the symptoms of itching and redness mimic the effects of a microscopic worm.

Ringworm, which means “skin fungi”, has the scientific name of Dermaphytoses. Approximately 40 different species of fungi can cause ringworm; the scientific names for the types of fungi that cause ringworm are Trichophyton, Microsporum, and Epidermophyton. The treatment for ringworm depends on its location on the body and how serious the infection is. Some forms of ringworm can be treated with non-prescription (“over-the-counter”) medications, but other forms of ringworm need treatment with prescription antifungal medication. Ringworm on the skin, like athlete’s foot (tinea pedis) and jock itch (tinea cruris), can usually be treated with non-prescription antifungal creams, lotions, or powders applied to the skin for 2 to 4 weeks. Ringworm on the scalp can’t be treated with these products. One has to swallow a pill that is taken for 1–3 months. (http://www.cdc.gov/fungal/diseases/ringworm/treatment.html)

A separate medical condition that can occur from exposure to certain types of toxic molds that produce poisons, called mycotoxins,

… can cause fatigue, nausea, headaches, eye irritation, and respiratory problems. Stachybotrys mold, also known as black mold, has been known to cause fatal lung bleeding in infants when combined with environmental cigarette smoke.
Toxigenic molds present the all same health problems as other molds, including allergy symptoms in sensitive individuals. Additionally, in some cases, highly toxigenic molds like
Stachybotrys and Chaetomium have been blamed for fatigue, nausea, headaches, pulmonary hemorrhage, chronic bronchitis, multiple sclerosis, lupus, cancer, fibromyalgia, rheumatoid arthritis, learning disabilities, memory loss, and death. Since they can cause neurological damage, mycotoxins are also neurotoxins, and they have allegedly been used as biological weapons.

(http://www.achooallergy.com/learning/mold-faq)

More on the science of cleaning, disinfecting, and sanitizing

The Poppick article mentioned how the victims of the flooding had to clean up after mold took over much of the house’s furniture and furnishings. The U.S. Environmental Protection Agency (EPA) recommends using both a non-ammonia based cleaner and a disinfectant such as Clorox®. Non-ammonia detergent includes regular soaps or commercial cleaners (phenolic or pine-oil based). Using a disinfectant such as a 10 % solution of chlorine bleach is made with 1-1/4 cups of bleach to a gallon of water. (For the details on this information, refer to https://www.fema.gov/pdf/rebuild/recover/fema_mold_brochure_english.pdf.)

A very extensive document from the EPA (http://www2.epa.gov/sites/production/files/documents/ece_curriculumfinal.pdf) for people running preschool facilities provides important information about the different chemical agents available for the three categories of cleanup—cleaning vs. disinfecting vs. sanitizing. There is not only specific chemical information about the agents available, but also their impact on the health of those persons using the agents and any environmental hazards created when the chemicals are disposed. The document provides an extensive category of cleanup agents and their impact on the environment. This document distinguishes between the three categories of cleanup in terms of what they do as well as what they don’t do.

Actual cleaning reduces germs, dirt, and impurities in order for disinfectants to work more effectively. Soap or detergents and water physically removes bacteria from a surface but do not necessarily kill the germs. The EPA, from its testing, claims that cleaning agents plus microfiber remove up to 98% of bacteria and 93% of viruses.

Sanitizing is the use of a chemical product or device (dishwasher or steam mop) that reduces the number of germs on surfaces to a level considered safe, killing most germs but not all of them. A sanitizer should reduce bacteria by essentially 100% (99.999%) within 30 seconds.

Disinfecting uses chemicals to kill 99.999% of bacteria on hard, non-porous surfaces or objects. They and sanitizing agents cannot be used on porous surfaces like carpets and upholstery. It should be noted that disinfectants are classified as pesticides. Therefore they, like antibiotics, should only be used for specific tasks in which the agent is known to be effective. Overuse against microbes has created resistant organisms over time.

To better make choices of cleanup agents that are safe for the environment and for personal health, there are several testing agencies that certify cleanup products that have been determined to be safe to use. Their standards prohibit or limit chemicals that can cause the following:
· Cancer and reproductive harm
· Asthma
· Corrosive damage to the skin and eyes
· Toxicity to fish and other aquatic animals
· Indoor air pollution and other environmental and health problems

The three main certification agencies are:
1. EcoLogo—An underwriters laboratory based in Canada. They have a Web site listing certified cleaning products at www.ecologo.org/.
2. Green Seal—A list of certified products is found at their Web site, www.greenseal.org.
3. Design for the Environment (DfE)—A U.S. EPA-run program that certifies both institutional and retail/consumer products. A list of DfE-certified products is available at www.epa.gov/dfe/products.

[bookmark: _Toc436744462]Connections to Chemistry Concepts (for correlation to course curriculum)

1. [bookmark: _Toc212568429]Phase change—Damp houses provide moisture in the air, through evaporation of surface water, which is needed for mold to grow. Heating the air increases the moisture in the air, whether from flooding or leaking pipes. Cooling the air, as with a de-humidifier, causes condensation of the water vapor.
2. Temperature’s effect on reaction rate—The rate of evaporation of water in a house can be slowed down by lowering the temperature. This will slow/stop mold growth.

[bookmark: _Toc436744463]Possible Student Misconceptions (to aid teacher in addressing misconceptions)

1. “Simply hosing down (power wash) the interior of a flooded house will take care of any mold in the building.” Simply washing the various surfaces (walls, floors) in the house will not prevent additional mold from growing. The recommended procedure is to first wash all surfaces with a detergent solution plus a microfiber cloth (good absorber) to remove the layers of mold and dirt. This is followed by the use of a sanitizing agent or device (dishwasher, steam mop) on hard surfaces. Additionally, a disinfectant (10 % Clorox) can be applied to any hard surfaces.

[bookmark: _Toc436744464]Anticipating Student Questions (answers to questions students might ask in class)

1. “What if I'm not allergic to mold, will it still affect me?” Yes. One very serious byproduct of mold colonization and growth are mycotoxins. Mycotoxins are powerful agents that many link to "sick building syndrome". More to the point, mycotoxins can cause a range of symptoms in even healthy adults and children. This array of toxic byproducts has even been known to cause death in some of the most severe cases. (http://www.achooallergy.com/learning/mold-faq)
2. “Which kinds of mold are allergenic?” Not all molds are allergenic. As with pollen, certain mold spores are allergenic because they are small enough to float in the air and evade the protective mechanisms of the respiratory system. The most common allergenic, indoor molds include Alternaria, Aspergillus, Chaetomium, Cladosporium, Fusarium, Mucor, Penicillium, and Stachybotrys. (http://www.achooallergy.com/learning/mold-faq)
3. “Is exposure to mold dangerous?” A 1999 Mayo Clinic study found that allergic fungal sinusitis (AFS) was diagnosed in 93% of cases of chronic rhinosinusitis (CRS), a condition that affects an estimated 37 million Americans. According to a 2005 study, exposure to mold in damp homes can double the risk of asthma development in children. (http://www.achooallergy.com/learning/mold-faq)
4. “How should I clean up toxic mold?” The act of cleaning mold can increase the airborne spore level by ten thousand times, which can result in severe illness and actually spread mold growth if done improperly. Such high levels of airborne mold spores warrant protective clothing, including gloves, goggles, and a HEPA (high efficiency particulate arrestance) respirator . If you suspect you have toxic mold in your home, then you should consider hiring a professional mold remediation expert to clean up the mold and safely dispose of it. (http://www.achooallergy.com/learning/mold-faq)
5. “Are fungi photosynthetic?” No, fungi do not have chlorophyll or other pigments for photosynthesis. They are heterotrophs which means they obtain their nutrients from the decomposition of other plant and animal organic matter for their maintenance, growth, and reproduction.

[bookmark: _Toc436744465]In-Class Activities (lesson ideas, including labs & demonstrations)

1. A very complete set of lab instructions for growing soil bacteria and fungi can be found at http://www.colorado.edu/Outreach/BSI/pdfs/microbes.pdf. Besides these instructions, there are procedures for testing to see if these isolated microorganisms possess antibiotic activity. A supportive teacher’s guide is also available at the Web site.
2. A lab exercise on fermentation has students test a number of variables (e.g., temperature, pH, substrate) that affect the fermentation reaction. Refer to http://www.math.unl.edu/~jump/Center1/Labs/FermentationExercisesforTeachers.pdf.
3. Another well-documented lab exercise on fermentation, with guides to post-lab analysis and class discussion is found at http://serendip.brynmawr.edu/sci_edu/waldron/. Graphing skills are required of students in their data analysis. Both student activity sheets (pdf) as well as a teacher guide (also pdf) are provided.
4. A more creative fermentation lab activity that has students develop procedures for testing other variables that may affect the reactions is found at https://biology.mit.edu/sites/default/files/Fermentation%20Lesson.pdf.
5. The degradation of plant cellulose into sugars (source of energy) is a major activity of fungi and some bacteria, which in turn recycles carbon through the biosphere. A major part of that carbon, as carbon dioxide, is incorporated into sugar molecules during photosynthesis. A lab activity, with student and teacher instructions, evaluates the breakdown of cellulose through enzymatic activity (using cellulase). This particular series of experiments is related to the importance of plant cellulose as a biofuel source. Refer to www.ei.lehigh.edu/eli/energy/resources/handouts/labs/biofuel_cellulose_lab_teacher.pdf.
6. A more involved lab activity (requires bacteriological techniques of students) has students cultivate potential antibiotic-producing microorganisms, then testing their ability or lack thereof for producing antibiotics. There is helpful teacher information for doing this lab activity. Refer to http://www.umsl.edu/~microbes/pdf/Bugs%20That%20Kill%20Bugs.pdf.
7. A reading and analysis activity for students uses the ChemMatters article, “The Case of Napoleon Bonaparte”, an investigation into the somewhat mysterious death of Napoleon, a political prisoner. This exercise provides students with both an interesting story but also the methods used in recent years to determine just what killed Napoleon. You can evaluate the students’ critical reading skills as well as illustrate the use of scientific evidence, both certain and uncertain. The article includes information about mold living on the special wallpaper in Napoleon’s living quarters. The mold’s biochemical digestion of the wallpaper’s special pigments emits arsenic gas. What is the conclusion as to what killed Napoleon? Was Napoleon murdered (arsenic poisoning from another source) or did he die from natural causes (stomach cancer)? What is the evidence? Because of how the subject matter is introduced to students, they might be misled in their conclusions unless they are careful readers. (Stone, C. The Case of Napoleon Bonaparte. ChemMatters, 1998, 16 (4), pp 4–6) [Editor’s note: I have used this article in the classroom as a reading exercise with questions for students’ written responses. Some students reach the wrong conclusion about Napoleon’s cause of death.]

[bookmark: _Toc436744466]Out-of-Class Activities and Projects (student research, class projects)

1. Although the ChemMatters article deals with the problems associated with the development of mold after a residence is flooded, in fact there are many other types of health problems associated with a major flood. Students could research and present these issues to the class given the fact that in the last few years there has been extensive flooding in various sections of the country, particularly in the South and Southwest.
Several good Web sites for investigation include the following:
a. “Floods And Flash Floods Emergency Information” (pages 1-3):
1)  http://www.medicinenet.com/script/main/art.asp?articlekey=225, begins with an introduction to a flood.
2) The second page of this three page document (http://www.medicinenet.com/script/main/art.asp?articlekey=225&page=2#inacar) deals with the practical aspects of preparing for and avoiding the dangers of flooding. But some of these guidelines are directly related to losing one’s life or suffering physical injuries because of having contact with flood waters.
3) Page 3, http://www.medicinenet.com/script/main/art.asp?articlekey=225&page=3, provides the practical steps to be taken after a flood, including checking your home utilities and working with local emergency personnel.
b. A second Web site deals with some health issues of the physical and emotional type that can occur during and after a flood. Although some of the information comes from recent floods in Britain, it is relevant to situations in the USA. Refer to http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1118941/.
c. Finally, an extensive treatise on any number of health issues (water borne diseases) that can accompany a flood situation, including nasty animals like snakes getting into your house, can be found at http://www.who.int/hac/techguidance/ems/flood_cds/en/.
2. Students could research and present to the class the relevancy of global warming to the spate of major storms, including hurricanes, and the resulting flooding that has occurred in many parts of the country. What is the evidence that all this storm activity is the result of global warming? Or is there no direct link to cause and effect? What is El Nino and how does it relate to the massive rain storms of late? Does global warming produce El Ninos?

[bookmark: _Toc436744467]References (non-Web-based information sources)

[bookmark: _Toc212568434]30 Years of ChemMatters

Available Now!

The references below can be found on the ChemMatters 30-year DVD (which includes all articles published during the years 1983 through April 2013 and all available Teacher’s Guides, beginning February 1990). The DVD is available from the American Chemical Society for $42 (or $135 for a site/school license) at this site: http://ww.acs.org/chemmatters. Click on the “Archive” tab in the middle of the screen just under the ChemMatters logo. On this new page click on the “Get 30 Years of ChemMatters on DVD!” tab at the right for more information and to purchase the DVD.

Selected articles and the complete set of Teacher’s Guides for all issues from the past three years are available free online at the same Web site, above. Simply access the link and click on the aforementioned “Archive” tab.


	This thorough article about the history behind the development of penicillin and its derivatives after Sir Alexander Fleming’s discovery of penicillin includes some discussion of the chemistry behind modifying the original (natural) penicillin structure to produce other analogs of the basic penicillin molecule. (Hozman, D. Penicillin. ChemMatters, 1987, 5 (2), pp 10–12)

	This article provides an overview of fungi which includes both their usefulness as well as their source of diseases in the plant world. (Goldfarb, B. Fascinating Fungi. ChemMatters, 1998, 16 (4), pp 7–8)

	Since antibiotics have their origin in both fungi and bacteria, particularly those found in soil, the large variety of antibiotics that have been developed since the discovery of penicillin has led to several problems, including overuse, drug resistance, and excess accumulating in the food chain. Addressing these various issues is this article: Herlocker, H. Antibiotics in the Food Chain. ChemMatters, 2000, 18 (3), pp .14–15.

[bookmark: _Toc436744468]Web Sites for Additional Information (Web-based information sources)

More sites on preventing excess exposure to mold

	A series of slides suggests a variety of ways to avoid exposure to mold for those who are allergic to various types of organisms. Refer to http://www.webmd.com/allergies/ss/ways-to-reduce-mold-allergies-slideshow.

More sites on disinfectants

A very extensive reference on cleaning, sanitizing, and disinfecting is found at http://www2.epa.gov/sites/production/files/documents/ece_curriculumfinal.pdf. Although written for a pre-school environment, the information is technical enough to include the chemical categories of various cleaning agents, what effect they can have if inhaled by adult users, and their hazardous nature if not disposed of properly into the environment.

A second informative guide from FEMA, “Mold and Mildew in Your Flood Damaged Home”, provides practical guidance for cleaning up your home after a flood, and is found at https://www.fema.gov/pdf/rebuild/recover/fema_mold_brochure_english.pdf.

More sites on the production of penicillin

	 A must-read, and interesting as well, is the development of the techniques for mass-production of antibiotics and other drugs using large vat fermentation techniques developed by Pfizer during WWII. A reference is found at http://www.acs.org/content/acs/en/education/whatischemistry/landmarks/penicillin.html.

	Another reference on the commercial production of penicillin with vat fermentation is found at http://www.news-medical.net/health/Penicillin-Production.aspx.

A technical, but readable (and informative) one-page explanation of the various chemical steps in the biosynthesis of penicillin derivatives is found at http://www.news-medical.net/health/Penicillin-Biosynthesis.aspx.

For a description of how penicillin works at the molecular level and how antibiotic resistance in bacteria develops, refer to http://www.news-medical.net/health/Penicillin-Mechanism.aspx. Included in this reference is the development of a synthetic penicillin that cannot be resisted by bacteria.

More sites on Fleming and the Nobel Prize

	Sir Alexander Fleming, along with Ernst Chain, and Sir Howard Florey, won the Nobel Prize in Physiology or Medicine in 1945 for their work on penicillin. Refer to the Nobel Prize site for details about each of these men and their contributions to developing usable penicillin as an antibiotic. The work of Chain and Florey in particular rescued penicillin from scientific neglect by Fleming and helped to make the antibiotic available in large enough quantities to be vitally important during WWII. Refer to http://www.nobelprize.org/nobel_prizes/medicine/laureates/1945/.

The incredibly skillful work of Dorothy Hodgkin, using X-ray crystallography, resulted in the determination of the molecular structure of penicillin. It took four years, but she cracked penicillin's complex and misleading structure in 1946. That knowledge would help manufacturers create semi-synthetic penicillins that have been more effective than the original, natural penicillin. Hodgkin was awarded the Nobel Prize for chemistry in 1964. Her biography as listed by the Nobel committee is found at http://www.nobelprize.org/nobel_prizes/chemistry/laureates/1964/hodgkin-bio.html.

More sites on the synthesis of penicillin V

A very extensive chapter on the history behind the discovery and development of penicillin as a major antibiotic in medicine can be found at http://www.scripps.edu/nicolaou/pdfs/Sample_Chapter13.pdf. The text has many illustrative details, including structural formulas for different semi-synthetic penicillins as well as how penicillin works at the molecular level.

Another complete description of the timeline for developing penicillin is found at http://archive.bio.ed.ac.uk/jdeacon/microbes/penicill.htm. Included in this reference are some of the steps for modifying the natural structure of natural penicillins by removing the acyl group to leave 6-aminopenicillanic acid and then adding acyl groups that confer new properties. A series of diagrams illustrate the chemical steps in the synthesis.

More sites on biological activity of fungi

	An extensive document from the Fungal Biology Web site at http://bugs.bio.usyd.edu.au/learning/resources/Mycology/Feeding/extracellDigestion.shtml provides a complete discussion about the various types of fungi involved in extracellular digestion of cellulosic material. Chemical information associated with the extracellular digestion, including specific enzymatic activity, is shown.

More sites on making cheese

	All the details about cheese making and the various fungi involved are found at http://www.botany.hawaii.edu/faculty/wong/BOT135/Lect16.htm.
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More on the history of geothermal energy

	The first human uses of geothermal energy probably occurred more than 10,000 years ago, when Paleolithic American Indians settled near and used hot springs for bathing and heating. Evidence also indicates that the springs were seen as a source of healing.

	Spas and public baths were built around hot springs. The oldest known spa was built on China’s Mount Li in the Qin dynasty in the 3rd Century BC. In the 1st Century AD, Romans used hot springs in the newly conquered territory of Aquae Sulis to supply public baths. The required admission fees for these baths constitute the first commercial use of geothermal energy. Another ancient hot tub, about a thousand years old, is located in Iceland, built by one of the original settlers there.

The first use of district heating to heat an entire community occurred in Chaudes-Aigues, France. Put into use in the 14th century, it is still in operation today. In 1892, Boise, Idaho was the first community in the U.S. to use district heating with geothermal energy as its source, followed a few years later by Klamath Falls, Oregon.

	The first use of geothermal energy for industrial purposes occurred in the 19th century (1827), when Francesco Larderel & sons used steam from the geothermal vents in Larderello, Italy to process boric acid from the volcanic mud and rock in that area. Later, in 1904, Prince Piero Conti used the same steam vents in the Larderello Fields near Pisa, Italy to produce electricity. The first geothermal power plant produced enough electricity to illuminate only five 5-watt lights. By 1913 a commercial plant using pure steam produced 250 kW of electricity, and by 1916 two plants were running that produced 3.5 MW each.

	Lord Kelvin had invented the concept of the heat pump in 1852. Three years later Peter von Rittinger created the first working heat pump. The first commercial heat pump was used in the Commonwealth Building in Portland, Oregon in 1946. The first heat pump to be used in an individual’s home occurred in 1948. The 1973 oil crisis caused people in Sweden to use heat pumps in many of their homes and commercial buildings, leading to worldwide acceptance of the concept. It’s estimated that today well over a million geothermal heat pumps are installed worldwide.

The first use of geothermal energy to produce electricity in the U.S. occurred in 1922 at The Geysers, California, when a geothermal power plant was constructed that produced 150 kilowatts (KW) of electricity to light street lights and buildings in The Geysers area Resort. This plant didn’t last long, as other sources of fuel to power electric power plants became available and cheap. Also, the steam used in this plant was very corrosive due to the minerals dissolved in the hot water, and this caused pipes to “rust out” very quickly.

	The first large-scale industrial power plant to produce electricity that relied on geothermal energy was constructed and operated by Pacific Gas and Electric at The Geysers, California, in 1960 and produced 11 megawatts (MW) of electricity. The plant operated successfully for 30 years, and many more plants cropped up in the same area.

	As more power plants were built at The Geysers, they eventually overused the steam pocket underlying the region that supplied the energy to run the turbines that generated the electricity, using steam faster than it could be regenerated underground. This resulted in several of the power plants being shut down and the remaining steam rerouted to the remaining plants. The owners then initiated the process of pumping back down into the wells processed wastewater from several cities in the vicinity. The wastewater restocked the underground reservoirs, was reheated and became steam that they could use in the plants.

	The restocking process guaranteed the sustainability of the region’s geothermal heat source to provide power for the plants well into the foreseeable future. Today there are more than 60 geothermal power plants working in the U.S., with many more around the world.

	But the story of geothermal energy as a heat source for energy production on Earth’s surface doesn’t stop there. Research on other types of geothermal energy systems, utilizing heat contained in bedrock, at far greater depths than hot springs or geysers, has been ongoing since the 1970s. You can find more on this topic in “More on Enhanced Geothermal Systems” later in this Teacher’s Guide.

More on the source(s) of geothermal energy

	OK, the article talks about all the heat available from geothermal energy for our use, but where does that energy come from? It turns out that it was—and is—a long time in the making.(http://www.zmescience.com/space/when-inner-core-formed-0432432/)
(image credited to Wikipedia, but this editor was unable to find the original illustration on the Wikipedia site)


The earth's core lies almost 4,000 miles (6,400 kilometers) beneath the earth's surface. The double-layered core is made up of very hot molten iron surrounding a solid iron center. Estimates of the temperature of the core range from 5,000 to 11,000 degrees Fahrenheit (F) [3,000–6,000 oC]. Heat is continuously produced within the earth by the slow decay of radioactive particles that is natural in all rocks.

Surrounding the earth's core is the mantle, thought to be partly rock and partly magma. The mantle is about 1,800 miles thick. The outermost layer of the earth, the insulating crust, is not one continuous sheet of rock, like the shell of an egg, but is broken into pieces called plates. These slabs of continents and ocean floor drift apart and push against each other at the rate of about one inch per year in a process called continental drift.

Magma (molten rock) may come quite close to the surface where the crust has been thinned, faulted, or fractured by plate tectonics. When this near-surface heat is transferred to water, a usable form of geother[mal]- energy is created.

(http://lsa.colorado.edu/essence/texts/geothermal.html)

Scientists know that the center of the earth is extremely hot—on the order of 4,000–6,000 oC. The rate of conductivity of that heat from the core through the mantle and out through the crust is excruciatingly slow. It occurs both by convection, heat passed through circulating fluids, as in the molten outer core conveying heat to the solid mantle, and by conduction, heat passed through non-circulating solid boundary layers, as the crustal plates. Conduction is, by far, the slower of the two processes. Since both these processes are slow, the earth has maintained much of its primordial heat, from when it was first formed.

	But, you may ask, where did the heat come from in the first place? There are several sources. First, when smaller astronomical bodies came together to form the “proto-Earth”, the process of accretion of these bodies produced enormous amounts of heat. Of course, some of that heat was likely lost as it was re-radiated into space, but a huge amount must have remained in the larger, coalesced body. In addition, the presently-accepted idea of how the moon was created involves the later collision of a relatively large body, perhaps the size of Mars, with the early earth. This collision would also have produced enormous amounts of energy—heat that mostly was trapped inside both bodies, thus increasing the temperature of Earth once again.

The next source of heat was actually generated within the planet itself as the denser material of the early molten (hot) earth began to sink toward the center to form the core. This descent of the more dense material (and concomitant rise of the less dense material) generated large amounts of heat via friction as the differing masses “slipped” by one another. This process is still happening today as the crustal plates pass one another.

The solid inner core of the earth is enlarging ever-so-slightly each year as the earth cools a bit and melted material from the molten outer core solidifies. Crystallization of the material of the molten core also plays a role in generating heat within the earth, as crystallization, changing from liquid to solid, is an exothermic process.

