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(from the articles)

Growing Green on the Red Planet

1. What does Mark Watney need in order to survive on Mars until NASA sends a rescue mission?
2. What type of scientist is Mark Watney?
3. Name three places on Earth that have been used to study Mars.
4. According to this article, why is Mars much colder than Earth?
5. Why is it necessary to regulate the use of manure as fertilizer on Earth?
6. Describe the chemical reaction that is involved in photosynthesis.
7. Nitrogen, phosphorus and potassium are primary nutrients for plants. What is the purpose of each of these nutrients?
8. Describe the difference between macronutrients and micronutrients.
9. How does the gravity on Mars compare to that on Earth?
10. List the three factors cited in the article that would make it difficult to grow plants on Mars.
11. What are the sources of oxygen and hydrogen that Mark Watney used to make water on Mars?


Recycling Plastic Bags

1. Why are plastic bags referred to as “urban tumbleweeds”?
2. Why is it estimated that most of the plastic that has ever been made still exists somewhere?
3. Give two reasons why plastic bag litter is harmful to wild animals.
4. What is a gyre and what can it trap?
5. Describe the type of substance that makes up plastics.
6. What are the raw materials used to produce plastics? Where are they located?
7. What type of plastic is used for most plastic bags? How is it formed?
8. When an ethane molecule is subjected to a high temperature and a catalyst, which bonds are broken to form a molecule of ethylene?
9. Why is HDPE called high density polyethylene?
10. Why is it costly to recycle plastic bags?
11. Why are small plastic pellets an important material in the recycling process?
12. How is composite lumber manufactured?


Espresso, Café Latte, Cappuccino… A Complex Brew

1. The world’s coffee is provided by what two species of trees?
2. Where is one possible birthplace of coffee?
3. What happens during the Maillard reaction?
4. Explain what happens to coffee beans during pyrolysis.
5. What are two alkaloid compounds found in the coffee bean and how do they benefit the coffee plant?
6. How does roasting coffee beans affect the flavor of the coffee beverages?
7. How does brewing coffee create a solution?
8. Why should you not use boiling water to make coffee?