The final source of heat came from (and continues to come from) the nuclear decay processes believed to have occurred deep within the core, occurring in the mantle and primarily in the crust. Potassium-40, uranium-235, uranium-238, and thorium-232 are all radioactive isotopes and are all known to decay and generate heat in the process of radioactive decay. Their half-lives, listed in the table at the right, provide insight into why they are still today providing heat to the earth’s interior; they’ve been around for a long time.Isotope
Half-Life (years)
K-40
1.2 x 109
U-235
7.0 x 108
U-238
4.5 x 109
Th-232
1.4 x 1010



The actual abundances of these materials in the core and mantle at great depth is not known with any certainty, so precise calculations of the heat generated by their decay are impossible, and thus the amounts/percentages of heat emanating from Earth’s center attributed to nuclear decay vary among scientists, from very small percentages to as much as 90% of Earth’s heat. (The source article here provides more in-depth coverage of the calculated range of temperatures of the earth and how scientists arrived at those temperatures.)
(http://www.scientificamerican.com/article/why-is-the-earths-core-so/)

	The following is a table showing the nuclear decay series for U-238, U-235 and Th-232:



[image: http://4.bp.blogspot.com/_wg6cfmBqC24/S9RQBEBR-UI/AAAAAAAABIY/nlIRW42GVYM/s1600/decay_chains.gif]

(http://markusphotoblog.blogspot.com/2010/04/roman-lead-for-neutrino-physics.html)
(The citation above is for a blog containing this table; the editor can’t find the original source of this table.)

The other major source of terrestrial naturally-occurring radioactive material is potassium-40 (K-40). The long half-life of K-40 (1.25 billion years) means that it still exists in measurable quantities today. It beta decays, mostly to calcium-40, and forms 0.012% of natural potassium which is otherwise made up of stable K-39 and K-41. Potassium is the seventh most abundant element in the Earth’s crust; hence, there is a lot of K-40 there slowly decaying.

Potassium-40 decays into two different daughter isotopes, as follows:

	 and	

     Electron capture		      Beta decay

These two decay processes are shown in more detail in the diagrams below. At left is information regarding the two processes and their relative amounts; the right diagram shows the energy emitted when K-40 decays to Ar-40. The K-40 nucleus emits a large amount of energy (gamma radiation [γ]) as it decays to Ar-40. The K-40 to Ca-40 decay process is a β-emission, with much less energy emitted. This γ-emission from K-40 to Ar-40 is useful in determining when the K-40 isotope actually disintegrates into Ar-40.

[image: http://www.radioactivity.eu.com/en/site/images/DecayPotassium40_En.jpg]    [image: http://www.radioactivity.eu.com/en/site/images/Potassium40Argon_En.jpg]

(http://www.radioactivity.eu.com/en/site/pages/Potassium_40.htm)

More on natural geothermal (hydrothermal) systems

	The western part of the United States contains a vast region of hydrothermal vents and features, including The Geysers, Lassen National Volcanic Park, Yellowstone National Park, etc. These areas are locations where volcanic activity is prevalent, providing hot water heated by underground magma.

Although temperatures in these [magma-heated underground chambers] reach 300 °C or more, the water does not vaporize but remains liquid because it is under great pressure from the rocks and water lying above. (Note that under high pressures, the boiling temperature of water changes. For example, water at twice the atmospheric pressure boils at 121 °C—instead of 100 °C—and water at 10 times the atmospheric pressure boils at 180 °C!) The superheated water pushes its way up through openings, and, as the water rises, the pressure is reduced and the water begins to boil.

If the pressure decreases rapidly, the boiling water is released as steam, triggering a geyser eruption. But if the pressure is released more slowly or the opening on the surface is wide, the water bubbles to the surface into a pool of hot water, creating a hot spring (Fig. 1). The underground plumbing system for geysers is different from that of hot springs. In the case of a hot spring, the plumbing system is usually open enough to allow water to flow freely to the top (Fig. 1).

In a geyser, the plumbing system contains at least one narrowing, usually close to the surface. Water above the narrowing acts like a lid, helping to maintain the pressure on the boiling water below. So, when the geyser erupts, it blows off this lid and shoots upward, its size being determined by the width of the narrowing. The narrower the constriction, the higher the plume of steam. After a geyser erupts, the underground chamber is emptied, so surrounding cooler water starts moving downward to replace the erupted water, and the cycle of water accumulating underground and erupting begins again. The entire trip from the surface and back probably takes at least 500 years. The water erupting today fell as rain or snow about the time that Christopher Columbus was exploring the New World!

(Ruth, C. Letting off Steam. ChemMatters, 2009, 27 (2), pp 4–7)

More on locations of geothermal resources

	The Eboch article mentions that The Geysers in California was the site of one of the first U.S. geothermal power plant. Most geothermal activity in the U.S. is located in the western part of the country, hence it is logical that most geothermal power plants—present or future—would be located there. The map below shows where the geothermal systems are located in the U.S.

(http://www.nrel.gov/gis/images/geothermal_resource2009-final.jpg)



This map shows why the west is the logical place to site geothermal power plants (high underground temperatures at depth), and why the eastern half of the U.S.—if it is ever to have geothermal energy as a significant power source for plants generating electricity—will probably need to employ binary cycle systems, that use another, lower-boiling point liquid to act as the heat exchanger, rather than water. This minimizes the temperature differential needed between heat source and heat sink.(“Geothermal—The Energy Underneath Our Feet”, 2006, National Renewable Energy Laboratory; http://www1.eere.energy.gov/geothermal/pdfs/40665.pdf)


	To avoid the inference that the United States is the only country using and developing geothermal energy sources to produce electricity, the pie chart below shows the relative amounts of electricity that individual countries produce using geothermal energy.

Source: Marin Katusa, Chief Investment Strategist, Casey Research Group, 2009; 
Wired.com, http://www.wired.com/2009/03/devworldgreen/)


As with real estate, on a global basis, the key to geothermal sources of energy is “location, location, location”.

An important issue in creating geothermal power plants is finding areas that have practical access to underground heat supplies, such as where the earth’s tectonic plates meet and provide large amounts of heat close to the surface (see below image).
[image: http://www.energygroove.net/images/PlateTectonicsMapUSGS_000.gif]

Geothermal electric plants have until recently been built exclusively on the edges of tectonic plates where high temperature geothermal resources are available near the surface. The development of binary cycle power plants and improvements in drilling and extraction technology may enable enhanced geothermal systems over a much greater geographical range.

(EnergyGroove.net; http://www.energygroove.net/technologies/geothermal-energy/)

More on superheated water

Iceland is a prime example of a country that utilizes geothermal energy. It has a large supply of geothermal, coming from hot springs that are heated by underground volcanic magma. It uses this geothermal energy primarily for home and commercial heating by piping the hot water throughout its cities, but it proposes to develop more electrical generating power from geothermal energy (and from water power from rivers and waterfalls, which are fed by glaciers), so that it can use the electricity to electrolyze water. This will provide hydrogen gas, which it plans to use as a fuel to power its cars and buses—and boats for its fishing industry. The country has already transformed most of its commercial urban bus fleet to burn hydrogen.

It desperately needs this fuel as it has almost no coal, oil or natural gas deposits of its own and imports petroleum for fuel. And if the electrolysis process succeeds large-scale, Iceland may wind up exporting hydrogen to other countries, thus becoming an energy exporter, rather than an energy importer.

	As mentioned in the article, the hot, trapped water at great depths underground reaches temperatures that far exceed its normal boiling point of 100 oC
(at 1 atmosphere pressure). This is because the boiling point of water varies with pressure; the greater the pressure, the greater the temperature. The graph at right illustrates this phenomenon.(http://www.delvin.co.nz/CatOnLine/Pix/Steam%20pressure-Temperature.gif)


	Scientists and engineers have known and made good use of this relationship by heating water under greater-than-atmospheric pressures in order to get it to higher temperatures. This superheated water contains more thermal energy than the same amount of water at 100 oC, so it can do more work. Steam plants that use superheated water can be more efficient than a plant using water at normal atmospheric pressure because, when the pressure is released from the superheated water, the water will “flash” boil, releasing its heat of vaporization and then, with the water still above 
100 oC, it still contains more heat than water that boiled at 100 oC, so it has a larger heat differential and can do still more work.

That’s why some engineering firms provide online calculators that show the “saturation temperature” (boiling temperature), as well as numerous other properties of water and steam, at selected pressures (and vice versa, pressure at selected saturation temperatures). Here’s one link, for example: http://www2.spiraxsarco.com/esc/SS_Properties.aspx?lang_id=ENG&country_id=US. Information for the table below was taken from this link:



	Property
	At Pressure of
1.0 atm 
(101.3 kPa)
	At Pressure of 
2.0 atm
(202.6 kPa)
	At Pressure of 
3.0 atm 
(303.9 kPa)

	Saturation Temperature (Boiling Point) (oC)
	100.0
	120.7
	134.0

	Specific Enthalpy of Water
(kJ/kg)
	419.1
	506.6
	563.6

	Specific Enthalpy of Evaporation
(kJ/kg)
	2256.7
	2200.6
	2162.4

	Specific Enthalpy of Steam (kJ/kg)
	2675.8
	2707.2
	2725.9



	This table shows that water’s enthalpy increases with temperature, as does that of steam. Both of these will increase the energy content of superheated water when it goes through a steam power plant.

	Water that has been heated under pressure beyond its normal boiling temperature is stable as long as it remains under pressure, but if the pressure is reduced or released entirely (back to 1 atmosphere), the water will flash boil. This means that steam will form as bubbles and rapidly escape from the superhot liquid water. This is essentially what happens in geysers and fumaroles, when water from deep underground near magma has become superheated and rises through fissures in the rock. As it approaches the surface, the superheated water flash boils, pushing lots of very hot water with it and ahead of it as it erupts from the ground into a geyser.

	The effect of flash boiling is similar in effect, but not in origin or cause, to what happens when you open a soda can that’s been shaken up. The soda contains lots of carbon dioxide that was injected into the liquid under pressure. Shaking the can moves some of the carbon dioxide gas that was at the top of the can into the soda, where tiny bubbles lodge. When the tab on the soda can is pulled, those bubbles erupt from the can, taking liquid soda with them, just as the geyser spews both gas (steam) and liquid (water). Again, effect (spewing gas and liquid) is the same, not cause (boiling of superheated water due to release of pressure for geysers, release of supersaturated gas in the solution once pressure is released by opening the can for sodas).

More on types of geothermal power plants

	There are three main types of geothermal power plants in operation. Dry Steam is the simplest and oldest type of geothermal plant; Flash Steam is the most common type in operation; and the Binary Cycle plant is the latest version.

Dry Steam

The dry steam power plant design makes direct use of geothermal steam at 150°C or more. Cold water is pumped down the injection well deep into the earth. As the water meets hot rocks it turns to steam which is then extracted through the production well. This steam will then be fed directly to a steam turbine which will rotate a generator to produce electricity. The main problem with this design is that you must not pump too much cold water into the earth as this could cool the rocks too much resulting in the geothermal hot spot becoming depleted.

Flash Steam Geothermal Power Plants

The flash steam power plant design works in a similar way to that of a dry steam power plant only steam isn’t extracted through the production well. Instead, high pressure water that has been superheated to at least 180°C is extracted from deep within the earth through the production well. As the liquid flows toward the surface, the pressure decreases which causes some of the fluid in the well to separate or “flash” into steam. Once at the surface, the liquid is fed through a variety of systems that further reduce its pressure. This allows more of the fluid to “flash” into high-pressure steam which can then be fed into the steam turbine to produce electricity.

In modern flash steam power plants, any remaining liquid can be returned to the reservoir deep beneath the earth’s surface through the injection well. In addition, the steam that is used by the turbine can be passed through a condenser turning it back to a liquid which can then also be returned to the reservoir. All this careful management helps to reduce the possibility that a geothermal hotspot becomes depleted.

Binary Cycle Geothermal Power Plants

The binary cycle power plant design works in a similar way to that of the flash steam power plant although it can make use of water with a temperature as low as 57°C. It does this by passing the water by a secondary fluid that has a much lower boiling point than water. This process causes the secondary fluid to flash into steam and the steam is then fed to the turbine to produce electricity.

(http://www.clean-energy-ideas.com/geothermal/geothermal-power/geothermal-power-plant)

More on enhanced geothermal systems

	The Eboch article says three things are needed for geothermal systems: a heat source, permeability, and water. If we interpret the term “requirements” as being those needs supplied by nature, it turns out that the statement is not quite true. Research done since the 1970s by the U.S. Department of Energy (DOE) and the geothermal industry has shown that the only true requirement of nature is the heat source; science and technology can do the rest.



Hot Dry Rock (HDR) geothermal systems

	After the power plants that were built using steam from geysers and other volcanic structures, the DOE began research on extracting heat from deeper underground, at depths between 9,000 and 12,000 feet—extracting heat that did not come from already-existing reservoirs of superheated water. These projects used injection wells to inject high-pressure water (and other materials) into bedrock to lubricate existing rock fractures so that they slide and open, or to create new pores or fissures in the rock—in effect, hydraulic fracturing, very similar to the “fracking” done today to extract natural gas or to glean more oil from already-existing oil wells. The fluids used to fracture the rock resided in these fractures or pores temporarily, gaining heat from the rock at those depths. Then another well, the production well, was dug to retrieve those fluids that had been injected into the rock, fluids which were now, themselves, super-heated. This liquid, mostly water, became the heat source for new geothermal power plants. When the plants extracted the available heat from the fluid, it was re-injected back into the injection well to be reheated in the next cycle, thus providing a closed-loop energy system.(http://altarockenergy.com/wp-content/uploads/2013/06/misc_1.jpg)


	Notice that this heat source—from deep within the earth’s crust—is NOT the same as the surface sources found only in hydrothermal systems—those using existing hot water close to the surface as, for instance, in The Geysers. That type, the hydrothermal system, is very limited geographically; very few of these geological features exist on Earth, so developing these types of systems will never become widespread, and therefore there is little commercial impetus to continue research in those systems.

	Instead, the type of system being researched by the DOE, then called the Hot Dry Rock system, could theoretically be developed practically anywhere on Earth, since temperatures a few thousand feet underground are relatively the same around the planet. Thus the success of such a system could result in dramatic changes in the way electricity is generated globally. This means that there is much greater industry support (and funding) for research into this method of extracting heat from the earth.

Hot Dry Rock

The US DOE completed the first ever Hot Dry Rock (HDR) project at Fenton Hill, New Mexico in the 1970s and 80s. Scientists developed and flow-tested two separate fully engineered HDR reservoirs between 1974 and 1995. These reservoirs are unique in that they were totally confined, with only very small levels of water loss (5-10 gal/min) at their pressurized boundaries. Over the years, these two reservoirs demonstrated electricity generation from hot dry rock with associated and expected microseismicity, having magnitude < 1 on the Richter Scale.

These two test wells extracted hot water sufficient to drive turbines to generate electricity. The development and operation of the Fenton Hill reservoirs and power plants were not without their problems, but the projects proved the concept of the hot dry well as a source of hot water for electricity generation almost anywhere in the world. The problems eventually led to the shutdown of these wells, but the study proved invaluable in obtaining information that would be used to enhance technology in later deep well production of geothermal energy.

For very thorough coverage of the two Fenton Hill reservoir research projects, visit this site from OpenEI.org: http://en.openei.org/wiki/Fenton_Hill_HDR_Geothermal_Area#Fenton_Hill_HDR_Timeline.

Enhanced Geothermal Systems (EGS)

	After the limited success with the hot rock geothermal system at Fenton Hill, New Mexico, the DOE decided to suspend their support of that project. Due to the enormity of the heat source potentially available from geothermal energy, they did, however, realize the importance of continued research in geothermal energy. This time they invited industry to work with them in their research.

	The methods employed in the new research still involved tapping deep-earth heat, but they chose this time to call all their research efforts in this area as “enhanced geothermal” research.
	According to the Office of Energy Efficiency & Renewable Energy (EERE) of the U.S. DOE, their research on enhanced geothermal systems, done jointly with cooperating interested industries, realized the following accomplishment: “[EGS [p]rovided impetus and funding to the industry for collaborative feasibility studies to evaluate EGS as an energy source and to develop improved technologies for its use.”

	The significance of that accomplishment is as follows:

A significant portion of worldwide energy demand would be met by EGS if technology could be improved to allow its widespread development.
Existing hydrothermal resources could potentially be extended by using EGS technology to utilize heat in low permeability rocks on the margins of fields.
EGS development could eventually allow geothermal utilization in areas where the thermal gradient is much lower than it is in known hydrothermal areas.

And the industries involved in the research also reaped some rewards:

A new energy industry would be the result of successful EGS technology.
Current geothermal power producers would be able to turn some unproductive wells into injection or production wells.
(http://energy.gov/sites/prod/files/2014/02/f7/geothermal_history_3_engineering.pdf, p 6)

More on environmental concerns for geothermal power plants

	But geothermal is not without its risks. Several enhanced geothermal power plants have been shut down, or at least paused, due to concerns about earthquakes generated by the hydrofracturing of underground rock. The December 14, 2009 issue of Popular Science reports that two major geothermal projects, one in Switzerland and one in The Geysers in California, were shut down due to induced earthquakes. The Swiss project is reported to have been closed down after the area experienced more than 3500 after-quakes following a 3.4-magnitude quake that occurred in December 2006. (http://www.popsci.com/technology/article/2009-12/two-major-geothermal-projects-terminated-amid-quake-risk-questions) References in reports of seismic activity in The Geysers found online usually mention “micro-earthquakes”. (e.g., www.osti.gov/servlets/purl/1048267/)

	The New York Times published a lengthy article on June 23, 2009 titled, “Deep in Bedrock, Clean Energy and Quake Fears”, about both the Basel, Switzerland earthquake and the AltaRock Energy project in The Geysers region of California. Author James Glanz discusses the similarities between the methods used by both companies to obtain the heat from the earth. He also discusses the process of using high-pressure water to fracture rock deep down in the earth, and what the effects might be.

This information comes from the California Public Utilities Commission, 1999, in an environmental review done for the divestiture of four electrical generating companies by Pacific Gas & Electric, to come into compliance with a new state energy law:

The northern portion of the Geysers area (Unocal lease area) is extremely active seismically with earthquakes of relatively small magnitude (see Figure 4.3-2). Earthquakes occur at apparently random intervals rather than in related groups or swarms and generally have epicenters less than 20,000 feet deep. Seismic monitoring has demonstrated that the rate of earthquake occurrence increased as steam development increased from the 1960s to 1970s. Studies have revealed a correspondence between production wells, episodes of water injection, and earthquakes. Both steam production and injection of water to restore production may induce seismic activity (Parsons, 1996).

Baseline seismicity at the Geysers, before geothermal development began, is not well documented. It appears that the currently high rate of seismicity in the vicinity of the Geysers Geothermal Area began in the early 1960s, shortly after initiation of commercial steam power generation. Studies of induced seismicity in the Geysers area began in 1971, and by 1972 regional seismographic monitoring capabilities were established. At this time, numerous small earthquakes with epicenters in the Geysers area began to be routinely reported. Since 1975, more than 20,000 earthquakes with magnitudes ranging from 0.7 to 3.0 (Richter magnitude) and about 300 larger earthquakes (magnitudes ranging from 3.0 to 4.6) have been reported to originate at the Geysers.

(http://www.cpuc.ca.gov/Environment/info/esa/divest-pge-two/eir/chapters/04-03geo.htm)

More on other generating plants that use heat exchange technology

Although the focus in most of this Teacher’s Guide is on the source of energy to generate electricity, another facet of the process is the heat exchange technology. It might be interesting to note that nuclear reactors use heat exchange technology very similar to that used in geothermal power plants (or almost all electric power plants). There are two main types of nuclear reactors, boiling water reactors (BWRs) and pressurized water reactors (PWRs).


	The design of boiling water reactors is simpler than that of pressurized water reactors. In boiling water reactors, water is circulated in a closed loop around the reactor core (where fission occurs). Refer to the diagram at right. Steam is produced in the reactor and is piped outside the reactor building to a turbine, which is used to produce alternating current for use in factories, offices and homes. The steam is cooled by water circulating in a second, separate loop from a nearby river, lake or ocean, and the resulting water is cycled back to the reactor core where it absorbs heat produced by the nuclear reaction. The tall cooling towers that most people associate with nuclear power plants serve to remove waste heat from the river water in the second loop so that the water can be sent back into the river without causing thermal pollution of the river. The water that flows through the reactor is under a pressure of about 7100 kPa (70 atm). This water is also radioactive. Boiling water reactors have an operating efficiency of about 30%.Boiling Water Reactor, Nuclear Regulatory Commission
(http://www.nrc.gov/reading-rm/basic-ref/students/animated-bwr.html)


	Pressurized water reactors have three cooling loops (see diagram below). The first loop is similar to the one in boiling water reactors—water circulates around the fuel rods in the reactor core. The water in this loop is under a pressure of about 15,500 kPa (153 atm) and so does not boil—hence, pressurized water. This superheated (and radioactive) water flows into a heat exchanger where its heat is transferred to a second loop of water which is converted to steam to drive the turbine. As the steam is cooled it is condensed back to water by the external loop of water from an outside source (river, etc.) and cycled back, not to the reactor, but to the heat exchanger. Pressurized water reactors operate at a higher efficiency (about 32%) but are more costly to build. They are, however, considered safer.
[image: ]
Pressurized Water Reactor, Nuclear Regulatory Commission
(http://www.nrc.gov/reading-rm/basic-ref/students/animated-pwr.html)


(April 2010 ChemMatters Teacher’s Guide, pp 67– 68, to accompany the ChemMatters article: Shearer. D. Nuclear Reactors: A Safe and Clean Source of Energy? ChemMatters, 2010, 28, 2, pp 16–17)

More on the laws of thermodynamics

The common interpretation of the first law of thermodynamics is that energy cannot be created or destroyed. It actually says that, the total energy in an isolated system is constant; energy can change form, but it cannot be created or destroyed. Another way of saying this is that the change in internal energy of the closed system equals the amount of heat supplied to the system by the surroundings, minus the amount of work done by the system on its surroundings.

ΔU = q - w

where 	ΔU = change in internal energy,
q = heat added to the system from the surroundings, and
w = work done by the system on the surroundings

[Note: you probably learned this equation as ΔU = q + w. This is the equation preferred by IUPAC. The difference is in the interpretation of work. Physicists typically deal with work done by the system on its surroundings (making it –w), while typically in chemistry, positive work is work done on the system by its surroundings (making it – (–w), double-negative, or +w.]

The second law of thermodynamics states that the entropy of a system and its surroundings will always increase. The definition of entropy has been a stumbling block to a deeper understanding of the second law for years. Here’s another way to define the second law that includes a definition of entropy: “Energy of all types changes from being localized to becoming dispersed or spread out, if it is not hindered from doing so. Entropy change is the quantitative measure of that kind of a spontaneous process: how much energy has flowed or how widely it has become spread out at a specific temperature." (http://www.entropysite.com/entropy_isnot_disorder.html; note, the link does not connect)

Professor Emeritus Frank Lambert, of Occidental College, was a pioneer in changing the views of other chemists and chemistry textbook authors, to redefine entropy, from the disorder of particles in a system and its surroundings to the dispersal/distribution of energy in that system and its surroundings. He describes entropy this way: “Entropy measures the spontaneous dispersal of energy: how much energy is spread out in a process, or how widely spread out it becomes—at a specific temperature.” The article by Dr. Lambert, “Entropy is simple—If We Avoid the Briar Patches!” (http://entropysimple.oxy.edu/content.htm#top), provides teachers with a detailed discussion of the newer understanding of entropy, as a form of energy distribution/dispersal, rather than disorder of particles.

Professor Steve Lower’s (Simon Fraser University) online textbook chem 1 virtual textbook, at http://www.chem1.com/acad/webtext/thermeq/TE1.html, provides a detailed discussion of thermodynamics and the first and second laws of thermodynamics, geared to college students. He also uses the newer energy dissemination version of entropy.

	The Carnot cycle

The Carnot cycle provides an absolute upper limit on the efficiency of any thermodynamic cycle. If a cycle proceeds clockwise around the Carnot cycle shown below, taken from Wikipedia, it is acting as a heat engine that produces useful work, removing heat from a warmer source, doing useful work, and delivering waste heat to a cooler heat sink. This is sometimes referred to as a power cycle. If, on the other hand, the cycle operates with the addition of energy from an outside source, it will cycle counterclockwise around the cycle below. This reversed Carnot cycle is sometimes referred to as a heat pump and refrigerator cycle. The heat pump represents one such reversed-Carnot cycle, where outside energy is used to do work on the system, allowing the system (the heat pump) to take heat from the lower temperature heat source and transfer it to the higher temperature heat sink.

Wikipedia provides this discussion of the Carnot cycle:

The Carnot cycle when acting as a heat engine consists of the following steps:

1. [image: \Delta S=Q_1/T_1]Reversible isothermal expansion of the gas at the "hot" temperature, T1 (isothermal heat addition or absorption). During this step (1 to 2 on Figure 1, A to B in Figure 2) the gas is allowed to expand and it does work on the surroundings. The temperature of the gas does not change during the process, and thus the expansion is isothermal. The gas expansion is propelled by absorption of heat energy Q1 and of entropy from the high temperature reservoir.
2. Isentropic (reversible adiabatic) expansion of the gas (isentropic work output). For this step (2 to 3 on Figure 1, B to C in Figure 2) the mechanisms of the engine are assumed to be thermally insulated, thus they neither gain nor lose heat. The gas continues to expand, doing work on the surroundings, and losing an equivalent amount of internal energy. The gas expansion causes it to cool to the "cold" temperature, T2. The entropy remains unchanged.
3. [image: \Delta S=Q_2/T_2]Reversible isothermal compression of the gas at the "cold" temperature, T2. (isothermal heat rejection) (3 to 4 on Figure 1, C to D on Figure 2) Now the surroundings do work on the gas, causing an amount of heat energy Q2 and of entropy 
to flow out of the gas to the low temperature reservoir. (This is the same amount of entropy absorbed in step 1, as can be seen from the Clausius inequality.)
4. Isentropic compression of the gas (isentropic work input). (4 to 1 on Figure 1, D to A on Figure 2) Once again the mechanisms of the engine are assumed to be thermally insulated. During this step, the surroundings do work on the gas, increasing its internal energy and compressing it, causing the temperature to rise to T1. The entropy remains unchanged. At this point the gas is in the same state as at the start of step 1.
[image: https://upload.wikimedia.org/wikipedia/commons/thumb/0/06/Carnot_cycle_p-V_diagram.svg/1000px-Carnot_cycle_p-V_diagram.svg.png][image: https://upload.wikimedia.org/wikipedia/commons/thumb/b/b6/CarnotCycle1.png/400px-CarnotCycle1.png]
Figure 2: A Carnot cycle acting as a heat engine, illustrated on a temperature-entropy diagram. The cycle takes place between a hot reservoir at temperature TH and a cold reservoir at temperature TC. The vertical axis is temperature, the horizontal axis is entropy.
Figure 1: A Carnot cycle illustrated on a PV diagram to illustrate the work done.



(https://en.wikipedia.org/wiki/Carnot_cycle)





More on Gay-Lussac’s law (Amontons’ law, actually) related to the heat pump

Your students may wonder, “Why does compressing a gas increase its temperature?” (e.g., in the condenser of the heat pump, and the inverse effect in the evaporator)

	When one compresses a gas, one does work on the system containing the gas molecules. That means that energy is transferred from the surroundings to the system, which will increase the kinetic energy of the molecules, resulting in their faster motion. Temperature represents the average kinetic energy of the molecules, so temperature will rise.

A demonstration you could do in your classes to show the relationship between temperature of a gas and its pressure is the old “egg-in-the-bottle” trick. One description of this relationship is “Gay-Lussac’s Law”, which can be stated as: “The pressure of a given volume of gas increases when its temperature increases.” In the demonstration, on a molecular level, we can visualize gas molecules both inside and outside of the bottle, before it is sealed with the hard-boiled egg. The molecules travel around, colliding with other gas molecules, with the sides of the bottle, and any other objects around them. The molecules of air inside and outside the bottle are moving (collectively) at the same average speed.

Once the burning slip of paper is dropped into the bottle and the mouth of the bottle sealed with the peeled egg (you push it in snugly), the volume of the gas in the bottle is now a constant, as long as the bottle remains sealed with the egg. The energy from the burning paper increases the temperature of the gas molecules trapped inside the bottle. Those molecules now have increased kinetic energy, which causes them to move faster, resulting in more collisions both between molecules and with the sides of the container. This increases the pressure in the container. This increase pushes up the bottom of the egg and opens the bottle slightly, allowing some of the gas molecules to escape. This equalizes the pressure inside and outside the bottle. The egg drops back down into the mouth of the bottle, once again sealing it from the outside air.

After the flame is extinguished within the now re-sealed bottle, the temperature of the gas molecules in the bottle decreases, slowing their travel and decreasing the number of their collisions with each other and the sides of the bottle. This results in a decreased pressure within the bottle. The pressure outside of the bottle is now higher than the pressure of the gas molecules inside of the bottle, which allows the egg to be pushed all the way into the bottle.

The term “Gay-Lussac’s Law” brings up a historical point that may be interesting to share with students. Guillaume Amontons is rarely mentioned in connection with the law, although he was the one to first discover the described relationship between pressure and temperature in 1699. The Physics Hypertextbook (http://physics.info/gas-laws/) states “The experiment was repeated later by Jacques Alexander Cèsare Charles (1746-1823) in 1787 and much, much later by Joseph Louis Gay-Lussac (1778-1850) in 1802. Charles did not publish his findings, but Gay-Lussac did. It is most frequently called Charles’ law in the British sphere of influence and Gay-Lussac’s law in the French, but never Amonton’s law.”
Oct 2010 CM TG

An apparatus that more closely demonstrates the relationship between pressure and temperature (and not the other way around) is the fire syringe. This apparatus consists of a clear cylinder, closed at one end, and tight-fitting piston. A small bit of cotton or frayed paper is placed in the bottom of the cylinder, the piston inserted at the top, and very rapidly pushed to the bottom of the cylinder. The piston compresses the air in the cylinder to such an extent that its temperature rises to a sufficient temperature to actually ignite the cloth or paper. This is analogous to what happens in the compressor of the heat pump.

More on heat pumps

	A heat pump is a device that takes heat from one place and transfers that heat to another destination. In that respect, it works much like a refrigerator. Both heat pumps and refrigerators are considered to be “heat engines”—they operate to move heat from a cooler area (the heat source) to a warmer area (the heat “sink”). This transfer of energy from a cooler place to a warmer place runs counter to the second Law of Thermodynamics, which basically says that heat ALWAYS flows from a warmer location to a cooler location—spontaneous heat flow from warmer to cooler. So, in order to run the system “backwards”, both heat pumps and refrigerators must do work (in the physics sense) and expend energy. If they are running efficiently, they will extract more energy than they expend.

	It may seem counter-intuitive that a heat pump can extract heat from a cooler source, like soil and rock at a temperature of 55 oF (13 oC) to heat a house to 75 oF (24 oC), but that’s exactly what a heat pump does. Likewise, a refrigerator takes heat from inside the refrigerator at a temperature of 40 oF (4 oC) and expels it into the kitchen at a temperature of, perhaps, 75 oF. It’s important to note that, while the rock is at a lower temperature than the house, it still has heat; 13 oC is NOT absolute zero (-273 oC)! That means its heat is still available to heat something else. The heat pump extracts that heat and sends it into the house.

	It is the heat exchange mechanism, as described in the article, which actually makes the extraction of heat possible. The heat exchangers consist of the evaporator and the condenser, connected by the reversing valve and the expansion valve, all of which make the heat pump work. The heat pump uses a fluid (the refrigerant) with a low boiling temperature that can change phases with little temperature differential (the heat pump itself is more efficient if there is a small temperature differential between the heat source and the heat sink).

In the evaporator, the liquid refrigerant is cooled and extracts heat from another liquid, flowing through the underground pipes. This heat increases the temperature of the refrigerant which, having a low boiling point, begins to boil, absorbing even more heat as it changes phase (heat of vaporization). The heated gas then goes through the reversing valve to a compressor, which increases its pressure, causing another temperature rise. Now it flows to the condenser, where it cools, lowering its temperature and releasing heat, until it condenses. And as it condenses, it releases even more heat—its heat of vaporization. The released heat from all three processes (cooling, depressurizing and condensing) is transferred either directly to air that circulates in the home, or to a radiator with liquid in that heats the home. Once the cooled refrigerant has condensed, it is returned to the evaporator to begin the cycle anew.


(http://www.energygroove.net/technologies/heat-pumps/)

























The process for cooling in the summer reverses the flow in the heat pump. The reversing valve is simply turned 90o, allowing the refrigerant to flow in the opposite direction through the compressor. The cooling process begins by the warm air inside the building heating the refrigerant inside the condenser. This cools down the air, and this cool air is circulated throughout the building. The now-warmed refrigerant evaporates (boils, absorbing even more heat from the air) in the condenser, sending the gas through the (now-reversed) reversing valve. This sends the warmed gas into the compressor, where its temperature increases even more. The hot gas now flows through the evaporator (backwards) and is cooled by the relatively cooler liquid flowing through the external underground pipe loop. The heat picked up by the heat pump then transfers into the earth. The cooled refrigerant then re-enters the condenser to begin the cooling cycle again.

	The type of heat pump described in the article is the geothermal heat pump. It extracts heat from the earth to heat a home and, with the system reversed, it dumps heat back into the earth to cool a home. This type of heat pump requires a liquid (the refrigerant) with a relatively low boiling point that, when it absorbs heat, can vaporize or boil. The now-vaporized liquid flows into a heat exchanger and cools and condenses, transferring that previously absorbed heat to another location to heat a home or business building. To cool the same home, the heat pump is reversed and uses the heat inside the home to boil the liquid. The gas then travels back through the heat exchanger, and cools and condenses, providing heat which is then transferred back into the earth.

That heat may be derived from anywhere from 10 feet to hundreds of feet underground. And it can come from rock and other solid matter, or from water, either in wells, or lakes or ponds.

The article only mentions one type of heat pump, the geothermal or ground-source heat pump. But there are other types of heat pumps:
· Solar
· Absorption
· Air-source
· Ground-source
· Water-source
· Dual or Hybrid

Solar

	A solar heat pump is a bit of a misnomer, because it is still a normal heat pump. But the source of the energy to drive the compressor and other pumps is solar energy. This type of heat pump requires photovoltaic solar panels on the roof that convert the sun’s energy into electricity. Instead of taking (and paying for) electricity off the power grid, you can use the solar-generated electricity to power the heat pump. But the heat pump is still a typical heat pump. And solar is only really useful as a stand-alone heat pump in areas where temperatures are warmer. It is not as effective in areas where temperatures go down to and below freezing for long periods.

Absorption

	Absorption heat pumps are basically air-source heat pumps that use a heat source: burning a fuel, like natural gas or propane, or using solar-heated water or geothermal-heated water. Natural gas is the most common heat source. These are particularly useful where there is no access to electricity because they use alternate fuels, not electricity. They are usually used in commercial buildings, although improved technology has made them useful in larger homes.

	Absorption heat pumps use an absorption cycle that utilizes as the refrigerant an ammonia and water solution. The system goes through the same cycle as other heat pumps. Outside air passes over the tubes containing the ammonia water refrigerant. Heat from the air causes the ammonia to boil out of the ammonia-water solution. This process absorbs the heat from the outside air. The ammonia is then pumped through the heat exchanger, where the heat from the ammonia gas transfers to the inside air, cooling the ammonia down until it condenses and dissolves back into the water to reform the ammonia-water solution. And the cycle continues.

	To cool the building, the cycle is reversed. The ammonia-water solution is run through the building, absorbing heat from the inside air. The ammonia boils and carries the extra heat through the heat exchanger to the coils outside, where it transfers its heat to the outside air, condenses and dissolves, and the cycle is ready to start over.

	The advantage of the ammonia-water system is that it doesn’t require high pressures to compress the gas because the gas dissolves in the water. So a low-power pump can be used, reducing energy requirements and cost of operation.

Air-Source

Air-source heat pumps are much more prevalent than geothermal or ground-source systems. This is because they don’t require any excavation to lay down underground pipes and are therefore much less costly to install. They are much simpler in concept and much simpler to operate.

Air-source heat pumps use an outdoor fan to pass outside air over coils filled with a refrigerant. The refrigerant in the evaporator absorbs the heat from the air (even if it is cold air). This causes the fluid to boil. The gas then moves to the compressor and is compressed to an even higher temperature. Then the gaseous refrigerant goes to the heat exchanger where it gives up its energy to the inside air. A fan then blows this warmed air through the home to heat it.

When the refrigerant gives up its heat, it cools and condenses back to liquid and is returned to the outside evaporator coil to absorb heat from the outside air and begin the cycle again.

	Despite their popularity, air-source heat pumps are limited because they use outside air as their heat source. When the temperature differential between inside and outside air becomes too great, heat pump efficiency (coefficient of performance, or COP) suffers. In really cold climates, supplemental heat sources, such as a small furnace may be needed to maintain comfortable temperatures. (See Hybrid below.)

	Air-source heat pumps are also known as air-air or air-water heat pumps, depending on whether the home heating system is blown hot air (air flows and transfers heat throughout the building) or radiator (water flows and transfers the heat throughout the building).

Ground-source

	Ground-source heat pumps use heat from the earth, but not the deep heat from magma. They use the heat of the ground, from 10 to 20 feet beneath the surface. The heat in the ground does not, however, come from sources within the earth; rather, it comes from latent heat the ground absorbed from the sun. These are still known as geothermal heat pumps because the heat is coming from the ground, but there is a distinction between this shallow-depth (solar-retained) heat and the deep-well heat generated from within the earth.pipe laid for a ground-source heat pump
(http://geothermalinnovation.org/)


	The actual source of heat could either be the solid ground itself, or it could be the water in an underground aquifer. Both work the same way, and both are considered “ground”-source systems.

The ground-source system requires pipes underground to absorb heat from or transfer heat to the earth, depending on whether the heat pump is heating or cooling, respectively. Trenches are dug and pipes are laid underground. These can be done horizontally or vertically, depending on how much land surface is available (see diagram at right). Of course, this makes the cost of the ground-source system greater than the air-source system because of the extra construction involved with installation; however, the efficiency rating of a ground-source system is also greater, so that operating costs are less for this type of heat pump than for the air-source system.

	The ground-source heat pump itself runs exactly like air-source or geothermal heat pumps, with the typical compression-expansion cycle of a refrigerant.

Water-sourcepipe laid in a lake for a water-source heat pump
(http://www.ag-energy.co.uk/products/water-source-heat-pumps)


	A water-source heat pump works exactly the same as a ground-source heat pump, except that the heat source is an actual body of surface water, say, a lake or pond. Water in these bodies of water also maintain a relatively constant temperature at or near the bottom of the reservoir. Pipes are run from the heat pump evaporator (usually outside the building, except in the case of a single unit heat pump, right down to the bottom of the reservoir. There the liquid, in the pipes, usually a water and anti-freeze mixture, absorbs heat from the water and flows to the evaporator, where the refrigerant absorbs its heat. And begins the heat pump cycle.




Hybrid

	The typical hybrid heat pump systems consist of a dual heating system—usually an air-source heat pump for mild temperatures, say, 40 oF and above, and a small fuel-based (non-renewable energy source) furnace that kicks in at lower outside air temperatures. The fuel is usually natural gas or propane but can be oil as well. The system also frequently has a dual speed fan so that, when the temperature is milder, the lower speed is sufficient to warm the building, but when colder weather hits, the higher speed fan keeps the temperatures comfortable. Efficiency in the system is optimized by switching back and forth between the two systems as needs warrant.

	Yet another type of hybrid heat pump system consists of two different source heat pumps. For example, one hybrid system could include both an air-source and a ground-source heat pump, both in one system. This would be even more efficient than a hybrid system using either air-source or ground-source with a small furnace, because this dual system uses no non-renewable resources.

In all heat pump scenarios, regardless of the heat source, the heat extracted from the source can be used both for heating the home and for heating water in a hot water heater.

Another classification scheme for heat pumps

	There is yet another way to classify heat pump systems, and that is by the piping involved in extraction of heat from the ground or water heat source.

Closed-loop systems

	The illustrations above showing the piping for ground-source and water-source heat pumps both show what is known as closed-loop systems. These systems use the same liquid, usually water, to absorb heat from or radiate heat to the surroundings. These are closed systems, and the same liquid is used over and over through the external piping. Closed-loop systems are the most common type of heat pump system.

Open-loop systems

	Another type of piping system is the open-loop system. This system only works for water-source heat pump systems. In this system, two wells in near proximity, tapping into the same aquifer, are usually involved. Pipe is laid into one well (the source well), through which water that is extracted flows to the heat exchanger. Once it has given up its heat, this water flows through another pipe into a second well (the disposal well), where it replenishes the aquifer. That water resides in the aquifer, warming and waiting for extraction through the source well. In this way, new water is constantly being used as the heat source. The open-loop system is encountered much less frequently than closed loop systems.

	Other open-loop systems in lakes or ponds might simply use two different pipes at a distance from one another, one for extraction of water from the lake going to the heat pump, and another that expels the used water back into the lake.




[bookmark: _Toc436744471]Connections to Chemistry Concepts (for correlation to course curriculum)

1. Thermodynamics—The laws of thermodynamics control the workings and limitations of heat pumps and power plants.
2. Phase changes—Liquids must undergo phase changes in heat pumps and turbine-driven generators to extract heat from underground sources. Evaporation or boiling of the refrigerant requires energy and extracts heat from the source; while condensation produces energy and releases heat to the building.
3. Gay-Lussac’s (Amonton’s) Law—The relationship between temperature and pressure (or, rather, pressure and temperature) of a gas is evidenced in the compressor and evaporator in a heat pump.
4. Boiling temperature affected by atmospheric pressure—Water underground is heated way above its boiling temperature, but it cannot boil due to the pressure surrounding it. Thus it becomes superheated. But when it reaches the surface and atmospheric is greatly reduced, it flash boils.
5. Potential and kinetic energy—Changes in these energies occur in the transfer of energy from one source to another as in heat pumps, solar heating, and geoexchange of heat from the ground to a heat pump. Fluids like water and those used in pipes in heat pumps change phase in the process of removing heat from or adding heat to the earth, both for heating homes directly (heat pumps) and generating electricity (turbine-driven generators).
6. Specific heat and heat capacity—These properties of matter at least in part explain why the earth has maintained much of its primordial heat. They also help scientists and engineers to determine which fluids are best to use in heat transfer devices such as heat pumps.
7. Alternative (“green”) energy sources—Geothermal energy is a prime source of energy for future generations as it emits almost zero pollution.
8. Radioactivity and nuclear decay—Radioactive isotopes of specific elements underground undergoing spontaneous nuclear decay into stable isotopes of other elements are a major and ongoing heat source for geothermal energy.

[bookmark: _Toc436744472]Possible Student Misconceptions (to aid teacher in addressing misconceptions)

1. “But if everybody uses all this geothermal energy to replace oil and coal, we’ll run out of that, too, just like those other fuels!” This is highly unlikely, unless the student is thinking of running out millions of years into the future. It’s really difficult to comprehend how large the earth is, or how much heat is stored—and being produced—underground. Earth is huge, and so are its heat reserves.
2. “Cold comes into the house from the outside in the winter time.” When dealing with the idea of energy transfer, students need to understand the basic laws of thermodynamics, that heat energy moves from an environment with a higher temperature to that of a lower temperature. Insulation does not act to keep out cold from a house in the winter, but rather it prevents heat transfer from the warmer house to the colder environment. Likewise, thermal transfer by some “heating” device such as a heat pump, in which outside air of 55 oF is to be used to heat a room at 65 oF would occur by the cooling of that outside air (to an even lower temperature) by the heat pump, giving up its heat to the room (refrigeration cycle, air conditioner with heat expelled). (October 2006 ChemMatters Teacher’s Guide)
3.  “A heat pump can’t work to heat a house when it’s colder outside than it is inside.”
While the air temperature outside may be lower than the temperature inside, the heat that the geothermal heat pump extracts doesn’t come from the air outside, but from rock, soil and water 10 to a few hundred feet underground, which maintain an even 50–60 oF. While that temperature is cooler than the temperature inside the house, it is warmer than the liquid in the pipes passing through the rock. So, heat flows into the liquid and the heat pump extracts that heat and sends it into the house. Remember that a low temperature doesn’t mean no heat. There is still heat in a substance at low temperatures because its molecules are still moving. That heat can be extracted by the liquid in the heat pump pipes and moved to another area (e.g., inside the house) by the heat pump. Note that the colder it gets outside, the lower the efficiency of the heat pump. Eventually, if it gets too cold, it takes more energy (electricity) to drive the heat pump than is extracted from the ground to heat the home. This is why heat pumps in colder climates also contain a small burner/furnace to supplement the heat from the heat pump.
4. “Water always boils at 100 oC,” or “Water’s boiling point is 100 oC, period.” The boiling temperature of a liquid is determined by atmospheric pressure, meaning the pressure of the liquid’s surrounding gases. So, on the top of a mountain, where there is less overhead air and therefore a lower atmospheric pressure, the boiling point of water is lower (71 oC, 160 oF) than its “normal” boiling point (100 oC), and underground, where there is a much greater pressure, water will boil at a much higher temperature (e.g., 250 oC at 10 km, 480 oF at 8 mi. below ground). The temperature of 100 oC is water’s normal boiling point, at one atmosphere (101.3 kPa) pressure. Here the word “normal” means “standard” (IPUAC), not “typical”. See “In-Class Activities” section for ways to demonstrate this to students.
5. ”Potential energy and kinetic energy are really the same thing.” Students need to understand the difference between potential energy and kinetic energy and their relationship to thermal energy and temperature. Phase changes in which temperature does not change but thermal energy is either absorbed or lost can be difficult to understand if students do not have a model for atomic/molecular behavior when a substance is undergoing a temperature change vs. a phase change.

[bookmark: _Toc436744473]Anticipating Student Questions (answers to questions students might ask in class)

1. “How can a heat pump use the cooler temperature of underground rock to heat a house to a warmer temperature?” See “Possible Student Misconceptions” #3 above.
2. “How is it possible for air at 35 oF, which is drawn into a heat pump outside a house, to heat the interior of the house that is at a temperature of 75 oF?”
The heat pump operates like a refrigerator or air conditioner. Since the air at a temperature of 35 oF has to contain some heat energy (because it’s not at absolute zero), it is a matter of removing some of that heat energy. This is done as in a refrigerator, which means that the refrigerator’s compressor mechanism that compresses a gas into a liquid causes heating due to both an increase in kinetic as well as a decrease in potential energy. When this pressurized liquid is allowed to expand in another part of the refrigerator or heat pump, the gas cools the environment because the change in physical state from liquid to gas requires thermal energy from the environment. The cooled gas circulates and heat from the 35 oF air moves to the cold gas.
When this gas returns to the compressor, the gas becomes a liquid, with subsequent heating again. But this time the heat energy is greater because of the addition of thermal energy from the air to the cold refrigerant gas. As the recycling of the refrigerant repeats itself, some of the heat of the hot liquid is transferred into the interior of the house (there is always heat loss from the hot liquid refrigerant through coils that are exposed to the house interior, as with a refrigerator).

[bookmark: _Toc436744474]In-Class Activities (lesson ideas, including labs & demonstrations)

1. This 9:28 video clip from the University of Nottingham Periodic Table of Videos shows mountain climbers boiling water and measuring its temperature at various altitudes (noted) as they climb mountains in the Himalayas, right up to Mt. Everest: https://www.youtube.com/watch?v=JTL4dj3Gx1o. You could have students view the video, record the elevations and boiling points and graph the results and follow that with a discussion of the effects of increased pressure on boiling temperature.
2. There are several ways to demonstrate to students that water can boil at temperatures other than 100 oC, depending on its “atmospheric” pressure:
a. A way to demonstrate the variation of boiling temperature with pressure in your classroom is to use a large syringe (without a needle), say 100-140 mL size. (Smaller syringes work, but they’re harder for students to see.) Heat water to about 80 oC in a beaker. Using the syringe, draw about 20 or so mL of the hot water into the syringe. Turn the syringe upright, open end up, and squeeze all the air out, as doctors do on television. Stopper the syringe (or you could just use your finger) and pull back on the piston. This increases the volume of space inside the syringe, thus decreasing “atmospheric” pressure (Boyle’s law). Lowering atmospheric pressure inside the syringe reduces the boiling temperature of water, and the water begins to boil inside the syringe. You can extrapolate this information to higher pressures, resulting in higher boiling temperatures. Relate this to superheated water in underground reservoirs. You might also want to discuss the underwater hydrothermal vents found in deep water areas around volcanic activity. The water in these vents is extremely hot (perhaps 400 oC as it erupts out of the holes in the ocean floor), yet it does not boil.
b. This Flinn Scientific video clip (4:11) shows an experienced teacher demonstrating the phenomenon of boiling water in a syringe to a class of novice teachers: https://www.youtube.com/watch?v=I5mkf066p-U.
c. Flinn also offers this Flinn ChemFax, a pdf document describing the experiment, but note that this description requires a syringe with a stopcock. You can replace that with the apparatus described above.
d. The Exploratorium Web site offers another version of this demonstration that uses tap water at room temperature, with no extra heating. It’s contained within a Mars theme, which could be a way to motivate students, following the successful movie debut of The Martian. (http://www.exploratorium.edu/mars/coldboiling.php)
e. You can also allow students to experience this phenomenon for themselves, hands-on, in a “microscale vacuum apparatus”, sold by Educational Innovations. This kit contains a large syringe, like in the above demonstration, and a small bell jar to contain a beaker of warm water. The difference is that students can do this experiment themselves, instead of just watching you do a demonstration. The apparatus may be inexpensive enough that you can purchase enough for a class lab set. See the kit at http://www.teachersource.com/AirPressure/MicroscaleScience/MicroscaleVacuumApparatus.aspx.
f. You can use a saturated steam table to show students that water boils at different temperatures dependent upon atmospheric pressure. (e.g.,
3. Water is superheated when exposed to magma deep underground, due to the extreme pressure of its surroundings. To demonstrate superheated water (from a microwave),
a. Here is a 9-second video clip showing superheated water when a foreign substance (instant coffee) is added (minor explosion—rapid boiling only): https://youtu.be/2FcwRYfUBLM.
b. And here’s another 7-second video clip on superheated water from the microwave. It offers no audio, except for the “explosion” as the salt/sugar (?) is added to the superhot water. (https://youtu.be/ZAqqpDF4bVw).
4. Geysers contain superheated water that can “flash” boil when it rises to earth’s surface and the pressure is released. Steam can also be superheated, as is the case in many geothermal power plants. You can view this demonstration in the following video clips:
a. Jamie and Adam of the TV show “Mythbusters” investigate superheated water in the microwave oven in a short (1:40) YouTube video clip at https://www.youtube.com/watch?v=1_OXM4mr_i0.
b. If you would like to do the demonstration yourself in your classes, Flinn Scientific provides this 8:40 video clip that shows teachers how to prepare the superheated steam in their classrooms and discuss this phenomenon with their students: https://youtu.be/sJfV_Hip6WA.
c. This 4:41 YouTube video clip shows a close-up of a teacher doing the superheated steam demonstration in his class, with his explanation. He shows details that the Flinn video clip does not. (https://youtu.be/14RvYbYIImY)
d. And this one from a scientist at Imagination Station demonstrating superheated steam with a weatherman from television station WTOL 11 discusses whether or not we can see steam: https://www.youtube.com/watch?v=8InpXBbjtPU.
5. This pdf from Vernier Software shows a draft copy of a student experiment using Vernier software to determine the relationship between temperature of a gas and its pressure: http://www2.vernier.com/sample_labs/CWV-07-COMP-pressure_temperature.pdf. The experiment sets temperature as the independent variable, by heating a flask full of air, at constant volume, and measuring its pressure at various temperatures. The argument can be made that if increased temperature increases gas pressure, then the inverse should be true, increased gas pressure will cause an increase in the gas temperature. This is analogous to what happens in the compressor of the heat pump.
6. The fire syringe is a great apparatus to demonstrate the effect of pressure of a gas on its temperature. A small bit of cotton or “frayed” paper is placed in a clear syringe sealed at one end, and a tight-fitting piston is rapidly pushed down the barrel of the syringe. The cotton or paper will ignite from the increased temperature of the air in the syringe as the work being done on the system increases the kinetic energy of the air inside. Although there is obviously a decrease in the volume of the air and a corresponding decrease in the energy of the air molecules, this energy change is not the main contributor to the ignition of the paper or cotton.
Many science supply stores sell this apparatus, including
Educational Innovations: http://www.teachersource.com/product/fire-syringe-demo/chemistry and Arbor Scientific: http://www.arborsci.com/fire-syringe
Arbor also provides this 2:06 video clip on TeacherTube showing how and explaining why the fire syringe works: http://www.teachertube.com/video/fire-syringe-thermodynamics-55314#.
The company also has a whole Web page devoted to short descriptions of thermodynamics demonstrations (some involving apparatus they sell, of course—but some, not), including the fire syringe: http://www.arborsci.com/cool/thermodynamics-the-heat-is-on.
7. You could demonstrate the “egg-in-the-bottle” trick to show the relationship between gas temperature and pressure, somewhat akin to the condenser/evaporator cycles in the heat pump. View a 3:57 video clip from Steve Spangler Science here: https://youtu.be/Fhz4xsJ1LUo. Steve shows how it’s done, although his explanation is “dumbed down” for a television audience. (See the “More on Gay-Lussac’s law (Amonton’s law, actually) related to the heat pump” section above for an explanation of the “trick”.) Steve does show you how to extract the egg after you’ve finished the experiment. (You might ask students to propose a method to do the extraction, but don’t let them search online—the answer’s out there and too easy to find.)
A 1:42 video clip from “Full-Time Kid with Mya” is the same demonstration done by a female elementary student, complete with a gasp as the egg is pushed in is equally cool (although I infer from the surprise on her face that she did NOT practice this demonstration before she videotaped it. Of course, chemistry teachers would NEVER do a demonstration in front of their classes without trying it first!) (https://youtu.be/tmc9U_mK3v4) See the “More on Gay-Lussac’s law (Amonton’s law, actually) related to the heat pump” section above for an explanation of the “trick”.
8. The “Science Projects” web site contains a suggested activity for middle school students to construct a model power plant run by steam. You could use this as a classroom demonstration to show how steam from the hydrothermal features of Yellowstone could be harnessed to produce electricity. View the activity at http://www.energyquest.ca.gov/projects/geothermal-pp.html.
A page from NASA provides a set of teacher instructions on how to build a simple Hero’s Engine, the earliest version of this type of steam engine. View it at http://er.jsc.nasa.gov/seh/Pop_Can_Hero_Engine.pdf.
9. This middle school pdf document, “Geothermal Energy”, from the U.S. DOE office of Energy Efficiency & Renewable Energy, provides background information for teachers on geothermal energy and electricity production, as well as heat pumps, and it describes 5 student lab activities that will help students understand how geothermal energy works. These can be adapted for introductory chemistry classes. It includes National Science Education Standards, and ideas for follow-up projects. (http://energy.gov/sites/prod/files/2014/06/f16/geothermal_energy.pdf)
10. If your budget is overflowing, you may want to purchase a demonstration model of a heat pump, from 3B Scientific, only $2487.00: https://www.a3bs.com/heat+pump/q/?SearchText=heat pump (also on Amazon), or the same one from Fisher Scientific for only $4499.00(!): https://www.fishersci.com/shop/products/3b-scientific-heat-pump-d/s05533.
11. The University of Waikato in New Zealand provides this Word document online: “Interpreting Representations: The Heat Pump Cycle”. This student lesson/activity asks students to interpret diagrams in order to learn about phase changes and how heat pumps work. The document provides links to information on the Web. The goal is to have students write a report on their understanding of the diagrams and explain how those helped them learn about heat pumps. (http://sciencelearn.org.nz/content/download/59633/1249353/version/3/file/Interpreting+representations+%E2%80%93+heat+pump+cycle.docx)
12. If you want to include information about geothermal energy in your classroom presentation, you might want to access this 122-slide presentation by the Geothermal Education Office. Unfortunately, it is not a PowerPoint and doesn’t seem to allow full-screen viewing. (http://geothermaleducation.org/GEOpresentation/sld001.htm) This is the index to the slide show, where you can view the titles of the individual slides: http://geothermaleducation.org/GEOpresentation/>

[bookmark: _Toc436744475]Out-of-Class Activities and Projects (student research, class projects)

1. Students could research how geothermal features have been used by individuals and by governments to provide energy for heating and electricity. A follow-up study could be done on the effects of these efforts to harness nature. (Many geysers and hot springs have ceased to erupt or have disappeared as a result.) Perhaps a debate could ensue between two class groups: one, for the private use of hydrothermal features, and one against. Students could begin here: http://www.clean-energy-ideas.com/geothermal/geothermal-energy/disadvantages-of-geothermal-energy and http://www.clean-energy-ideas.com/geothermal/geothermal-energy/advantages-of-geothermal-energy. This is another site that provides a list of advantages and disadvantages of geothermal: http://earthsheat.blogspot.com/2012/12/geothermal-energy-main-advantages-and.html.
2. This document from the U.S. Department of Energy, geared for middle school teachers and students, provides much background information on geothermal energy and descriptions of five student experiments/research projects, as well as a series of potential further research ideas for student projects. It also contains references and a rubric for evaluating the student projects. (http://www1.eere.energy.gov/education/pdfs/geothermal_energy.pdf)
3. Students could research and explain to the rest of their class how pressure cookers work, how an automobile cooling system works, and why packaging for commercial products like cake and cookie mixes frequently contain special baking directions for people living at high altitudes. All of these are based on the pressure-dependent boiling temperature of water.
4. The “Science Projects” web site contains a suggested activity for middle school students to construct a model power plant run by steam. You could have them develop the plant and then use this as a classroom demonstration to show how steam from the hydrothermal features of Yellowstone could be harnessed to produce electricity. View the activity at http://www.energyquest.ca.gov/projects/geothermal-pp.html.

[bookmark: _Toc436744476]References (non-Web-based information sources)

30 Years of ChemMatters

Available Now!

The references below can be found on the ChemMatters 30-year DVD (which includes all articles published during the years 1983 through April 2013 and all available Teacher’s Guides, beginning February 1990). The DVD is available from the American Chemical Society for $42 (or $135 for a site/school license) at this site: http://ww.acs.org/chemmatters. Click on the “Archive” tab in the middle of the screen just under the ChemMatters logo. On this new page click on the “Get 30 Years of ChemMatters on DVD!” tab at the right for more information and to purchase the DVD.

Selected articles and the complete set of Teacher’s Guides for all issues from the past three years are available free online at the same Web site, above. Simply access the link and click on the aforementioned “Archive” tab.


Teacher Bob Becker explains in detail to students how a heat pump works. (Becker, R. Question from the Classroom: How Do Heat Pumps Work? ChemMatters, 2006, 24 (3), pp 2–3)

In this article, author Baxter explains how geothermal energy extracted from the ground by a hear pump helps heat an environmentally-friendly, award-winning home. (Baxter, R. Chemsumer: Chemistry Builds a Green Home. ChemMatters, 2006, 24 (3), pp 9–11)

This article focuses on hydrothermal energy in Yellowstone National Park. The author discusses the various features of Yellowstone, as well as their energy source, geothermal. (Ruth, C. Letting off Steam. ChemMatters, 2009, 27 (2), pp 4–7)

[bookmark: _Toc436744477]Web Sites for Additional Information (Web-based information sources)

More sites on the history of geothermal energy

This site from the Office of Energy Efficiency & Renewable Energy (EERE), energy.gov, provides a timeline of the uses and development of geothermal energy in the U.S.: http://energy.gov/eere/geothermal/history-geothermal-energy-america#2011.

The USGS free, downloadable pdf 36-page booklet Geothermal Energy—Clean Power from the Earth’s Heat provides information showing how geothermal energy can serve as one of the several alternative, sustainable energy sources the government is researching to replace oil as our major source of energy. The book contains maps of the areas where geothermal energy is available and being used, and it discusses the past, present and future uses of geothermal energy. (http://pubs.usgs.gov/circ/2004/c1249/c1249.pdf)

More sites on Earth’s interior

This page from Annenberg Learner provides an interactive screen allowing the viewer to scroll across the various parts of the earth’s interior to view more (basic) information about that section: http://www.learner.org/interactives/dynamicearth/structure.html. A tab at the top of the screen takes the viewer to an interactive section on “Plate Tectonics”, which explains briefly how the crustal plates have shifted (and are still shifting today), and gives a quiz afterward.

More sites on nuclear processes related to Earth’s interior

This site from Virtual Chemistry from the University of Oxford, U.K., provides an animated sequence for the nuclear decay series for both U-235 and U-238. The viewer can control the progress of the steps in the process. (http://www.chem.ox.ac.uk/vrchemistry/Conservation/page31.htm)

The World Nuclear Association provides information on “Naturally Occurring Radioactive Materials (NORM) at http://www.world-nuclear.org/info/Safety-and-Security/Radiation-and-Health/Naturally-Occurring-Radioactive-Materials-NORM/. The site includes information on uranium, thorium and potassium isotopes.

Here is another site that shows the decay series for the major nuclear decay reactions in the earth: http://images2.wikia.nocookie.net/__cb20100419124443/thorea/images/7/74/Nuclear_Decay_Chains_Th_cycle.jpg.

This site also shows the three nuclear decay processes, for U-2389, U-235 and Th-232: https://www.euronuclear.org/info/encyclopedia/d/decaybasinnatural.htm.

For more information on where uranium came from (before it was deposited in the earth), and what’s happening to the Earth now as a result of having this uranium, see this page from the World Nuclear Association: http://www.world-nuclear.org/info/Nuclear-Fuel-Cycle/Uranium-Resources/The-Cosmic-Origins-of-Uranium/.

	This paper suggests that the abundance of radioactive isotopes in the crust relative to those in the mantle may indicate a much younger earth than most scientists believe: http://www.sentex.net/~tcc/radearth.html.

	This brief page from Science on NBCnews.com provides information to explain how scientists know that nuclear radiation that is heating the earth comes primarily from the crust, and just how much is there: http://www.nbcnews.com/id/43786480/ns/technology_and_science-science/t/radioactive-decay-fuels-earths-inner-fires/#.Vif-jjZdFOR.

More sites on geothermal energy

This “Energy 101: Geothermal Energy” video (3:47) from U.S. Dept. of Energy describes much that is in the Eboch article: https://youtu.be/mCRDf7QxjDk.

This 10-page document from the book, Energy for Keeps: Electricity from Renewable Energy, from the Energy Education Group provides general-audience information about geothermal energy. (http://geothermaleducation.org/geo_fmat/geo_excerpt_4_07.pdf)

	This 18-page pdf document from EERE the Office of Energy Efficiency and Renewable Energy, “Geothermal—The Energy Under Our Feet”, discusses geothermal resource estimates for the U.S., as of 2006. (http://www1.eere.energy.gov/geothermal/pdfs/40665.pdf)

This site from EERE briefly discusses each of the three main types of geothermal power systems. It includes illustrations of each. (http://energyalmanac.ca.gov/renewables/geothermal/types.html)

This site provides very basic information about various alternative energy sources, including geothermal: http://www.clean-energy-ideas.com/. The “Geothermal” tab contains information on geothermal energy, geothermal heating, and geothermal power.

The National Geographic provides a site that has a good overview of geothermal energy and geothermal systems: http://education.nationalgeographic.com/encyclopedia/geothermal-energy/.

More sites on natural (hydrothermal) energy systems

 “The Total Yellowstone Page” is a web site that contains the usual tourist-y stuff, but it also has detailed information about the science behind the hydrothermal features. Check it out at http://www.nps.gov/yell/learn/nature/hydrothermalsystems.htm.

The United States Geological Survey (USGS) provides this 4-page pdf document “Tracking Changes in Yellowstone’s Restless Volcanic System” that discusses the goals and findings of the Yellowstone National Observatory that tracks geological changes in Yellowstone’s volcanic system: http://pubs.usgs.gov/fs/fs100-03/fs100-03.pdf.

The 6-page USGS publication “Steam Explosions, Earthquakes, and Volcanic Eruptions—What’s in Yellowstone’s Future?” discusses the role of geothermal energy in Yellowstone National Park’s active volcanic system. (http://pubs.usgs.gov/fs/2005/3024/fs2005-3024.pdf)

This page from the National Park Service provides descriptions and images of the various hydrothermal features evident in Yellowstone National Park: http://www.nps.gov/yell/learn/nature/hydrothermal-features.htm.

More sites on locations of geothermal energy

This site from the International Geothermal Association provides a lot of information about geothermal energy worldwide: http://www.geothermal-energy.org/what_is_geothermal_energy.html.

The Calpine (electrical company) Geysers Web site has an 8-minute video that covers the history of The Geysers, from warming people 10,000 years ago, to electricity-production today. It includes their problem-solving to reverse declines in steam-production. View the video at http://www.geysers.com/

More sites on Iceland’s geothermal development of a hydrogen economy

A 2008 PBS NOVA video, “Car of the Future”, features Tom & Ray Magliozzi (“Click” & “Clack”), the NPR radio car-talk guys, as they travel to various sites to investigate alternative fuels for cars. The first 16 minutes of the 53-minute video focuses on the need for reducing fuel consumption and how we’re doing that. Part of the video (10:20-16:35) focuses on the hydrogen shift in Iceland and that country’s fuel cell-powered transit buses. (Other parts of the video feature corn-ethanol fuel, friction-reduction inside the internal combustion engine, the hyper-car—more aerodynamic, higher efficiency car, hybrid cars, and electric cars.) (http://video.pbs.org/video/980048834/?starttime=623000)

A brief 3-minute excerpt from a PBS show, starring Alan Alda describes the hydrogen economy: http://www.youtube.com/watch?v=bgGlE97rJl4.

An 18-minute interview with the president of Iceland and scientists researching hydrogen fuel in Iceland can be found at http://www.youtube.com/watch?v=U79CWDtdZOA&NR.

	The October 20, 2008 issue of Scientific American discusses the geothermal features of Iceland in this article: “One Hot Island: Iceland’s Renewable Geothermal Power”. (http://www.scientificamerican.com/article/iceland-geothermal-power/)

“Hydrogen Hopes”, the complete PBS show from which the 3-minute excerpt above was taken: http://www.youtube.com/watch?v=THGarJkZJgk&feature=related. (26 minutes)

More sites on superheated water

This site from TLV, the “Steam Specialist Company”, provides a saturated steam pressure calculator that allows you to choose a pressure (you can choose from many units) and it will show you the corresponding boiling temperature (you can also choose oF, oC or K units) for water: http://www.tlv.com/global/TI/calculator/steam-table-pressure.html.

More sites on enhanced geothermal systems

CalEnergy provides this 4:45 video clip showing animated sequences describing their enhanced geothermal system for generating electricity: https://www.youtube.com/watch?feature=player_embedded&v=kjpp2MQffnw. The video discusses several phase change sequences from the deep underground superheated water resource as it is brought to the surface; these may be useful in your classes to discuss how pressure affects boiling temperature.

Wikipedia provides a good discussion of hot dry rock (HDR) technology for enhanced geothermal systems at https://en.wikipedia.org/wiki/Hot_dry_rock_geothermal_energy.

A 1993 37-page pdf document from the USGS reports on the “Potential of Hot-Dry-Rock Geothermal Energy in the Eastern United States”: http://rglsun1.geol.vt.edu/NGDS/Other/Potential%20of%20Hot%20Dry%20Rock%20Geothermal%20Energy%20in%20the%20Eastern%20US.pdf.

Another document from the USGS, Geothermal Direct Use: Technology and Marketplace” reports on a workshop held in the summer of 2015. “The aim of the workshop was to explore the potential for geothermal direct use applications in the eastern United States.” (http://energy.gov/sites/prod/files/2015/09/f26/Geothermal%20Direct%20Use%20Workshop%20Summary%20Report%20-%20No%20List%20%2809-23-2015%29.pdf)

A 2:38 animated video clip from Baker Hughes describes and shows the Enhanced Geothermal System process of injecting water into bedrock to open fractures in the rock and the extraction of that heated water back to the surface to produce steam to drive turbines to create electricity. (http://www1.eere.energy.gov/geothermal/media/geothermal_egs_calpine-lbnl.wmv)

This 2008 pdf from US DOE EERE, “An Evaluation of Enhanced Geothermal Systems Technology”, reports on the process of developing EGS power, and its promise for the future.
(http://energy.gov/sites/prod/files/2014/05/f15/evaluation_egs_tech_2008.pdf)

This 200-page document from the U.S. Department of Energy (DOE), “A History of Geothermal Energy Research and Development in the United States: Reservoir Engineering 1976–2006”, presents a detailed discussion of the work of the DOE in the area of geothermal energy as an alternative form of renewable energy, directly after the energy crisis of the early 1970s: http://energy.gov/sites/prod/files/2014/02/f7/geothermal_history_3_engineering.pdf.

	Two other books from the DOE reflect other aspects of the history of research in geothermal energy:
· 160-page “A History of Geothermal Energy Research and Development in the United States: Exploration 1976–2006”: http://energy.gov/sites/prod/files/2014/02/f7/geothermal_history_1_exploration.pdf,
· 150-page “A History of Geothermal Energy Research and Development in the United States: Drilling 1976–2006”: http://energy.gov/sites/prod/files/2014/02/f7/geothermal_history_2_drilling_0.pdf.

The 18-page document “Annual Report 2012: Year in Review” from EERE discusses the development of hydrothermal and enhanced geothermal systems, past, present and future: http://energy.gov/sites/prod/files/2014/02/f7/geothermalannualreport2012.pdf.

More sites on the laws of thermodynamics

Here is the link to Dr. Frank Lambert’s Web site on entropy. It lists almost 40 chemistry textbooks that have deleted “disorder” as an explanation for entropy in favor of his distributed energy definition, and the site contains links to his myriad articles in journals (most in ACS’s The Journal of Chemical Education) that “turned the tide” on the definition of entropy: http://entropysite.oxy.edu/.

The link “Chapter 23: Thermodynamics of Chemical Equilibrium”, from chem1 virtual textbook, an online chemistry textbook, provides a detailed discussion of entropy and the second law of thermodynamics: http://www.chem1.com/acad/webtext/thermeq/index.html.

This site from physics professor Richard Piccard of Ohio University provides another page that discusses Carnot cycles and heat pumps: http://www.ohio.edu/people/piccard/phys202/carnot/carnot.html.

	The UC-Davis ChemWiki provides a thorough discussion of the first and second laws of thermodynamics at
http://chemwiki.ucdavis.edu/Physical_Chemistry/Thermodynamics/Laws_of_Thermodynamics/First_Law_of_Thermodynamics, and
http://chemwiki.ucdavis.edu/Physical_Chemistry/Thermodynamics/Laws_of_Thermodynamics/Second_Law_of_Thermodynamics.

This site discusses heat engines and the Carnot cycle, and the first and second laws of thermodynamics: http://www.taftan.com/thermodynamics/HENGINE.HTM, as does this Hyperphysics page: http://hyperphysics.phy-astr.gsu.edu/hbase/thermo/heatpump.html#c1.

More sites on heat pumps

This 2:31 video clip, “Energy 101: Geothermal Heat Pumps”, from energy.gov shows an animated explanation of how a heat pump works: http://energy.gov/eere/videos/energy-101-geothermal-heat-pumps.

	This HowStuffWorks.com Web page provides a nice, simple thought experiment and analogy to the Carnot cycle to explain to readers how a refrigerator (and therefore a heat pump) works: http://home.howstuffworks.com/refrigerator3.htm. The entire article can be found at http://home.howstuffworks.com/refrigerator.htm.

This page from the HowStuffWorks.com Web site on heat pumps contains a nice animated sequence that explains simply the parts of a heat pump and how it works: http://home.howstuffworks.com/home-improvement/heating-and-cooling/heat-pump1.htm. This entire article on the heat pump can be found at http://home.howstuffworks.com/home-improvement/heating-and-cooling/heat-pump.htm.

The Geothermal Exchange Organization (GEOExchange), “the Voice of the Geothermal Heat Pump Industry in the U.S.”, provides a very short, concise coverage of the various types of heat pumps, with nice illustrations, at https://www.geoexchange.org/geothermal-101/.

GEOExchange also provides this 4:26 video clip that describes how a heat pump works, and the types of heat pumps: https://www.youtube.com/watch?v=oLKB9vk3n0A.

This site from Ground Source Heating Exchange, a commercial heat pump company, provides graphs that compare the cost efficiencies of natural gas, oil, and liquid propane (LP) gas to that of ground source heating by use of a heat pump to heat a typical home. Their not-so-surprising conclusion is that geothermal is cheaper. (http://geoexchange.sustainablesources.com/)
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[bookmark: _Toc436744479]Background Information (teacher information)

More on the history of triclosan

	Triclosan is the generic name for Ciba Irgasan DP300. This synthetic antimicrobial compound was developed in the laboratories of Ciba, a Swiss specialty chemical company, in the 1960s. Ciba manufactures triclosan in Grenzach, Germany.

	Due to its ability to effectively treat resistant staphylococci bacterial infections, triclosan was used as a primary antimicrobial agent in hospital scrubs in the 1970s. Triclosan stays on the skin for up to twelve hours after washing. In addition, it not only kills bacteria (bactericidal) but it prevents their growth and reproduction (bacteriostatic). The alkalinity of ordinary soap is bactericidal, but usually not bacteriostatic.

	Gradually, triclosan’s efficacy as an antibacterial and antifungal agent drove triclosan on a path beyond its use for the elderly and sick in hospitals to incorporation into a plethora of consumer products as a sanitizer and preservative. This has led to questions about its necessity and concerns about the safety of its widespread use. Non-governmental activist groups urge the public to put pressure on government agencies to restrict its use in consumer products.

More on products containing triclosan

	About 70% of liquid soaps, including the dish soaps seen on our supermarket shelves, contain triclosan. Ecolab dispensers in schools, public buildings and hospitals may be a familiar sight to you and your students. Ecolab, a major producer of sanitizing soaps, foams and hospital scrubs since 1923, is located in Saint Paul, Minnesota. If you live or will be visiting the area, you may request an interesting and informative educators’ tour of their facilities (telephone: 800-352-5326). (https://en.wikipedia.org/wiki/Ecolab#Products_and_services)
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	On May 17, 2014 the Duluth News Tribune announced that Governor Mark Dayton signed a bill making Minnesota the first state in the U.S. to ban the use of triclosan in consumer soaps and cleaning products. The ban (effective on January 1, 2017) covers consumer products, not products sold by firms such as Ecolab to health care and/or food industries.

	Due to increasing amounts of triclosan found in the sediments of eight Minnesota lakes and rivers, the Minnesota Pollution Control Agency announced that the state will not renew current state contracts for the purchase of triclosan-containing products. (http://www.duluthnewstribune.com/content/new-minnesota-environmental-law-bans-triclosan)

More on other uses of triclosan

	Although soap manufacturers are the largest consumers of triclosan, it is also added to deodorants, lotions, creams and toothpastes. There is also widespread use of this agent to curb the growth of fungus, mildew and bacteria in many consumer and industrial products where it acts as a deodorizer and preservative. Even textile fabricators use triclosan to increase their products’ resistance to mold and bacterial growth.

	The U.S. National Institutes of Health (NIH) publishes a list of triclosan-containing products, last updated August 2015, at http://hpd.nlm.nih.gov/cgi-bin/household/brands?tbl=chem&id=75&query=triclosan&searchas=TblChemicals.

	The non-governmental organization (NGO) consumer site “Beyond Pesticides” published an undated comprehensive list with specific product names along with the disclaimer: “Due to public pressure, many major manufacturers have quietly begun reformulating their products without triclosan. Product formulations may change without notice.” This implies that their list may be out-of-date. Items are listed in categories such as: soap (liquid, body wash, sanitizers), dental care (toothpaste, mouthwash), cosmetics (lotions, lip gloss, mascara), deodorant (natural, stick), first aid (antiseptic, spray), kitchenware (cutting boards, ice cream scoops), personal care products (acne kits, lip balm, clothes (socks, undergarments), office and school supplies (pencils, binders) and other (humidifiers, ear plugs, hockey helmets). (http://www.beyondpesticides.org/antibacterial/products.php)(https://www.beyondpesticides.org/assets/media/documents/pesticides/factsheets/Triclosan%20cited.pdf)


Triclosan is marketed under the name Microban when incorporated into the manufacture of plastics and clothing and as Biofresh when added to acrylic fibers. Microban additives inhibit bacterial and fungal growth, although some do not contain triclosan. The Microban Web site states that not all their products contain triclosan: “Microban utilizes a breadth of antimicrobial technologies.” However, they do not say which of their products uses triclosan. (http://www.microban.com/who-we-work-with/product-types/amertac_usa/faq)

More on the physical properties of triclosan

	Troclosan is an off-white crystalline powder with a slightly aromatic odor. It is insoluble in aqueous solutions unless they are alkaline. It is soluble in most organic solvents and it readily dissolves in plastics. Triclosan does not add an offensive odor or taste and is chemically stable to 200 oC, so it can easily be incorporated into plastic food containers to prevent bacterial and fungal growth. The structural formula is shown in the Harper triclosan article, Figure 1a. A full description of physical and chemical properties of triclosan as well as its toxicity to lab animals, biological half-life, details of biological test results and a list of commercial vendors can be found on the PubChem site. (http://pubchem.ncbi.nlm.nih.gov/compound/triclosan)

	The picture below shows triclosan crystals and advertises it as a “Personal Care Antiseptic” and a “hot sale product”. The link for the PubChem site shown above contains a long list of vendors.
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(http://www.chinabiosol.com/product-detail/triclosan/)

More on chemistry of fatty acid production

	As described in the Harper triclosan article, triclosan attacks bacteria by inhibiting fatty acid synthesis. Triclosan binds to the bacterial enoyl-acyl carrier protein reductase (ENR) enzyme, which is made by the bacterial gene FabI. This enzyme catalyzes a key regulatory step in the process of linking together fatty acids to form bacterial cell walls. Without these walls, bacterial cells cannot divide and multiply to form bacterial colonies. ENR accepts nicotinamide adenine dinucleotide phosphate (NADPH) as a coenzyme (see pictures below) in this process. Note that this is an oxidation/reduction reaction. NADPH is the reduced form of NADP+.

	An enoyl is an acyl group derived from an unsaturated (alkenoic) carboxylic acid by removal of a hydroxyl group (or groups) from an oxygen-containing acid (oxoacid). Note that alkenoic means that the acid is from an unsaturated hydrocarbon, an alkene. (https://en.wikipedia.org/wiki/Acyl)

	ENR is the final enzyme in the pathway responsible for the production of bacterial fatty acids. Triclosan is a small molecule that, with the assistance of the coenzyme pictured below, can interfere with the action of ENR. (http://www.chem.leeds.ac.uk/colin-fishwick/research.html)

[image: ENR]

enoyl-acyl carrier protein reductase (ENR) enzyme

(http://www.chem.leeds.ac.uk/colin-fishwick/research.html)

	The two coenzymes that assist ENR in the production of bacterial fatty acids are pictured below:
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	nicotinamide adenine dinucleotide	nicotinamide adenine dinucleotide phosphate
	NADP+	NADPH

 (https://en.wikipedia.org/wiki/Nicotinamide_adenine_dinucleotide_phosphate)

	This coenzyme is found in the living cells of bacteria, but not in the cells of mammals. The enzymes that catalyze fatty acid production in mammalian cells are both sequentially and structurally different from those present in bacterial enzymes. Triclosan does not interfere with fatty acid production in humans, thus it was thought to be an excellent choice for use as a bactericide in hospitals. (http://www.ncbi.nlm.nih.gov/pubmed/15105103)

More on the human microbiome

	Although antibacterial soaps provide more lasting protection from bacteria than washing with non-triclosan-containing products, some people question whether this is necessary. The Harper article states that triclosan kills all bacteria—including those that are important to our health.

	In the past ten years, scientists have increasingly studied the human microbiome, the microorganisms present in the environment of the human body. Along with fungi, viruses and mites, the human microbiome consists of an enormous number of bacterial cells. The human body contains ten times more bacterial than human cells. Many of these cells are beneficial aids to our digestive processes, growth and our immune system; others have the potential to be pathogenic. (http://www.scientificamerican.com/article/ultimate-social-network-bacteria-protects-health/?print=true)

	The Human Microbiome Project (HMP), an extension of the Human Genome Project (HGP), is a U.S. National Institutes of Health (NIH) initiative launched in 2008. The goal of this five year project was to investigate links between the human microbiome and human health or disease.

The number of publications mentioning the microbiome or microbiota has risen sharply since the 2008 launch of NIH’s Human Microbiome Project.

		MICROBIOME MANIA
[image: Microbiome Mania]

(PubMed: (http://cen.acs.org/articles/93/i38/Harnessing-Hordes-Microbiome.html?type=paidArticleContent)

More on the sequence of microbiome studies

	Initial studies of the human microbiome focused on sequencing the genome and identifying the microbes that live on and in humans. Currently scientists are attempting to discover connections between microbes and human diseases and to determine whether microbes cause or simply contribute to human diseases. The next step is to determine how to manipulate the interaction between microbes and their substrate, the human body. For example, a small molecule such as triclosan can be used to interrupt the formation of the fatty acids that form bacterial cell walls.

	Two factors have expedited this research:
1. New techniques have been developed that greatly expedite the process of genome sequencing.
2. The expense of keeping massive amounts of data has been tremendously reduced by use of “the cloud”.

Yet, as cautioned in the Chemical and Engineering News article “Harnessing the Hordes”, “Although dysbiosis (microbial imbalance in the body) has been correlated with many diseases, researchers still need to prove it is causing or contributing to those diseases and not the consequence of them.” (http://cen.acs.org/articles/93/i38/Harnessing-Hordes-Microbiome.html?type=paidArticleContent; the article is available only to members of the American Chemical Society at this same URL.)

More on the human skin microbiome

	The diversity of the human skin microbiome has been substantially reduced over the years. Studies of isolated populations in the Peruvian Amazon and Africa show much more bacterial diversity in their skin microbiomes than people living in industrial societies. Maria Gloria Dominquez-Bello, an associate professor of medicine at New York University (NYU), says, “Humans in the U.S. have lost a third of their microbial diversity, mostly on their skin and in their stomachs and digestive tracts.” Martin Blaser, Director of the Human Microbiome Project at NYU and author of the book Missing Microbes: How the Overuse of Antibiotics is Fueling our Modern Plagues states that, “The problem is due in part to the overuse of antibiotics, C-sections and modern sanitation.” Many scientists including Blaser think that our use of antibiotics may be the reason for the increase in asthma, allergies, diabetes, and autoimmune diseases during the last three decades. (http://www.pbs.org/newshour/updates/theres-extinction-happening-stomach/)

	Before birth, the skin is devoid of microbes, but bacterial colonization begins the instant that a baby enters the world. The microbiome that forms differs if birth occurs from cesarean section or if the first bacteria come from the mother’s birth canal. Studies show that bacterial colonies are also different on the skin of a breast-fed baby than on a formula-fed child. As a person grows, environmental factors influence the skin microbiome. As bacteria diversify, a more stable atmosphere is created. This provides better protection against harmful species. In addition, response to illness, disease, antibiotics and diet all create changes the microbiome. In general, species variation is highest during childhood and decreases with age.

Briefly these are the events that affect the microbiome at each stage of life:
· Birth: the birth environment—how and where birth occurs
· 1 day to 6 months: usually few environmental changes; type of food—different bacterial species have different food preferences
· 6 months to 3 years: continued changes in nutrition; people and things in the environment; illnesses; antibiotic treatment
· 3 years to adult: continued response to illness, injury and diet changes; major events such as puberty, pregnancy and menopause
· Old age: number of species decrease; colonies on specific human populations become more similar than on individual people

More on human skin bacteria

	Healthy human skin provides a physical barrier that limits penetration by microbes and toxins. It is characterized as cool, acidic (pH of approximately 5) and dry. The skin environment also provides unique residences for specific bacterial species such as folded places, varying skin densities and glands.

	The bacterial species on the skin are unique to individual people and differ by the microclimate in each skin area. Dry skin areas such as the forearm, buttock and parts of the hand are populated by the greatest diversity of bacterial species. Females have more diverse species than males. It is unclear whether this is due to physiological factors or environmental differences in the female hygiene and use of cosmetics. Bacterial species are also different on the right and left hand of a person. Perhaps this results from increased exposure to environmental factors by the favored hand.

	The following chart shows the location and types of bacterial species found on the human body. Additional details about these bacterial species are located in the article, “The Skin Biome”, by Elizabeth A. Grice and Julia A. Segre, on this free-access NIH website: http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3535073/.


Topographical Distribution of Bacteria on Skin Sites
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(http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3535073/)

More on “good” human skin bacteria

	Most skin bacteria are harmless and some are even beneficial. Commensal bacteria are those that are harmless and may provide benefits to the host. Scientific research shows that the chemistry of the skin biome is very complex and often involves microorganisms working together. For example, Propionibacterium acnes (P. acnes), the bacteria that causes acne, also breaks down the triglycerides in sebaceous gland secretions, releasing fatty acids that help maintain the acidic pH of the skin surface. Many pathogenic bacteria are inhibited by this acidic environment. (http://www.nature.com/jidsp/journal/v6/n3/full/5640052a.html)

	The following studies show the importance of some of the bacteria found in the normal human skin microbiome: (Note: The URLs below contain abstracts only; full text is available for purchase.)
· Commensal bacteria in the skin play important roles in providing anti-inflammatory responses to environmental allergens that affect the skin. (http://www.ncbi.nlm.nih.gov/pubmed/25262465)
· In the human nasal cavity, the commensal bacterium Staphylococcus epidermidis (S. epidermidis) prevents the colonization of Staphylococcus aureus (S. aureus), a pathogenic bacterium. Studies of the nasal cavities of human volunteers show that when S. epidermidis is present, S. aureus is absent. (http://www.nature.com/nature/journal/v465/n7296/abs/nature09074.html)
· The composition of skin microbiota affects the skin’s attractiveness to malarial mosquitoes. Studies have found that skin with a high abundance of bacteria, but low diversity of bacterial species is more attractive. These studies have implications for the development of effective repellants. (http://www.ncbi.nlm.nih.gov/pubmed/22216154)

	Bacteria that are normally commensal may become pathogenic when they are able to invade the skin. This occurs in cases where the skin barrier of people with compromised immune systems is breached, such as in chronic wounds (often from surgery). Although these bacteria have not caused the initial wound, they may contribute to the persistence of an infection. (http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3535073/)

More on the targets of triclosan

	Initially it was thought that triclosan killed by simply attacking bacterial cells. Current scientific research shows the specificity of these attacks on the bacterial ENR, the enzyme required for fatty acid production via the process described in the Harper article and in the “More on chemistry of fatty acid production” section of this Teacher’s Guide. Triclosan is effective against gram-negative and gram-positive bacteria and mycobacteria, bacterial pathogens that cause very serious mammalian diseases such as tuberculosis and leprosy. (http://femsle.oxfordjournals.org/content/202/1/1)	mycobacteria

(http://www.genomeindia.org/mycobacterium/images/mycobacterium.jpg)



	Triclosan’s effectiveness against serious pathogens led to its widespread use as a preferred biocide in hospital settings. However, this also led to widespread use as a disinfectant and preservative in personal care products and household items. As the use of triclosan increased, scientists began to question whether bacteria could acquire resistance through mutations involved in normal physiological processes, or from the acquisition of foreign resistant genes (gene transfer). More information on the process of acquired resistance can be found at http://amrls.cvm.msu.edu/microbiology/molecular-basis-for-antimicrobial-resistance/acquired-resistance.

	Laboratory studies performed in the 1990s showed that repeated exposure to low sub-lethal concentrations of triclosan produced lower bacterial susceptibility to triclosan. Since 2000, laboratory data has verified resistance to triclosan by dermal, intestinal and environmental microorganisms. A study done by the Norwegian Scientific Committee for Food Safety concluded that the widespread use of triclosan may present a potential public health risk. (http://www.ncbi.nlm.nih.gov/pubmed/16922622; abstract only on this URL, the full text is available for purchase)

More on the link between triclosan and antibiotics

	Triclosan is a biocide, a chemical molecule capable of destroying living organisms, including bacteria, fungi, protozoa and viruses. Antibiotics are used to destroy bacterial infections. Biocides and antibiotics are both antimicrobial agents. Scientists are concerned that the increased use of triclosan may lead to bacterial resistance to both triclosan and to antibiotics. (http://ec.europa.eu/health/scientific_committees/opinions_layman/triclosan/en/l-3/1-biocides.htm)

	Bacteria employ multiple ways to develop biocide resistance. The mechanisms that bacteria use to colonize in spite of the presence of triclosan are similar to those involved in developing antibiotic resistance. Thus, the concern is that the overuse of triclosan-containing products will not only produce bacterial resistance to triclosan, but it may reduce and/or eliminate the effectiveness of currently used antibiotics. This URL provides a detailed description on research of the mechanisms involved in the formation of bacterial resistance: http://femsle.oxfordjournals.org/content/202/1/1.

More on antibiotic resistance

	According to the November 2015 newsletter from the ICAHN School of Medicine, 23,000 Americans will die from antibiotic resistant bacteria every year. This number represents pre-mature deaths caused by antibiotic resistance. (http://www.focusonhealthyaging.com/; newsletter available to subscribers only)

	Scientific American magazine republished an article from a December 16, 2014 issue of Chemistry World titled: “Antibiotic Resistance Will Kill 300 Million People by 2050”, with subtitle: “New report says pharma companies make more money from other drugs, so shy away from new antibiotic development”. Note that “pharma” refers to pharmaceutical companies. (http://www.scientificamerican.com/article/antibiotic-resistance-will-kill-300-million-people-by-2050/)

	The Review on Antimicrobial Resistance (AMR) referenced in the article above uses the figure given by The World Health Organization (WHO). WHO places the predicted number at 10 million deaths from drug-resistant infections by 2050. AMR had found that global cost predictions increased the urgency to tackle the HIV epidemic, so to spur government action, AMR quantified their prediction of the worldwide economic cost: Up to $100 trillion lost due to these infections. David Cameron, UK Prime Minister, responded, “If we fail to act, we are looking at an almost unthinkable scenario where antibiotics no longer work and we are cast back into the dark ages of medicine.” (http://amr-review.org/)



More on “Superbugs” or MRSA

	Antibiotic-resistant bacteria often referred to as “superbugs” are a type of staph bacteria, Methicillin-resistant Staphylococcus aureus (MRSA), that are resistant to many antibiotics currently used to treat Staphylococcus aureus (S. aureus) infections. Excessive use of triclosan may lead to the emergence and proliferation of bacteria that are resistant to both biocides and antibiotics.

	A common misconception of the general public is that antibiotics can be used to treat flu. Furthermore, some claim that flu vaccines should be avoided because their use contributes to the overuse of antibiotics. Influenza is a viral infection; preventive vaccines contain inactivated or attenuated viruses.

	Blaise Boles, a microbiologist at University of Michigan, Ann Arbor, swabbed the noses of 90 adults. When the swabs were analyzed, it was found that those that contained triclosan were twice as likely to also contain S. aureus.

 This suggests that the bacteria may have adapted to triclosan. Low concentrations of triclosan over long periods can contribute to mutations of Fabl, the bacterial gene that produces the enzyme ENR. Altered Fabl produces versions of ENR that reduce the ability of the triclosan molecule to lock to ENR and block its ability to catalyze the fatty-acid synthesis required for S. aureus bacteria to form their cell walls. Thus, they can replicate and grow to form colonies. (http://mbio.asm.org/content/5/2/e01015-13.full)

More on triclosan’s environmental presence

	Up to 96% of the triclosan in commercial products is washed down the drain. Any staph bacteria present in the plumbing either dies or becomes triclosan-resistant. Since triclosan is added to so many products, particularly those used in personal care such as soaps and toothpastes, increasing amounts of these molecules enter our waste water treatment systems. In 2002 the U.S. Geological Survey reported that triclosan was one of the top ten major organic wastewater contaminants of American rivers. (http://pubs.acs.org/doi/full/10.1021/es500495p)

	Since waste water treatment plants do not have the technology to remove substantial amounts of triclosan, humans and other animals are exposed to low level, but potentially dangerous, concentrations. A 2014 study published by the National Institutes for Health (NIH) quantifies the amount of triclosan in sewage sludge and the significant amount remaining after waste water treatment. The study credits the high loads of triclosan coming from the use of consumer products with creating an overload on treatment systems. (http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3989550/)

	The University of California-San Diego’s “UCSD Health” bulletin reports on triclosan’s presence in the environment: “It is one of the seven most frequently detected compounds in streams across the United States.” (http://health.ucsd.edu/news/releases/Pages/2014-11-17-dirty-side-of-soap.aspx)



More on triclosan’s mimicry

	In addition to bacterial resistance, triclosan molecules can mimic other molecules as described in the Harper article. Figure 1 in the article shows the ring structures in triclosan (1a) similar to those in thyroxine (1b) and estradiol (1c). This similarity led scientists to exam the possibility that triclosan could mimic the biological behavior of these hormones.

	Triclosan is an estrogen mimic. This means that it is an artificial hormone that behaves biologically the same as estrogen. In the Harper article, Figure 1c shows the structural formula for estradiol, one of three forms of the estrogen hormone. While all three forms are involved in important functions and signaling in biological systems, the concentration levels of these forms varies according to developmental stages.three forms of the estrogen hormone

(http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2518256/)


	In humans, estradiol is the most commonly measured form associated with the female reproductive stage; estriol is measured during pregnancy; and estrone is more prevalent after menopause. Studies link estrogen to cancer, suggesting that triclosan may be carcinogenic. A detailed, quantitative study of the estrogen forms and their biological roles, including the processes of disease, was published in The Journal of the Federation of American Societies for Experimental Biology and the full text is located on this NIH website: http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2518256/.

	Research at the University of Wisconsin-Eau Claire Watershed Institute found that overexposure to estrogens was characterized by delayed sexual maturity in aquatic animals. Males showed a decrease in reproductive anatomy and females laid thinner eggs. This paper lists triclosan in hand soap as one of the estrogen mimics that is washed down the drain into our water systems: http://www.uwec.edu/Watershed/research/pollutiontour/estrogen-and-estrogen-mimics.htm.

More on thyroxine mimicry

	Thyroxine, the major hormone secreted by the thyroid gland, is responsible for regulating metabolism. As in estrogen chemistry, triclosan chemically mimics thyroxine and binds to its receptor sites. Once blocked by triclosan, the thyroid hormone cannot function.

	The importance of experimental design is described in paper number 14 “Germ Fighter Works as Endocrine Disrupter” presented to the Washington Research and Information Working Group of the Collaborative on Health and the Environment. The paper describes the research process used to study triclosan effects on frog metabolism at the University of Victoria, British Columbia, Canada (UVic).

	This paper credits researcher C. C. Helbing with a “very clever” design because, instead of exposing tadpoles to triclosan alone, she added the thyroid hormone (not present in tadpoles) to the triclosan. Cathy Propper of Northern Arizona University suggests that the research results indicate that the triclosan molecule may not actually mimic thyroid hormones, but it does interfere with their function and increases the speed of their impact. These studies will be described below in the next section on frog studies. (http://washington.chenw.org/bulletins/CHEWAbulletin11-1-06.html; click on paper 14 in the agenda provided in this URL)

More on animal studies

	Frogs

	Much of the current ongoing research on the effects of triclosan in the environment comes from laboratories at the University of California at Davis (UC-D) and the UVic.

	Fat-soluble triclosan can easily cross cell membranes of aquatic animals. This property presents the potential for bioaccumulation over the full life cycle of frogs. Research shows that triclosan’s hormone disrupting ability can occur at lower than normally considered toxic levels. Details on UVic measurement techniques used to collect quantitative data on the presence of triclosan in animal tissue is located at the URL: http://www.sepscience.com/Sectors/Enviro/Articles/1866-/Development-of-A-Rapid-Liquid-Chromatography-Tandem-Mass-Spectrometry-Method-for-The-Determination-of-Triclosan-in--Animal-Tissue-Matrices.

	In June 2007 Nik Veldhoen of UVic published data from research on the effects of triclosan on the North American bullfrog. This work showed that triclosan induced changes in the thyroid hormone involved in metamorphosis from tadpole to frog by affecting the expression of the hormone receptor involving the binding protein. His team found that when tadpoles were immersed in low environmental concentrations of triclosan, they showed an increase in hind limb development and a decrease in body weight. (http://www.researchgate.net/publication/6783914_The_Bactericidal_Agent_Triclosan_Modulates_Thyroid_HormoneAssociated_Gene_Expression_and_Disrupts_Postembryonic_Anuran_Development)

	As mentioned in the section above, the key to the success of their experimental design was the exposure of tadpoles to a combination of triclosan and thyroid hormones. The accelerated hind-limb development of tadpoles indicated that the signal to turn tadpole fins into frog legs was altered as described in paper number 14:

	This experimental design is very clever because [Helbing] looked at both the presence and absence of thyroid hormone," says Tom Zoeller, an endocrinologist at the University of Massachusetts, Amherst. If Helbing had merely exposed the tadpoles to triclosan alone, she would have missed adverse effects on the thyroid system, he says. But because she added thyroid hormone along with triclosan, she could see that the triclosan made the thyroid hormone much more potent than it would have been under normal circumstances. These results hint that triclosan does not mimic thyroid hormones but instead speeds up their impact, says Cathy Propper, an endocrinologist at Northern Arizona University. Although the mechanism is unknown, triclosan may be making protein receptors in the cell more sensitive to thyroid hormones, Zoeller speculates. Because thyroid-hormone signaling is essential for the development of the human brain and body, the new study raises red flags for human health, Zoeller says.

(http://washington.chenw.org/bulletins/CHEWAbulletin11-1-06.html)

	Another study at several universities in British Columbia, Canada, investigated the effect of triclosan on Pacific tree frogs. Even when the research team found low environmental concentrations of triclosan, the thyroid signalling pathway required for normal growth and development was compromised. This paper discusses the challenges and techniques required to produce reliable data on the amount of triclosan in frog tissues. (http://www.sepscience.com/Sectors/Enviro/Articles/1866-/Development-of-A-Rapid-Liquid-Chromatography-Tandem-Mass-Spectrometry-Method-for-The-Determination-of-Triclosan-in--Animal-Tissue-Matrices)

Rats and mice

	Experiments on mice performed at UC-Davis and the University of Colorado show that triclosan affects the flow of calcium ions through molecular channels in muscle cells. This impairs the contraction of heart and skeletal muscles. Within 20 minutes of exposure to triclosan, mice showed a 25 percent reduction in heart function. In addition, after an hour exposure, the strength of their grip was reduced 18 percent. (http://news.ucdavis.edu/search/news_detail.lasso?id=10301) Additional research details of the laboratory procedures and data obtained by the UC-Davis research team are published by the Proceedings of the National Academy of Sciences (PNAS) in “Triclosan impairs excitation-contraction coupling and Ca2+ dynamics in striated muscle.” (http://www.pnas.org/content/109/35/14158.full)

	An eight month study of adult female rats exposed to triclosan showed estrogen-induced changes in smooth muscle tissue of the uterus. In addition, similar studies of male and female rats found suppression of thyroid hormones. http://toxsci.oxfordjournals.org/content/117/1/45.long)

	Robert Tukey, UC-San Diego, found that triclosan disrupted liver function in mice. Also, when mice were given chemically-induced tumors, those exposed to triclosan for six months (equivalent to 18 human years) had larger and more frequent tumors than seen in mice that were not exposed to triclosan.
(http://news.ucdavis.edu/search/news_detail.lasso?id=11092)

Fish

	In 1998, the U.S. Environmental Protection Agency (EPA) estimated that the U.S. produced more than 1 million pounds of triclosan. Thus, triclosan is continually added to many products, especially those used in personal care. These are washed down the drain to enter our water system. Triclosan has been detected in algae, fish and dolphins. Patricia Fair, research physiologist and author of the National Oceanic and Atmospheric Association (NOAA) dolphin study, reported: “The fact that this chemical is found in the environment and is being detected in a top level predator certainly warrants concern.” (http://www.scientificamerican.com/article/dolphin-development-antibacterial-soap-triclosan/)

	Research at the University of California-Davis and the University of Colorado found that triclosan affects muscle contraction at the cellular level and slows swimming in fish. After a week in triclosan-contaminated water, fathead minnows showed significantly reduced swimming activity. (http://news.ucdavis.edu/search/news_detail.lasso?id=10301)

“Links” to humans

	The U.S. Centers for Disease Control and Prevention (CDC) “Fact Sheet” on triclosan (http://www.cdc.gov/biomonitoring/Triclosan_FactSheet.html) reports that triclosan was detected in the urine of 75% of the people tested in 2003–2004. The CDC “Fourth National Report on Human Exposure to Environmental Chemicals”, February 2015, gives measurements of urinary triclosan. The data table shows amounts by age group, gender and ethnicity for the years 2003–2012. This data is located on pages 26–29 of the CDC report.
(http://www.cdc.gov/biomonitoring/pdf/FourthReport_UpdatedTables_Feb2015.pdf)

	There have been recent concerns about the possible effects on human health, since triclosan has been detected in human breast milk, blood and urine samples as stated in the Harper article and seen in the CDC data. When discussing a possible link between triclosan and allergies, Harper speaks of the importance of recognizing the difference between a link and laboratory data that demonstrates causation. When reading material from the Internet, students will need to make this distinction in order to make reliable claims about environmental concerns.

	Nipavan Chiamvimonvat, UC-Davis professor of cardiovascular medicine, cautioned about extrapolating animal studies to effects on humans. He said, “In patients with underlying heart failure, triclosan could have significant effects because it is so widely used. However, without additional studies, it would be difficult for a physician to distinguish between natural disease progression and an environmental factor such as triclosan.”
(http://news.ucdavis.edu/search/news_detail.lasso?id=10301)

	Tukey, also from UC-Davis, said, “Triclosan’s increasing detection in environmental samples and its increasingly broad use in consumer products may overcome its moderate benefit and present a very real risk of liver toxicity for people, as it does in mice, particularly when combined with other compounds with similar action.” Note that this is a link, not a cause supported by laboratory research. (http://news.ucdavis.edu/search/news_detail.lasso?id=11092)

More on dioxin formation

	About 98 percent of triclosan in waste water is removed from the liquid phase by anaerobic and aerobic bacterial digestion during initial waste water treatment, but much of this is concentrated in the solid sludge (biosolids). Tracing triclosan as it travels beyond the water purification plant into our environment:
· Liquid phase: triclosan returns to streams, lakes, underground water systems
· Solid phase: triclosan trucked to landfills and agricultural fields or bagged as fertilizer for home gardens (Note: Triclosan can bioaccumulate to some degree.) (http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3989550/)
· Solid phase: triclosan incinerated to generate electricity
	(http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3989550/)

	The structural formula, Figure 1 in the Harper article, shows triclosan’s benzene rings and chloride attachments. Chlorinated derivatives of triclosan are formed during chlorination to disinfect drinking water. Upon exposure to the sun’s ultraviolet radiation, these molecules react photochemically to form polychlorinated dibenzo-p-dioxins. (See picture below.) Core samples from Minnesota lakes showed low levels of dioxins prior to triclosan use. Since 1964 when triclosan was patented, the quantity of dioxins has increased in the sediments of lakes that receive discharge from waste water treatment plants (WWTP). In a lake where no wastewater was expelled, no triclosan or its derivatives were detected. (http://pubs.acs.org/doi/abs/10.1021/es3045289?prev=&journalCode=esthag; this URL contains the abstract only; subscription to Environmental Science and Technology is required for full text access.)

Photochemical Formation of Dibenzo-p-dioxins from Triclosan

[image: triclosan in water system ACS]

(http://pubs.acs.org/doi/abs/10.1021/es3045289?prev=&journalCode=esthag)

	When Douglas Latch of Seattle University added triclosan to water in the Suwannee River, Georgia at noon in the summer sunlight, 3–12 percent of the triclosan rapidly photo-degraded to dioxins. (http://www.ncbi.nlm.nih.gov/pubmed/15779749; abstract only available at this URL.)

	Polychlorinated dibenzodioxins (see figure at right) are a group of probable carcinogens that contain two benzene rings, a diether and multiple chlorines. These molecules are fat soluble so they accumulate in the bodies of aquatic animals. Dioxins are considered a serious health threat to humans. Interference with regulatory hormones causing reproductive and development problems and immune system damage may be attributed to heavy exposure. A thorough review of dioxins is located on this URL in a paper accepted by Elsevier from the Chemical Engineering Journal, Hong Kong University, Science and Technology: http://www.hia21.eu/dwnld/20120419_17.pdf.Structure of polychlorinated dibenzo-p-dioxins (n and m can range from 0–4 chlorine atoms)

(https://en.wikipedia.org/wiki/Polychlorinated_dibenzodioxins)


	In addition to photochemical production of dioxins from triclosan, the heat involved in the incineration process used by waste water treatment facilities can also form dioxins from triclosan. (http://www.hia21.eu/dwnld/20120419_17.pdf)

More on U.S. government testing and regulations

	Due to its wide range of uses, triclosan is regulated by three government agencies, the U.S. Food and Drug Administration (FDA), the U.S. Environmental Protection Agency (EPA), and the U.S. Consumer Product Safety Commission (CPSC). Each regulatory body covers different types of products:
· FDA: foods, drugs, medical supplies, cosmetics, tobacco, veterinary products
· EPA: drinking water, pesticides, indirect food use (e.g., plastic food storage containers, fabrics)
· CPSC: ensures safety of consumer products, their sale and manufacture (e.g., children’s cribs, all-terrain vehicles)
(http://www.fda.gov/AboutFDA/Transparency/Basics/ucm194879.htm)

	The FDA is responsible for products intended for use on the human body and the EPA covers uses not applied to the human body. If a product claims to “kill germs” such as triclosan-containing soap, FDA classifies it as a “drug”; if it makes only cosmetic claims such as “improves skin” or “fights odors”, it is considered a cosmetic. The EPA’s jurisdiction includes all products not intended for use on the human body, such as kitchen cleaners and hospital disinfectants. These are categorized as “pesticides”.

	The FDA has approved the addition of triclosan to Colgate Total toothpaste because evidence shows that the triclosan in this product is effective against gingivitis. Thus, it is considered a “drug”. In terms of its use in antibiotic-resistant soaps, the FDA has received no evidence that it provides an extra health benefit so it is classified as a “cosmetic”. In fact, the FDA has not accepted evidence that soap products containing triclosan are more effective than soap and water. (http://www.fda.gov/ForConsumers/ConsumerUpdates/ucm205999.htm)

More on FDA and EPA working together on triclosan

	Since uses for triclosan involve both FDA and EPA jurisdictions, the two agencies are working together to determine government consistency on regulations. Sharing data from human clinical trials and animal studies enhances their ability to thoroughly evaluate the benefits and risks of triclosan use on human health.
[bookmark: epa](http://www.fda.gov/ForConsumers/ConsumerUpdates/ucm378393.htm)

	Both the FDA and EPA regulate using risk-benefit analysis based on data obtained from human and animal studies. The burden of truth is placed on the manufacturer. For approval, the drug must be deemed safe and effective for its intended use, benefits must outweigh risks, labeling must be appropriate and before the expiration date the drug’s purity, quality and strength must be guaranteed. Regulations are explained on page 14 of this URL: https://www.beyondpesticides.org/assets/media/documents/pesticides/factsheets/Triclosan%20cited.pdf.

	The EPA requires a comprehensive risk assessment for all registered uses of a chemical. The Reregistration Eligibility Decision (RED) application for triclosan covers 99 pages and includes data for human health concerns, environmental exposure and associated risks. Although there is no direct food use of triclosan, this paper describes and evaluates indirect uses such as for paper, cutting boards and counter tops. In March 2005, EPA classified triclosan as “Not Likely to be Carcinogenic to Humans”.
(http://archive.epa.gov/pesticides/reregistration/web/pdf/2340red.pdf)

More on information for consumers

	The FDA published a bulleted list of “What Consumers Should Know” (about triclosan-containing products). Information was updated November 25, 2013:
· Triclosan is not known to be hazardous to humans.
· FDA does not have sufficient safety evidence to recommend changing consumer use of products that contain triclosan at this time.
· In light of questions raised by recent animal studies of triclosan, FDA is reviewing all of the available evidence on this ingredient’s safety in consumer products. FDA will communicate the findings of its review to the public in winter 2012.
· At this time, FDA does not have evidence that triclosan added to antibacterial soaps and body washes provides extra health benefits over soap and water. Consumers concerned about using hand and body soaps with triclosan should wash with regular soap and water.
· Consumers can check product labels to find out whether products contain triclosan.
(http://www.fda.gov/forconsumers/consumerupdates/ucm205999.htm)

More on International regulations

	The Scientific Committee on Consumer Safety (SCCS) of the European Commission provides opinions on health and safety risks of nonfood consumer products (such as triclosan) and services. On April 9, 2014 they issued “Commission Regulation (EU) No 358/2014”. Item number 3 concerns the use of triclosan (Note: SCCP is the acronym for Scientific Committee on Consumer Products.):

3)	The SCCP considered that the continued use of triclosan as a preservative at the current maximum concentration limit of 0,3 % in all cosmetic products is not safe for the consumer because of the magnitude of the aggregate exposure, and the SCCS confirmed this position. However, the SCCP considered that its use at a maximum concentration of 0,3 % in toothpastes, hand soaps, body soaps/shower gels and deodorants, face powders and blemish concealers is safe. In addition, the SCCS considered that other uses of triclosan in nail products where the intended use is to clean the fingernails and toenails before the application of artificial nail systems at a maximum concentration of 0,3 % and in mouthwashes at a maximum concentration of 0,2 % are safe for the consumer.

(http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=uriserv:OJ.L_.2014.107.01.0005.01.ENG)

	Beginning in 2010, the German Federal Institute for Risk Management (BfR) banned the use of triclosan in food contact plastics. The BfR also released this statement, “Triclosan is often present in very low concentrations and it is used although it does not offer any hygiene advantages that could not be achieved with conventional cleaning agents.”
(http://www.bfr.bund.de/cm/349/bfr_supports_ban_on_triclosan_in_food_contact_materials.pdf)



More on nongovernmental organizations (NGOs)

	NGOs are policy and action groups that provide information to consumers and advocate for consumer rights and protections. Among other projects, they aim to protect people from false information in advertising, food labeling (including additives like triclosan) and biotechnology.

	Often, effective ways to encourage companies to consider consumer needs involve posting concerns online, lobbying and urging people to boycott a product. The Harper triclosan article reports that two NGOs, the Campaign for Safe Cosmetics and the Center for Environmental Health, sent alerts to their supporters regarding triclosan in Bath and Body Works’ teenage focused soaps. A blog on “non-toxic kids”, another NGO, urges readers to take a “Triclosan-Free pledge” and address their concerns to EPA and the CEO of Bath and Body Works. This blog contains an embedded link to the address for the CEO. (http://non-toxickids.net/2011/07/bath-and-body-works-take-toxic.html)

	Perhaps at the urgings of NGOs, Bath and Body has introduced a newly formulated “Deep Cleansing Hand Soap” that has “antibacterial” dropped from its name. In other words, their spring 2014 soaps are triclosan-free. (http://www.musingsofamuse.com/2014/02/bath-body-works-relaunches-hand-soaps-spring-2014.html)

More on how to identify NGO sites

	When students are looking for reliable information to support their claims regarding triclosan, they should be aware that NGOs are usually supported by private donations (a link button frequently appears on the website) and/or supported by products that they sell. For example:
· The blog on the non-toxic kids site mentioned in this Teacher’s Guide section above contains advertisements for the blogger’s books
· Ciba Specialty Chemicals (maker of triclosan) posted an article on Chemical Industry News and Market Intelligence titled: “Ciba defends antibacterial triclosan in soap”. (http://www.icis.com/resources/news/2008/06/23/9132724/ciba-defends-antibacterial-triclosan-in-soap/)
· The NGO Food & Water Watch page has a link to “Donate” where the article “What’s lurking in your soap? The trouble with triclosan” is located. (https://www.foodandwaterwatch.org/insight/what%E2%80%99s-lurking-your-soap-trouble-triclosan)
·  The NGO The Environmental Working Group advocates in areas of toxic chemicals. Enter the home page and a giant pop-up appears with, “Help EWG Fight -- DONATE”. (http://www.ewg.org/)

	Currently many are campaigning for removal of triclosan from products by implying that consumers should boycott triclosan-containing products based on “links” to animal research that they imply as “causes” of illnesses. Reliable NGOs will provide verifiable sources of information such as peer-reviewed journals or U.S. government Web sites.

	Others provide no information sources. The Washington Post reports that Brian Sansoni, representative of the U.S. cleaning products industry, considers triclosan concerns unfounded. He says, “These products and ingredients have been reviewed, regulated and researched for decades," and "We believe the science strongly supports the safety and efficacy of these products. It's more important than ever that consumers continue to have access to these products. It's a time of increased threats from disease and germs." (http://www.washingtonpost.com/wp-dyn/content/article/2010/04/07/AR2010040704621.html)

	The boxed list of guidelines for evaluating Internet claims on page 25 of the Harper article is an excellent resource for students.

[bookmark: _Toc212568409][bookmark: _Toc436744480]Connections to Chemistry Concepts (for correlation to course curriculum)

1. Organic structural diagrams—Figure 1a in the Harper article provides the opportunity to discuss the stability of benzene rings as well as pointing out that oxygen joins the two rings as a slightly bent ether structure and a hydroxyl group, plus 3 chlorines are attached to the rings.
2. Mechanisms of enzymes and structural mimicry—Students who have studied biology may be familiar with the “lock and key” description of enzymatic actions. Ask them to try to visualize how the benzene rings of triclosan (Figure 1a) can fit into and block the sites where thyroxine (1b) and estradiol (1c) hormones normally bind.
3. Organic catalysis—Students may be familiar with the sometimes spectacular, explosive effects of adding an inorganic catalyst to a reaction (e.g., adding a piece aluminum foil to a saturated copper sulfate solution to show the slow reaction, then adding 3 M hydrochloric acid to catalyze the reaction; then, asking students to consider what would happen if this rapid reaction occurred in their bodies). Biochemical reactions that involve breaking covalent bonds must be slower (even when catalyzed by enzymes) to prevent stress or even death of the host.
4. Chemical Bonding—The difference between inorganic and organic catalysis explained in number 3 above provides the opportunity to discuss and compare ionic and covalent bonding.
5. Hormones—Hormones function as enzymes (organic catalysts). There may be students in your classroom who are familiar with thyroid deficiencies. For example, goiter may be caused by an iodine deficiency. To avoid this problem, many countries add elemental iodine to table salt. In the chemistry lab, iodized salt will form a slightly cloudy solution so teachers purchase non-iodized salt for laboratory use. This presents an opportunity to bring some supermarket chemistry into your course.
6. Fatty acids—Students may require some help understanding the processes involved in bacterial fatty acid formation. To enhance student interest, a hands-on laboratory experience for making biodiesel from fatty acids is suggested as “In-Class Activities” number 4 in this Teacher’s Guide.
7. Scientific Process—The Harper triclosan article presents the opportunity to discuss how scientists use experimental design to solve problems. For example, one well planned experiment involves exposing people to triclosan before their allergies begin.
8. Evaluation of scientific claims—As preparation for student research projects, a discussion of methods to evaluate the reliability of claims is essential. Guidelines given in boxed information in the Harper article will provide a good beginning.

[bookmark: _Toc212568410][bookmark: _Toc436744481]Possible Student Misconceptions (to aid teacher in addressing misconceptions)

1. “I think that I’ll just stop using all hand sanitizers due to the possible effects of triclosan on teenagers.” Read labels carefully. Many products sanitize with chemicals such as ethyl alcohol rather than triclosan.
2. “There is probably no way that I can tell if my hand soap contains triclosan.” Antibacterial soaps are considered over-the-counter drugs by the U.S. Food and Drug Administration (FDA). If your soap contains triclosan, it will be listed in the Drug Facts box on the soap wrapper.
3.  “Since triclosan is in our environment, the U.S. Environmental Protection Agency (EPA) should regulate its use in toothpaste.” The EPA regulates triclosan in pesticides but over-the-counter products such as toothpaste are regulated by the FDA.
4. “It would be easier if all triclosan products were banned.” Hospital based uses including scrubs for surgeons are often essential to curtail life-threatening bacterial infections.
5. “I work out a lot and am very healthy, so I’ll skip the flu shot and use triclosan-containing soap to kill dangerous bacteria.” Triclosan will kill bacteria, but a flu vaccine is needed to prevent influenza because the flu is caused by viruses, not bacteria.
6. “My family always uses antibacterial soap with triclosan; it is a little more expensive but when it comes to protecting our family’s health, we feel that the extra protection is more important than the cost.” Studies have shown that triclosan-containing products are not significantly better at killing germs than plain soap. While plain soap and water go a long way toward protecting your health, additional studies are required to assess the possible long-term effects of triclosan on the human body, and animal studies have shown severe effects on the reproductive and metabolic processes of fish, frogs and mice.

[bookmark: _Toc436744482]Anticipating Student Questions (answers to questions students might ask in class)

1. “I’ve never heard of the Campaign for Safe Cosmetics; is this something from the government?” The Campaign for Safe Cosmetics is not a U.S. government program. It is a non-profit environmental working group that advocates for the removal of toxic chemicals from the environment by providing information to the public.
2. “If triclosan can cause health problems, why is it added to the material used to make children’s toys?” Triclosan’s ability to kill bacteria has made it a choice addition to reduce bacterial contamination of materials used to make children’s toys.
3. “Why are large corporations removing triclosan from their products?” Many corporations are removing triclosan from their products, most often in response to customer concerns.
4. “What does it mean when the article says, ‘show correlation but not causation’? “For example: Showing “correlation” means that triclosan and allergic reactions are linked; “not causation” means that triclosan may not cause allergic reactions.
5. “Why do doctors say that we need some bacteria on our skin?” Not all bacteria are harmful, most of them are important to our health and they play an important role in preventing the colonization of harmful bacteria.
6. “What do triclosan-affected frogs look like?” Triclosan affects the normal hormonal process involved in the metamorphosis of tadpoles to frogs. When tadpoles are exposed to triclosan, their fins do not develop as normal hind legs of frogs, indicating a disruption of the production of the thyroid hormones.
7. “The molecules of triclosan and thyroxine look different to me, so how can triclosan mimic them?” While the molecular structures are not identical, they both contain benzene rings. This implies that the ring(s) of triclosan can lock into the normal thyroxine site.
8. “How can I tell if there is triclosan in a product that I am using?” If an over-the-counter product contains triclosan, it must be listed as an ingredient on the label.
9. “Does Bath and Body Works still sell “Tangelo Orange Twist” and “Sugar Lemon Fizz” soaps containing triclosan?” No, due to customer concerns, Bath and Body Works has introduced a new line of soaps that do not contain triclosan.

[bookmark: _Toc436744483]In-Class Activities (lesson ideas, including labs & demonstrations)

1. Review organic nomenclature by asking student groups to match the chemical name for triclosan to its chemical structure as shown in the Harper article. The name accepted by the International Union of Pure and Applied Chemistry (IUPAC) is 5-chloro-2-(2,4-dichlorophenoxy)phenol. There are several other names for the same structure used in scientific journals. Probably an easier name for students to dissect is: 2,4,4’-trichloro-2’-hydroxydiphenyl ether. Student groups will easily see the 3 chlorines as trichloro; recognize the hydroxy as the –OH group; note that diphenyl indicates 2 benzene rings and learn that the ether functional group –O– joins the two rings.
2. The six-minute YouTube video from the University of Oklahoma, “The Ancestral Human Microbiome—Adventures in Genomics” can be used to provide a good introduction to the significance of the decrease in microbiome diversity in industrial societies and the future challenges that this involves. Although triclosan is not mentioned, the video could lead to a student discussion and sharing of the prevalence of antibacterial products such as triclosan in their everyday lives. (https://www.youtube.com/watch?v=UNm8dVHBA7I)
3. Here’s a hands-on laboratory activity to test the effects of triclosan: Students will make two lines on each of two agar plates with their unwashed fingers. One plate will be the control, the other will be prepared by mixing a small amount of triclosan-containing material (such as antibacterial soap, Colgate toothpaste, etc.) before agar is poured. After incubation, compare the amount of plate growth to determine if (and how much) triclosan affects the hand microbiome. Ask a biology teacher for instructions on preparing sterile plates, incubation, student safety and disposal. These URLs contain labs that can be modified for this experiment: (http://www.geglobalresearch.com/blog/comparing-application-methods-for-antibacterial-hand-lotion and http://www.biologycorner.com/worksheets/bacteria_lab.html)
4. “Synthesizing and Evaluating Biodiesel Fuel” is a laboratory exercise from the American Chemical Society text Chemistry in the Community, 6th Edition, Experiment 4D.8. In this experiment, students will prepare an ester using fatty acids (canola oil, a triglyceride composed of glycerol bonded to three fatty acids), alcohol (methanol), catalyst (potassium hydroxide), and salt (to dehydrate the product). Note: Many similar laboratory procedures can be accessed on the Internet. For example, Loyola University of Chicago allows free access to both a teacher’s manual and the student lab at http://web.cals.uidaho.edu/biodiesel/high-school-curriculum/.
5. You could set up an in-class discussion on the choice to use antibiotics such as triclosan: This TEDX Cambridge talk provides extensive background information on the microbiome and the implications for health when it is altered by antibiotics. Bernat Olle presents an interesting personal scenario of illness during his honeymoon in Nepal. He and his bride are hundreds of miles from a hospital. The video runs 17.45 minutes so you may choose to use clips from it or ask students to view it at home. (https://www.youtube.com/watch?v=yScP4Cm0-gE)
6. Catalysis Activity: Demonstrate or design a student lab to study the difference in rate between inorganic catalysts and enzymes. Study the rate of decomposition of household hydrogen peroxide by adding small pieces of fruit containing enzymes (potato, apple, banana, etc.) compared to the rate of decomposition with a small amount of iron (III) chloride or potassium iodide, inorganic catalysts. The rate can be compared by counting the bubbles of O2 released per minute during decomposition.

[bookmark: _Toc436744484]Out-of-Class Activities and Projects (student research, class projects)

1. [bookmark: _Toc212568414]Prepare for classroom debate: Should triclosan be banned? The side bar for the Harper article contains some guidelines to help students evaluate the scientific validity of material that they find on the Internet. Stress the importance of using data from reliable sources to support their arguments.
2. Hold a contest: Ask students, “Who can find the most commercial products that contain triclosan?” Tell students to construct a data table to record the name of the item, the manufacturer and the percent of triclosan in the product. This could lead to a classroom discussion about the type of products that contain triclosan, the reason for its inclusion and the students’ thoughts and concerns about the importance of the use of triclosan in certain consumer products.
3. Ask students to write a letter or an editorial for their school or local paper expressing their views on the use of triclosan.
4. A paper, debate or discussion on the use of antibiotics and antibacterial agents such as triclosan could be introduced by a “view at home” Technology, Entertainment and Design (TED) talk (17.29 minutes) featuring Clair Fraser, Director of the Institute for Genome Sciences at the University of Maryland School of Medicine. This talk presents data to support the hypothesis that frequent use of antibiotics to treat childhood diseases may create less diversity and cause less stability of the human microbiome leading to increased susceptibility to illnesses such as asthma and allergies. (https://www.youtube.com/watch?v=GSRGlbXkJs4)



[bookmark: _Toc436744485]References (non-Web-based information sources)

[bookmark: _Toc212568415]30 Years of ChemMatters

Available Now!

The references below can be found on the ChemMatters 30-year DVD (which includes all articles published during the years 1983 through April 2013 and all available Teacher’s Guides, beginning February 1990). The DVD is available from the American Chemical Society for $42 (or $135 for a site/school license) at this site: http://ww.acs.org/chemmatters. Click on the “Archive” tab in the middle of the screen just under the ChemMatters logo. On this new page click on the “Get 30 Years of ChemMatters on DVD!” tab at the right for more information and to purchase the DVD.

Selected articles and the complete set of Teacher’s Guides for all issues from the past three years are available free online at the same Web site, above. Simply access the link and click on the aforementioned “Archive” tab.


Baxter, R. Antibacterials─Fighting Infection Where it Lives. ChemMatters, 2002, 20 (3), pp 10–11. Baxter says that some doctors and scientists are concerned because triclosan kills good as well as bad bacteria, and its use may lead to bacterial resistance.

Washam, C. Drugs down the Drain. ChemMatters, 2011, 29 (1), pp 11–13. Washam discusses the problem of drugs including triclosan going through wastewater treatment facilities and reacting with the chlorine used to disinfect wastewater. The article reports that the city of Palo Alto, CA has banned the use of triclosan-containing soap from its government facilities.

Sitzman, B. and Goode, R. Hand Sanitizers, Soaps, and Antibacterial Agents: The Dirt on Getting Clean. ChemMatters, 2011, 29 (4), p 4. This article describes the potential problems involved in the overuse of antibiotic cleaners such as triclosan and asks students to consider whether they should be banned from over-the-counter products.

Haines, G. Mascara: That Lush Look You Love. ChemMatters, 2012, 30 (4), pp 14–15. Mascara contains parabens for preservation because they kill molds and bacteria, as does triclosan. Haines says that parabens may cause cancer and hormone imbalance.

Pickett, M. Underarm yourself with Chemistry. ChemMatters, 2014, 32 (2), pp 6–8. This article describes the role of triclosan in deodorants. Triclosan has been used since 1972 to kill odor-producing bacteria.

Gmurczyk, M. Parabens: A Source of Concern? ChemMatters, 2015, 33 (2), pp 8–9. Parabens are molecules that mimic estrogen. Parabens are used as preservatives in cosmetics, resist molds and bacteria, and may cause cancer and hormonal imbalance. They are thought to be safe for food and drugs, but they are found in breast cancers. As discussed in the Harper article, triclosan can also mimic estrogen. This might be another topic for the “correlation or causation” debate.
____________________

Abstracts for the following archived references to Chemical and Engineering News are available only to members of the American Chemical Society; members can purchase the full text for a nominal fee.

Kemsley, J. Triclosan under the Microscope. Chemical and Engineering News, 2014, 92 (25), pp 10–23. Scientists question whether the benefits outweigh the risks of the use of triclosan in every day products.

	Erickson, B. Personal Care Experts, Advocates Question Safety of the Antibacterial Triclosan in Toothpaste. Chemical and Engineering News, 2014, 92 (33), p 7. An activist group, the Natural Resources Defense Council has filed a lawsuit against the FDA, using data that shows a link between triclosan and fetal bone malformation in animals. Colgate claims that this is “irrelevant to human health” and that triclosan is “safe and effective for treating gingivitis”.

	Hogue, C. Legislatures Acted on Triclosan, Microbeads, and Flame Retardants. Chemical and Engineering News, 2014, 92 (51), p 32. In the absence of federal legislation, states are beginning to regulate the use of triclosan in commercial products.

[bookmark: _Toc436744486]Web Sites for Additional Information (Web-based information sources)

More sites on the microbiome

	This link presents data from studies done by the University of Utah Health Sciences. The human biome is described in several different age stages from baby to adult. Each stage is accompanied with a nicely done sketch that you may want to share with your students.
(http://learn.genetics.utah.edu/content/microbiome/changing/)

More sites on triclosan data

	PubChem, an open chemistry data base, provides comprehensive details about the characteristics and chemistry of triclosan. Listed are the physical characteristics, chemical structure, supply vendors, biochemistry, safety precautions and disposal and details of biological test procedures with their results.
The site lists sixteen categories, each contains embedded links to additional information. Some that might be of particular interest your students include:
· 4─Chemical and Physical Properties of Triclosan
· 9.1─Methods of Manufacturing
· 11.1.1─Safety and Hazard identification
· 13.2─Literature with links to PubMed citations of research into triclosan’s effects on allergen sensitivity, asthma and hypertension as well as research on links between triclosan toothpaste and cardiovascular diseases
(http://pubchem.ncbi.nlm.nih.gov/compound/triclosan)

More sites on cause vs correlation

	The cover story in this September 28, 2015 Chemical and Engineering News article discusses the extensive current research to discover the connections between the human microbiome (including bacteria) and our health. This article states, “In many cases, the findings are merely correlations. Researchers still need to prove that an imbalance in the microbial community is a cause or contributor, rather than a consequence, of disease.” In addition to describing research on the human microbiome and ways to use small molecules to modify microbe-human interactions, this article suggests the importance of understanding the possible long-term outcomes before attempting to alter the human microbiome. The ethics of when to apply and how to use scientific data is implied. You may find that this provides an opportunity to discuss scientific ethics with your students.
(http://cen.acs.org/articles/93/i38/Harnessing-Hordes-Microbiome.html?type=paidArticleContent; the article is available only to ACS members at this same URL.)



[bookmark: _Toc436744487]Double, Double, Oil and Trouble
[bookmark: _Toc436744488]Background Information (teacher information)

More on Student Questions

We provide here a slightly more complete answer to several of the student questions, to help students better understand the answers above that we provided from the article.

 Question 2: Describe an ester bond, which is the bond that links fatty acids to the glycerol backbone is a triglyceride molecule.
As the ester bond forms, the hydrogen from the –OH and the –OH from the carboxyl group form water. In the diagram below the ester bonds are shaded in yellow on the left.

(http://www.gradeboosters.co.uk/Biology-Bio_Molecules_page_2.php)

Question 4: Describe the cis and trans form of double bonds.
If we think of a plane running through the bonds we can think about atoms being on one side or other of the plane surface. As the article describes, if the hydrogen atoms connected to the carbon atoms in a double bond are on the same side of the plane, then we call that arrangement the cis form. If the hydrogens are on opposite sides of the imaginary plane surface then we have the trans arrangement. The diagram below illustrates the two forms.

(http://2012books.lardbucket.org/books/introduction-to-chemistry-general-organic-and-biological/s20-lipids.html)

Note that the cis and trans forms have the same composition, but different structures. This difference in structure creates differences in macroscopic properties of the substances. See “More on the chemistry of fatty acids and fats” for actual structures and additional details.

Question 6: How are omega-fatty acids named?
The numbering of the carbon atoms at the far end of the molecule, away from the carboxyl group, begins with the carbon farthest left in the formula below. The location of the first carbon atom in a double bond in the molecule is labeled “3” so this is an omega-3 fatty acid.

(http://www.easynotecards.com/notecard_set/7197 )

More on food, fats and disease in the American diet

	The struggle to find an evidenced-based balanced diet described in the Warmflash article is a microcosm of the national (and international) debate about the recommended components of a healthy diet and the evidence to support the claims. Medical societies, the federal government and even individual authors have cited evidence and made claims for one “diet” or another. When we look back at food and disease in America, we see that much of the recent debate, meaning post World War II, has been about the effect of food nutrients on cancer, heart disease or obesity. We will focus more on these issues in the last section of the Teacher’s Guide.

	We will return to developments in the debate about the health effects of dietary fats in the last section of the Teacher’s Guide, and review current findings about the role of fats in our diet.	

More on the chemistry of fatty acids and fats

	In order to understand omega-3 fats, your students will need to have a broader understanding of fatty acids and fats (lipids). In this section of the Teacher’s Guide we will explain the basic chemistry of fats. The following text is adapted from the Teacher’s Guide accompanying the April, 2015 ChemMatters article Pickett, M. The Skinny on Fats. ChemMatters, 2015, 33 (2) pp 16–18.

Let’s look at the chemistry of lipids, starting with their basic structure. Think of the lipid molecule as having two parts—a fatty acid component and a glycerol component. Fatty acids are just carboxylic acids with long carbon chains (see diagram at right). The example in the diagram is palmitic acid. This 15-carbon alkane chain is a typical example, since most fatty acids have chains from 16-18 carbons. The part of the structure at right in the diagram above is a carboxylic acid functional group made up of a carbon atom, two oxygen atoms and a hydrogen atom. The carboxylic acid “end” of the molecule has acid properties and is polar, but the long alkane chain is non-polar. For fatty acids with longer hydrocarbon chains, the entire molecule is nonpolar, which makes it hydrophobic.(http://www.longevinst.org/nlt/nlt15fattyacid.htm)


	The long hydrocarbon chains in fatty acids may contain all single covalent bonds between the carbon atoms, or one or more of the carbon-carbon bonds may be double covalent bonds. If all the carbon-carbon bonds are single covalent bonds then the molecule is considered saturated. If one or more of the bonds is a double covalent bond, the molecule is unsaturated. An example of a saturated fatty acid and an unsaturated fatty acid are shown in the diagrams below.


Lauric acid is a saturated fatty acid. Notice that all the C-C bonds are single bonds.
(http://www.raw-milk-facts.com/fatty_acids_T3.html)


Oleic acid is an unsaturated fatty acid because there is a double bond between two of the carbon atoms in the chain. In the diagram, oleic acid is labeled as a “monounsaturated” fatty acid because there is only one double bond. If there were more than one double bond in the molecule, it would be a polyunsaturated fatty acid.
         (http://www.foodnetworksolution.com/wiki/word/1643/oleic-acid)


Such a fatty acid, alpha-linoleic acid, is polyunsaturated as shown below by the arrows pointing to the two double bonds.(http://modernherbalmedicine.com/articles/fat-facts-2.html?page=3)









So we can have saturated fatty acids or unsaturated fatty acids, and within the latter category we can have monounsaturated and polyunsaturated compounds. Omega fatty acids are polyunsaturated fatty acids. (PUFAs) This nomenclature carries through to fats themselves. More on this later.

	Another important factor in the chemistry of fatty acids (and fats) is the fact that saturated and unsaturated fatty acids differ in their molecular geometry. Molecules of saturated fatty acids have a more linear configuration. The C-C bonds in the molecule are sp3 hybrids with resulting bond angle of 109.47o. The chain of carbon atoms, however, forms a general straight-line shape, allowing the somewhat linear adjacent molecules to “pack” close together. This closer packing results in somewhat stronger intermolecular forces between molecules of saturated fatty acids. The forces are, in fact, dispersion forces. Recall that London dispersion forces are temporary attractive forces that result from the electrons in two adjacent atoms occupying positions that make the atoms form temporary instantaneous dipoles.

	London forces are the attractive forces in nonpolar substances, like the long chains in fatty acids, as shown in the upper diagram, at right. They are the weakest of the van der Waals forces. Because these dispersion forces in saturated fatty acids are stronger than they are in unsaturated fatty acids, saturated fatty acids are mostly solids at room temperature. On the other hand, unsaturated fatty acid molecules have one or more “kinks” or bends resulting from the shape of the double bond(s)—see lower diagram at right. These molecules cannot pack as closely and, therefore, exhibit weaker dispersion forces. Most of these fatty acids are liquids at room temperature.(http://telstar.ote.cmu.edu/biology/MembranePage/index2.html)


The other major component of fats is glycerol, which is an organic alcohol, meaning that, within the chemical structure, there is at least one alcohol functional group, –OH. Glycerol is a tri-alcohol, so there are three –OH groups. The structure for glycerol is shown at right. It is also known as glycerine, and its IUPAC name is 
1,2,3-trihydroxypropane. Glycerol

(http://biobook.nerinxhs.org/bb/cells/biochemistry/1000px-Glycerin_-_Glycerol.svg.png)


In its pure form glycerol has the following properties:
Formula: C3H8O3
Molar mass: 92.09 g/mol
Appearance: colorless liquid
Taste: sweet
Odor: odorless
Density: 1.261 g/mL
M.P: 17.8 oC
B.P.: 290 oC
Soluble in water
Forms orthorhombic crystals when cooled below 0 oC

	Industrially it can be produced from plants like soybean. More than 950,000 tons of glycerol are produced in the U.S. each year. In food and beverages it is used as a humectant (a moistener) and a sweetener, where it has an energy density similar to sugar. It serves to improve smoothness in personal-care products like cough syrups, toothpastes, hair-care products and soaps. At one time it was a component of anti-freeze, where it interferes with water-water hydrogen bonds to lower the freezing point of the mixture.

All fats are a combination of a glycerol backbone and three fatty acid chains in what is chemically an ester. As illustrated in the diagram below, the fatty acid molecules are added to the glycerol backbone by means of ester bonding. Since there are three of these bonds in every lipid or fat molecule, they are commonly known as triglycerides.


(http://www.ck12.org/book/CK-12-Chemistry-Intermediate/section/26.3/)

Even though the glycerol is polar and water soluble, the longer fatty acid chains are non-polar and insoluble, and the properties of lipids tend to be dominated by fatty acid properties. So what we need to focus on are the lipid properties that result from those fatty acid properties.

Your students will likely remember from biology class that fat molecules store more than twice as much energy as carbohydrates or proteins—37.8 kJ/g (9 kcal/g) for fats vs. 16.7 kJ/g (4 kcal/g) for carbohydrates and proteins. Because the body stores energy primarily as fat, it is worth noting that restricting fats in the diet is often seen as a healthy step. Taking into account the fact that most of the energy supplied to the body is the result of the oxidation of fats and carbohydrates, restricting fat intake might not be a good idea. In fact, people who adhere to a low-fat or fat-free diet often increase their carbohydrate intake in order to maintain their energy.

	A ChemMatters article reviews many of the issues that fats have traditionally presented for American diets:

The term “fat” does not refer to one particular molecule, but rather to a large number of possible molecules with similar structures. All fat molecules—whether in solid or liquid fat—are formed by attaching three molecules of fatty acids to one molecule of glycerol.

Fats get their special chemical properties and health effects from the kinds of fatty acids they contain. Fatty acids are carbon chains that may have from 3 to 18 carbon atoms. The chain may also contain one or more carbon–carbon double bonds. Fatty acids are called polyunsaturated if there are two or more double bonds; monounsaturated, if there is one, and saturated, if there are none. Saturated means that the carbon atoms in the hydrocarbon chain are bonded to the maximum possible number of hydrogen atoms—not the case when there are double bonds present.

Polyunsaturated fats like corn and safflower oil and monounsaturated fats like olive and canola oil tend to be liquids at room temperature. Saturated fats like butter and lard are solids.

The article continues:

One important step toward lowering the risk of heart disease is to reduce the amount of trans fatty acids we consume. When a carbon–carbon double bond exists in a hydrocarbon chain, there are two different ways of arranging the hydrogen atoms attached to the two carbons. They can be placed on the same side of the double bond, an arrangement called the cis configuration, or they can be placed on opposite sides of the carbon–carbon double bond—the trans configuration.

Natural unsaturated fats have double bonds in the cis configuration. During food manufacturing, however, that cis configuration can be altered. In preparing many products—margarine, for example—manufacturers expose polyunsaturated oils to hydrogen. This process, called hydrogenation, is used to convert the liquid oil to a solid spreadable product. Hydrogenation eliminates some of the double bonds by saturating them with hydrogen. The remaining double bonds are converted to the trans configuration.

Several studies now suggest that trans fatty acids tend to raise blood cholesterol levels more than cis fatty acids, although not as much as saturated fats. Based on these studies, authorities like the American Heart Association have recommended that people try to use oils that haven’t been hydrogenated.

(Banks, P. Fats—Fitting Them into a Healthy Diet. ChemMatters, 2000, 18 (3), pp 6–8)

We should include here a very brief review of the language and names of compound classes. As noted above, the term “lipid” is a very general term to designate organic compounds that include fats, oils, waxes and steroids, and assorted other compounds. What they have in common is that they are all hydrophobic, as noted above. This is not a very satisfying or specific definition. Among chemists a better definition would be “Lipids are fatty acids and their derivatives, and substances related biosynthetically or functionally to these compounds.” Triglycerides, then, are esters made up of a glycerol—an organic alcohol—backbone and three fatty acids.

In most common uses, the term “triglyceride” and the term “fat” are synonymous. Fats can be either unsaturated or saturated, as noted above, and saturated fats may be monounsaturated (one double bond in the molecule) or polyunsaturated (more than one double bond). Saturated fats have different health implications from unsaturated fats. And if the fat is unsaturated the molecule may exist in more than one isomeric form, called either cis or trans. In the cis isomer the atoms attached to the doubled bonded carbons are arranged on the same side of the double bond and in the trans isomer those atoms are on opposite sides of the double bond. This shift also changes the properties of the molecules. Your students will have seen references to this issue because of the negative publicity about “trans-fats.”

Recall from earlier in this section of the Teacher’s Guide that fats (triglycerides) are made up of three fatty acid molecules and a glycerol molecule that acts as a backbone for the larger molecule. Because the fatty acid components of fat molecules tend to be longer –C-C– chains, the properties of these fatty acids determine the overall properties of the molecule. As we think about fats and diet and health, we need to remember that fatty acids (and, therefore, fats) may be either saturated or unsaturated. Also recall that these saturated molecules are generally linear in shape and so “stack” together so that there are relatively strong London dispersion forces between them. The existence of these attractive forces means that the melting points of saturated fats are high relative to other fats, and this, in turn, means that saturated fats tend to be solids at room temperature. So we find saturated fats in foods like the ones listed on the American Heart Association web site:


Saturated fats occur naturally in many foods. The majority come mainly from animal sources, including meat and dairy products. Examples are:
· [image: http://upload.wikimedia.org/wikipedia/commons/f/fd/Western-pack-butter.jpg]fatty beef,
· lamb,
· pork,
· poultry with skin,
· beef fat (tallow),
· lard and cream,
· butter,(http://en.wikipedia.org/wiki/Butter)

· cheese and
· other dairy products made from whole or reduced-fat (2 percent) milk.

(https://www.heart.org/HEARTORG/GettingHealthy/NutritionCenter/HealthyEating/Saturated-Fats_UCM_301110_Article.jsp)

	Fats that contain one or more double covalent bonds are labeled “unsaturated” because additional hydrogen atoms could be added to some of the carbon atoms. There may be one double bond (monounsaturated) or multiple double bonds (polyunsaturated) in the molecule. The existence of double bonds has an effect on the molecular geometry. Molecules of unsaturated fats have slight bends or “kinks” in them, making it difficult for neighboring molecules to pack tightly together as saturated molecules can.(http://creationwiki.org/pool/images/7/74/Triglyceride.gif)


The molecule diagrammed at left shows the bending of the fat molecule at the double bond. As a result the London dispersion forces between unsaturated molecules are weaker, resulting in lower melting points. So, unsaturated fats tend to be liquids at room temperature. Sources of unsaturated fats include canola oil, peanut oil, olive oil, avocados, almonds, hazelnuts, pecans, pumpkin seeds, sesame seeds, sunflower oil, corn oil, soybean oil, flax seeds, walnuts, and fish.

	Trans fats are man-made (although some animals produce small amounts) and the least healthy type. It can lead to serious health problems The major issue is that trans fat tends to raise "bad" LDL- cholesterol and lower "good" HDL- cholesterol, although not as much as saturated fat.


[image: Cis Trans Isomers of Fatty Acids]	To the right is a diagram of cis and trans isomers for a fatty acid. The position of the hydrogen atoms (in green) that are attached to the double-bonded carbon atoms determine the isomer. In the lower structure both hydrogen atoms are on the same “side” of the double bond, making it the cis isomer. The upper diagram shows those hydrogen atoms on opposite sides of the double bond in the trans configuration. Biologically the two isomers have different properties.

(http://chemistry.tutorvista.com/organic-chemistry/alkene-nomenclature.html)

More on omega fatty acids

	The Warmflash article focuses primarily on omega-3 and omega-6 fatty acids. These are an important group of polyunsaturated fatty acids (PUFAs). Omega-3 fatty acids are essential fatty acids, meaning that they are essential for health, and since the human body cannot manufacture them, we must consume them in our diet.

The University of Maryland Medical Center provides a closer look at some of the most important health functions of omega fatty acids:

High Cholesterol

People who follow a Mediterranean-style diet tend to have higher HDL (good) cholesterol levels, which help promote heart health. Inuit Eskimos, who get high amounts of omega-3 fatty acids from eating fatty fish, also tend to have increased HDL cholesterol and decreased triglycerides (fats in the blood). Several studies show that fish oil supplements reduce triglyceride levels. Walnuts, which are rich in alpha linolenic acid or ALA, which can convert to omega-3s in the body, have been reported to lower total cholesterol and triglycerides in people with high cholesterol levels.

High Blood Pressure

Several clinical studies suggest that diets rich in omega-3 fatty acids lower blood pressure in people with hypertension. An analysis of 17 clinical studies using fish oil supplements found that taking 3 or more grams of fish oil daily may reduce blood pressure in people with untreated hypertension. Doses this high, however, should only be taken under the direction of a physician.

Heart Disease

The role of omega-3 fatty acids in cardiovascular disease is well established. One of the best ways to help prevent heart disease is to eat a diet low in saturated fat, and to eat foods that are rich in monounsaturated and polyunsaturated fats (including omega-3 fatty acids). Clinical evidence suggests that EPA and DHA (eicosapentaenoic acid and docosahexaenoic acid), the two omega-3 fatty acids found in fish oil help reduce risk factors for heart disease, including high cholesterol and high blood pressure. Fish oil has been shown to lower levels of triglycerides (fats in the blood), and to lower the risk of death, heart attack, stroke, and abnormal heart rhythms in people who have already had a heart attack. Fish oil also appears to help prevent and treat atherosclerosis (hardening of the arteries) by slowing the development of plaque and blood clots, which can clog arteries.

Large population studies suggest that getting omega-3 fatty acids in the diet, primarily from fish, helps protect against stroke caused by plaque build up and blood clots in the arteries that lead to the brain. Eating at least 2 servings of fish per week can reduce the risk of stroke by as much as 50%. However, high doses of fish oil and omega-3 fatty acids may increase the risk of bleeding. People who eat more than 3 grams of omega-3 fatty acids per day (equivalent to 3 servings of fish per day) may have higher risk for hemorrhagic stroke, a potentially fatal type of stroke in which an artery in the brain leaks or ruptures. Studies also suggest that omega-3 fatty acids may have antioxidant properties that improve endothelial function and may contribute to heart benefits

Diabetes

People with diabetes often have high triglyceride and low HDL levels. Omega-3 fatty acids from fish oil can help lower triglycerides and apoproteins (markers of diabetes), and raise HDL. So eating foods or taking fish oil supplements may help people with diabetes. Another type of omega-3 fatty acid, ALA (from flaxseed, for example) may not have the same benefit as fish oil. Some people with diabetes can't efficiently convert ALA to a form of omega-3 fatty acids that the body can use. Also, some people with type 2 diabetes may have slight increases in fasting blood sugar when taking fish oil. So talk to your doctor to see if fish oil is right for you

Rheumatoid Arthritis

Most clinical studies examining omega-3 fatty acid supplements for arthritis have focused on rheumatoid arthritis (RA), an autoimmune disease that causes inflammation in the joints. Several small studies have found that fish oil helps reduce symptoms of RA, including joint pain and morning stiffness. One study suggests that people with RA who take fish oil may be able to lower their dose of non-steroidal anti-inflammatory drugs (NSAIDs). However, unlike prescription medications, fish oil does not appear to slow progression of RA, only to treat the symptoms. Joint damage still occurs.

(https://umm.edu/health/medical/altmed/supplement/omega3-fatty-acids)

Humans can synthesize saturated fatty acids and some monounsaturated fatty acids from carbohydrates and proteins in the body but lack the enzymes needed to insert a cis double bond at the third or sixth omega carbon. Humans are able, however, to synthesize long chain polyunsaturated fatty acids (PUFAs) from linoleic acid and α-linoleic acid, both of which are omega fatty acids. The latter acid is most important because from it the body derives eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), both of which are used to synthesize other PUFAs. The biochemistry of these conversions is complex, but the structures of EPA and DHA are shown below.

[image: http://patentimages.storage.googleapis.com/US6998501B1/US06998501-20060214-C00004.png]
















(http://www.google.com.lb/patents/US6998501)

Why are these omega fatty acids considered essential to the body? As noted earlier, they cannot be synthesized by the body, but just as important, they are key components of cell membranes and they affect membrane properties like permeability, flexibility and the activity of membrane enzymes. They are present in retinal cells, red blood cells, brain cells, immune cells and cardiac tissue. So a diet that contains omega fatty acids is important, as the article says. The best sources of omega-3 include fish, vegetable oils, nuts (especially walnuts), flax seeds, flaxseed oil, and leafy vegetables. Omega-6 fatty acids are concentrated in foods like vegetable oils, salad dressings, nuts and seeds, dairy and eggs and chicken. For specific data on omega fatty acid food see http://nutritiondata.self.com/foods-000140000000000000000.html and http://nutritiondata.self.com/foods-000141000000000000000-w.html.

Most Americans take in far more of omega-6 fats than they do omega-3 fats. Some experts have suggested that this higher intake of omega-6 fats could pose cardiovascular problems, but this has not been supported by evidence in humans. Many studies and trials in humans also support cardiovascular benefits of omega-6 fats. Although there is no question that many Americans could benefit from increasing their intake of omega-3 fats, there is evidence that omega-6 fats also positively influence cardiovascular risk factors and reduce heart disease.

Recall from the prior section of this Teacher’s Guide that fatty acids may be either saturated or unsaturated. If a fatty acid is saturated the long hydrocarbon chain is rather uniform. It begins with -CH3 at the end then includes a series of –CH2 units until you reach the carboxyl group at the other end. If, however, the molecule is unsaturated then there is a double bond somewhere in that long hydrocarbon chain. But where?

The Warmflash article explains how fatty acids are named using the omega numbering system, which begins numbering carbon atoms at the end of the molecule opposite the carboxyl group—at the omega end. In fats the carbon atoms are numbered beginning with the carbon which is opposite the carboxyl group. That carbon is called the omega carbon. The location of the double bond is indicated by the first carbon involved in a double bond. For example, in the diagram below, the omega carbon is in blue and the first double bond (noted by the red arrow) carbon is carbon #3, so this is an omega-3 fatty acid.

(http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/F/Fats.html)

Note in this example that there are other double bonds in the molecule (naturally, since omega fatty acids are polyunsaturated). The omega system only identifies the first double bond.
Another naming convention, the delta system or numerical, tells us much more about the molecule. In this naming scheme the carbons are numbered beginning with the carboxyl carbon. A series of numbers is used to describe the total number of carbon atoms in the molecule, the number of double bonds and the number of the carbons first involved in each of the double bonds.


(http://chm2210sp10.wikispaces.com/linolenic+acid)

So, the naming for linoleic acid, diagrammed above, would be 18:3:Δ9,12,15. This notation indicates that there are a total of 18 carbon atoms in the molecule, 3 double bonds, the first located at the 9 carbon, the second at the 12 carbon and the third at the 15 carbon. The omega system, however, is the system commonly used in food labeling and in articles describing the nutritional value of these molecules.

More on fats, cholesterol and heart disease

	The Warmflash article concludes with a description of the relationship between fats, including omega fatty acids, cholesterol and atherosclerosis or heart disease. The relationship depends in part on how cholesterol is transported through the blood stream. The following text, from the Teacher’s Guide accompanying the April, 2015 ChemMatters article Pickett, M. The Skinny on Fats. ChemMatters, 2015, 33 (2) pp. 16-18, describes that process.

Physicians warn us that too much cholesterol in our blood is a warning sign for heart attack or stroke. But we know that in order for substances like cholesterol or fats to be in our blood, they must be water soluble. We already know that fats are insoluble in water, and the article tells us that cholesterol is only slightly soluble. How are these substances transported via the blood throughout the body?

	There are two parts to this answer. Fat molecules are very large. In order to pass through the intestinal wall the molecules must be broken up. Fats are mixed with a biological detergent called bile, which is produced in the liver and stored in the gall bladder. The mixing (emulsifying) of the detergent with the fats allows for the non-polar end of the detergent to interact with the non-polar end of the fat (the fatty acid end) while the polar end of the detergent bonds with the polar end of the fat (the glyceride end) just as regular soaps and detergents would do when you wash greasy dishes with soap or detergent. Once the fat is emulsified in the digestive “juices”, it can be broken apart by hydrolysis to yield water soluble fatty acids, glycerols and mono- and di-glycerides which are then small enough and soluble enough to pass through the intestinal wall into the blood stream.

	In intestinal cells, the parts are reassembled and the resulting fats are combined with phospholipids, simply modified triglycerides in which one of the fatty acid chains is replaced with a phosphate radical as shown in the diagram at right. The phosphate is polar, and as a result the phosphate “end” of the phospholipid molecule is polar and hydrophilic and the fatty acid “end” is nonpolar and hydrophobic. When they interact with fats and cholesterol they orient themselves so that the polar heads are facing the water molecules and the hydrophobic fatty acids are oriented toward the cholesterol. The phospholipid acts as a bio-emulsifier connecting blood (water) and cholesterol so that the cholesterol can be transported through the blood. This unit combines with specialized carrier molecules called apoproteins and the resulting globular structure is called a lipoprotein (see diagram at right, below). The hydrophilic phospholipid layer forms the outer shell and interacts with water via hydrogen bonding while the hydrophobic fat and cholesterol are in the interior of the globule and are attracted to the phospholipid via dispersion forces.(http://users.atw.hu/blp6/BLP6/HTML/C0389780323045827.htm)
(http://telstar.ote.cmu.edu/biology/MembranePage/index2.html)


Some of these carrier units are more dense and some are less dense, due to differences in the percent of fat in the unit. We know the lower density units as LDL or low density lipoprotein, and we know the high density units as HDL or high density lipoprotein. Your students may recognize LDL as the so-called "bad cholesterol," which carries cholesterol away from the liver, to various organs. In contrast, HDL's tendency to remove excess cholesterol from arteries to return it to the liver has earned it the name "good cholesterol".

More on an updated on the fats debate

The recommendations to include omega fatty acids in the diet, primarily in fish and in fish oil supplements, is part of a long history of dietary information supplied by the U.S. government and a variety of health-related professional organizations like the American Heart Association and others.

In 1894, the U.S. Department of Agriculture (USDA) published the first dietary standards for the country (see a digital copy of the document at http://www.ars.usda.gov/SP2UserFiles/Place/80400530/pdf/hist/oes_1894_farm_bul_23.pdf). The first recommendations for daily food consumption appeared in 1917, and there were five food groups listed: milk and meat, cereals, vegetables and fruits, fats and fat foods (note that these were recommended), and sugars and sugary foods. In 1941, the National Academy of the Sciences issued the first Recommended Daily Allowances (RDA) tables, in 1942, the USDA released its “Basic Seven” daily food groups, which were reduced in 1956 to basic fours-- milk and milk products; meat, fish, poultry, eggs, dry beans, and nuts; fruits and vegetables; and grain products

Until the 1940s, heart disease was a relatively minor public health issue in the United States. In that time the major cause of death was infectious disease, and a high-calorie diet was considered helpful in recovering from illness. By the 1950s, however, heart disease had become a major health risk, accentuated perhaps by the heart attack suffered by President Eisenhower in 1955. And dietary fat and cholesterol rose to the top of the list of reasons for the increase. According to a 1998 Journal of Nutrition article:

Real interest in dietary fat and its effects—particularly with regard to its role in cardiovascular disease—was stimulated by several papers published in the early 1950s. Gofman and his colleagues at the University of California, Berkeley published a paper in Science (Gofman et al. 1950) that detailed findings related to their new technique of separating plasma lipoproteins by ultracentrifugation. They showed that levels of certain of these lipoprotein classes were related to atherosclerotic heart disease and implicated dietary fat as a factor in this relationship. At about the same time Ancel Keys embarked on his worldwide epidemiologic investigations of dietary fat and heart disease prevalence, which showed that the level of dietary fat was related to mortality from heart disease (Keys 1953). In his “Seven Countries” study, Keys (1970) found a significant association between fat and saturated fat intake and heart disease mortality. Yerushalmey and Hilleboe (1957) pointed out that if 21 other countries were included, the association observed by Keys was weak and that a similar association could be advanced between animal protein intake and heart disease.

The role of dietary cholesterol in the etiology of heart disease had been a subject of much earlier research and speculation. The early history is detailed in a book published in 1958 (Kritchevsky 1958). The observation that cholesterol was a constituent of the atherosclerotic plaque was noted in a pathology text published 150 years ago (Vogel 1847). Any number of investigators showed that atherosclerotic aortas contained significantly more cholesterol than normal ones. Others showed that cholesterol feeding alone was sufficient to establish cholesterol-rich lesions in the arteries of rabbits and chickens. Atherosclerotic lesions could be established in rats, dogs and monkeys by cholesterol feeding plus other dietary and hormonal manipulations. Although these findings led to innumerable experimental studies of cholesterol/fat feeding and atherosclerosis, Stehbens (1989) has argued persistently that the human and experimental lesions in animals are different enough to cast doubt on the validity of the experimental lesion as an example of human disease. Although the role of cholesterolemia and hyperlipidemia in the etiology of human atherosclerosis was not accepted unanimously in the 1950s, it was considered sufficient by some authorities to establish a case against high intakes of dietary fat and cholesterol. This was enough to open the door to dietary guidelines offered to the public for possible prevention or amelioration of heart disease.

(http://jn.nutrition.org/content/128/2/449S.long; accessed online February 27, 2015)

	But by the early 2000s much of Keys’ work was being discredited as a result of errors in his study—errors like not choosing randomly the countries in the study, like selecting key data that fit his theories and excluding results that did not fall in line with his conclusions. By the time these shortcomings were revealed, however, Keys’ ideas about the role of dietary fats were well entrenched in U.S. dietary guidelines and accepted as fact.

	The anti-fat advice continued well after Keys’ work was debunked. The 2005 report Nutrition and Your Health: Dietary Guidelines for Americans from the U.S. Department of Agriculture (USDA), fats were still to be avoided, recommending that only 2-35 per cent of daily calories come from fats, especially saturated fats in order to reduce the risks of cardiovascular disease.

In 2013 and 2014, new study results were reported indicating no difference in cardiovascular disease between people who ate saturated fats and those eating unsaturated fats. Nutritional science is beginning to question “the lipid hypothesis.” The headlines in popular newspaper and magazines that announced these results claimed that there was no link at all between saturated fat and heart disease, but these kinds of claims are not fully documented and are being debated in science circles. There seems to be little agreement on the current status of fats in our diet.

How, then, did claims arise that consuming omega-3 fatty acids could protect against heart disease, claims that runs counter to the prevailing opinion that fats have a negative influence on health? The story begins in the 1970s with two Danish clinical chemists, Hans Olaf Bang and Jørn Dyerberg, who specialized in nutrition. They became interested in the diets of the Inuit Eskimos of Greenland and visited a small town of about 1,300 where they drew blood samples from about ten per cent of the population. Bang and Dyerberg found that the Inuit had lower levels of lipids such as cholesterol and triglycerides, but they had a higher proportion of omega-3 fatty acids, which are common in oily, cold-water fish. They then obtained hospital records and death certificates from Greenland’s chief medical officer, and those records seemed to indicate an abnormally low rate of heart disease. The problem was that those records represented a very small fraction of the entire population and future studies would conclude that the rate of heart disease in the Inuit is likely comparable to that of western European countries.

The two Danish researchers reported what they found, and actually never made a claim that eating an Eskimo diet rich in omega fatty acids would protect against heart disease. Other scientists and the popular media reports misinterpreted and misreported their results, and in doing so spread the now still popular idea that omega fatty acids offer protection against heart disease. Fish oil supplements are so popular, in fact, that in 2015, approximately ten per cent of people in the U.S. take them in some form. However, clinical trials taking place between 2005 and 2012 found no protective effect from omega fatty acids.

Even more interesting is a 2015 study published in Science magazine in 2015, which reported that the ancestors of the Inuit evolved unique genetic adaptations for metabolizing omega-3s and other fatty acids, which indicates that changes in Inuit DNA are responsible for any possible reduced rates of heart disease if, in fact, Inuit rates are lower. The abstract of the report:

The indigenous people of Greenland, the Inuit, have lived for a long time in the extreme conditions of the Arctic, including low annual temperatures, and with a specialized diet rich in protein and fatty acids, particularly omega-3 polyunsaturated fatty acids (PUFAs). A scan of Inuit genomes revealed signals at several loci, with the strongest signal located in a cluster of fatty acid desaturases that determine PUFA levels. The selected alleles are associated with multiple metabolic and anthropometric phenotypes and have large effect sizes for weight and height, with the effect on height replicated in Europeans. By analyzing membrane lipids, we found that the selected alleles modulate fatty acid composition, which may affect the regulation of growth hormones. Thus, the Inuit have genetic and physiological adaptations to a diet rich in PUFAs.

(http://www.sciencemag.org/content/349/6254/1343; accessed online October 30, 2015)

	While not conclusive, this study indicates that it was not the PUFAs themselves that offered cardiovascular protection to the Inuit but rather their genetic adaptations that evolved over time.

So it seems that regardless of which kinds of fats (or fatty acids) we are talking about, the scientific evidence and resulting nutritional advice continues to evolve. We are in a period of changing attitudes about the role of fats in our diet. More and more is now known about the chemical changes that fats undergo in the body and the chemicals that result. One way to look at this uncertainty is to remind students that science is often in this position. We develop a model or a way of thinking about an idea, accept it as long as it explains the available evidence but change the model or our way of thinking as new evidence comes along. So as we learn more about the chemistry of fatty acids and their biochemical roles in the body, we also alter our thinking about the right amount to consume in our diet.

[bookmark: _Toc436744489]Connections to Chemistry Concepts (for correlation to course curriculum)

1. Chemical nomenclature—Various systems for naming fatty acids are discussed in the article and this provides an opportunity to apply other organic naming systems
2. Organic compounds—All of the fats and related molecules described in this article are organic compounds.
3. Double bonds—Double bonds share two pairs of electrons between them. These bonds are considered unsaturated, and additional atoms such as hydrogen can be added (bonded) producing a different molecule. The difference in such properties between saturated and unsaturated molecules is especially important for health reasons in the case of fats
4. Saturated vs. unsaturated—. These molecules can accept additional elements such as hydrogen. This process of accepting additional hydrogen atoms changes the physical characteristics of fats.
5. Isomers: cis and trans—This form of isomerism occurs in unsaturated fats. These isomers occur in molecules of the same molecular formula but with different geometric arrangements of groups attached next to each other.
6. Biochemistry—Chemical reactions play a critical role in living organisms. A continuing area of research lies in understanding the chemical reactions and their effects on the organism.
7. Chemistry and public health—The U.S. dietary guidelines are based on the scientific evidence that biochemists can provide to non-scientists who establish public health policy. The Warmflash article suggests that some areas of evidence seem contradictory, and resolving these presents future career options for your students.

[bookmark: _Toc436744490]Possible Student Misconceptions (to aid teacher in addressing misconceptions)

1. “Omega-3 fatty acid is just a commercial brand of fatty acid.” Anyone who is exposed to television infomercials or print ads will see dozens of ads for omega fatty acids, and this may lead students to believe that “omega-3” or “omega-6” is simply a branded product name. As the article points out, the term “omega” refers to an end carbon in an unsaturated fatty acid chain and is the basis for identifying where the double bond is located in the molecule.
2. “All dietary fats are bad.” There are both “good” and “bad” fats. Our bodies need fat for a variety of purposes, including synthesizing cell membrane structures, hormones, nerve tissue, and body insulation against temperature changes, among other things. Saturated fats and trans fats have bad effects on cholesterol levels (cholesterol is needed by our bodies but too much is not good), while polyunsaturated fats and monounsaturated fats have good effects on cholesterol levels.
3. This article causes us to rethink the idea of a “misconception.” The article points out that our pre-occupation with avoiding dietary fat is now being questioned. As a result, students, and, in fact, adults may be harboring misconceptions about fats and not out of ignorance but because information presented to them as “fact” may not be factual according to current scientific research. Current students may, in fact, have fewer misconceptions about lipids and cholesterol.
[bookmark: _Toc436744491]Anticipating Student Questions (answers to questions students might ask in class)

1. “The article makes it sound like omega fatty acids are special or unique chemical compounds. Are they? ” Chemically, no. They are simply polyunsaturated fatty acids (PUFAs). The unusual way of naming them may make them sound unique but they are not. However, the health claims made about them differ from other types of fat or fatty acid in that they are claimed to prevent disease rather than cause it, as it often the case with other fats.

[bookmark: _Toc436744492]In-Class Activities (lesson ideas, including labs & demonstrations)

1. This activity is designed to determine the mass of fat in a fast food item like French fries. Observe all safety precautions. (http://www.chymist.com/Fat%20in%20potato%20chips.pdf)
2. The Institute of Food Technologists offers the 63-page booklet “Food Chemistry Experiments” at http://www.accessexcellence.org/pizza/pdf/fcbook.pdf. It contains a chapter on lipids with a student experiment on extracting lipids from chocolate and potato chips, extensive chemistry background information on lipids, and related puzzles.
3. Students can isolate fats from milk using a procedure found on pages 15–21 of this ChemSource document http://dwb.unl.edu/ChemSource/SourceBook/115FOOD.pdf.
4. Also see pages 22–23 of the ChemSource document from #3, above, http://dwb.unl.edu/ChemSource/SourceBook/115FOOD.pdf, for a teacher demonstration version of the activity.
5. This biotechnology lesson plan from the University of Waikato in New Zealand gives students insights into how and why omega-3 fish oil would be added to various products. (http://biotechlearn.org.nz/content/download/28739/180484/file/Promoting%20omega-3%20enriched%20food.doc)
6. One response to the advice to reduce fat consumption has been the development of margarine and other spreads. This activity enables students to determine the per cent of water in three types of margarine. The video clips in the activity show some of the procedure. Note that you need QuickTime to run these clips. (http://chemmovies.unl.edu/chemistry/beckerdemos/BD046.html)

[bookmark: _Toc436744493]Out-of-Class Activities and Projects (student research, class projects)

1. Have student collect print ads for omega fatty acid products and compare claims. Then have students research the current science of omega fatty acids and compare the claims to the research.
2. You can assign students or teams of students to collect food labels and determine the amount of fats (by category—saturated, unsaturated, trans) and cholesterol, and also categorize the labels by food type. Collect class data and look for trends.
3. Students might interview family members and friends to determine whether they restrict fats in their diet in any significant way. Students should be asked to make up the interview questions based on the article and other research.
4. Another variety of survey would be to ask family and friends how much they understand about omega fatty acids and why they do or do not use them.
5. Still another type of interview would be to ask community members like physicians, nurses, dieticians and related professionals about the role of lipids, especially omega fatty acids, in human health.
6. Students can make ball and stick models at home of important fatty acid molecules and bring them to class to display.
7. There are a lot of articles in the press currently about the new research findings related to fatty acids, cholesterol and lipids and their influence on cardiovascular health. Assign students to collect article and bring them to class for discussion.



[bookmark: _Toc436744494]References (non-Web-based information sources)

30 Years of ChemMatters

Available Now!

The references below can be found on the ChemMatters 30-year DVD (which includes all articles published during the years 1983 through April 2013 and all available Teacher’s Guides, beginning February 1990). The DVD is available from the American Chemical Society for $42 (or $135 for a site/school license) at this site: http://ww.acs.org/chemmatters. Click on the “Archive” tab in the middle of the screen just under the ChemMatters logo. On this new page click on the “Get 30 Years of ChemMatters on DVD!” tab at the right for more information and to purchase the DVD.

Selected articles and the complete set of Teacher’s Guides for all issues from the past three years are available free online at the same Web site, above. Simply access the link and click on the aforementioned “Archive” tab.


Baugh, M. Oil Changes. ChemMatters, 1989, 7 (4), pp 7–9. The author uses the dietary guidelines in 1989 to examine types of fat—saturated, unsaturated, etc.—and explain the different fat-related terms and explains what these terms mean on a food label.

Benson, K. Fast Food--Fast Fats. ChemMatters, 1990, 8 (1), pp 13–15. This article urges students to understand the fat content of favorite foods, like fast food, in order to avoid things like heart disease.

Ruth, C. A Calorie-Free Fat? ChemMatters, 1999, 17 (2), pp 9–11. Against the backdrop of the anti-fats dietary guidelines at the time, this article explains the development, structure and properties of olestra, an artificial fat.

Banks, P. Fats—Fitting Them into a Healthy Diet. ChemMatters, 2000, 18 (3), pp 6–8. In addition to a brief introduction on the chemistry of fats, the author examines fats in the context of health and the then-existing dietary guidelines.

Kimbrough, D. The Solid facts About Trans Fats. ChemMatters, 2007, 25 (4), pp 15–16. This article explains the structure of fats, including saturated and unsaturated fats and also explains the structure and properties of cis and trans fat isomers and partial hydrogenation.

Nolte, B. Tanking Up with Cooking Oil. ChemMatters, 2011, 29 (2) pp 5–7. After a brief explanation of fats and oils, this article features the use of cooking oils as fuels in automobile.

Pickett, M. The Skinny on Fats. ChemMatters, 2015, 33 (2) pp 16–18. The chemistry of fats is the central focus of this article with added emphasis on the connection between fats, diet and disease.

[bookmark: _Toc436744495]Web Sites for Additional Information (Web-based information sources)

More sites on lipids

The Lipid Library from AOCS, a professional society devoted to the chemistry of fats and oils, http://lipidlibrary.aocs.org/, is just what it sounds like—an online reference to multiple lipid topics including this tutorial on fatty acids and fats: http://www.lipidmaps.org/resources/tutorials/lipid_tutorial.html#L.

One of the most helpful sites on lipids and related topics is provided by Elmhurst College in their Virtual ChemBook. The homepage for lipids is http://www.elmhurst.edu/~chm/vchembook/550lipids.html, and this page provides an introduction to the topic. Other ChemBook lipid topics are catalogued below.
· This page provides fatty acid structural formulas and charts showing the amount of saturated and unsaturated fatty acids, both from plant and animal sources in various common foods: http://elmhcx9.elmhurst.edu/~chm/vchembook/551fattyacids.html.
· This site shows an organizational chart for different classes of lipids: http://elmhcx9.elmhurst.edu/~chm/vchembook/552triglycerides.html.
· On this page are phospholipid structures, examples and other information: http://www.elmhurst.edu/~chm/vchembook/553phosglycerides.html.

This site supplies a simple summary of important topics related to fats: http://www.chemistryexplained.com/Di-Fa/Fats-and-Fatty-Acids.html.

A very nice and complete site on fats, oils, waxes, etc. is provided by the University of Cincinnati’s Claremont College, as part of a biology course syllabus: http://biology.clc.uc.edu/courses/bio104/lipids.htm.

The tried-and-true “How Stuff Works” has this site on lipids: http://science.howstuffworks.com/innovation/edible-innovations/fat.htm.

The Hyperphysics Textbook has a page on phospholipids, strangely enough. (http://hyperphysics.phy-astr.gsu.edu/hbase/organic/phoslip.html, as part of a site on lipids: http://hyperphysics.phy-astr.gsu.edu/hbase/organic/lipid.html#c1)

From Carnegie Mellon University comes this page on lipids with a strong section on phospholipids. (http://telstar.ote.cmu.edu/biology/MembranePage/index2.html)

More sites on omega fatty acids

	The Harvard University School of Public Health provides this perspective on the role of omega fatty acids and health. The site includes a list of scientific reference at the end. (http://www.hsph.harvard.edu/nutritionsource/omega-3-fats/)

The role of omega fatty acids in the human body is described in complete detail by this site from the University of Maryland Medical Center, and also includes references: http://umm.edu/health/medical/altmed/supplement/omega3-fatty-acids.

The American Heart Association lists these recommendations about omega-3 fatty acids: http://www.heart.org/HEARTORG/GettingHealthy/NutritionCenter/HealthyDietGoals/Fish-and-Omega-3-Fatty-Acids_UCM_303248_Article.jsp.

This article from Scientific American describes some of the conflicting research about omega fatty acids and diet: http://www.scientificamerican.com/article/fish-oil-supplement-research-remains-murky/.

The Linus Pauling Institute at Oregon State University has a very detailed listing of information about essential fatty acids. (http://lpi.oregonstate.edu/mic/other-nutrients/essential-fatty-acids)

More sites on dietary guidelines and health

The Mayo Clinic offers traditional advice on dietary fat intake. (http://www.mayoclinic.org/healthy-lifestyle/nutrition-and-healthy-eating/in-depth/fat/art-20045550?pg=2)

Likewise, the American Heart Association offers traditional advice on omega fatty acids and diet. (http://www.heart.org/HEARTORG/GettingHealthy/NutritionCenter/HealthyDietGoals/Fish-and-Omega-3-Fatty-Acids_UCM_303248_Article.jsp#.VjXkoLerSM8)

This September 17, 2015 article from the New York Times tells the story of the Inuit Eskimos and omegas: http://www.nytimes.com/2015/09/22/science/inuit-study-adds-twist-to-omega-3-fatty-acids-health-story.html?_r=0.

This USDA site gives a brief history of U.S. dietary guidelines: http://www.health.gov/dietaryguidelines/dga2005/report/html/G5_History.htm.

Another USDA site provides a more detailed history of the guidelines with links to the guidelines since 1980. (http://www.nal.usda.gov/fnic/pubs/DGA.pdf)

The Journal of Nutrition gives a lot of background on the changing content and role of U.S. dietary guidelines. (http://jn.nutrition.org/content/128/2/449S.long)

This is an early version of the 2015 proposed dietary guidelines issues during the public comment period: http://www.health.gov/dietaryguidelines/2015-scientific-report/PDFs/02-executive-summary.pdf.

From the Harvard University School of Public Health comes a report, “making the case to end the myth of the low-fat diet”: http://www.hsph.harvard.edu/nutritionsource/fats-full-story/.
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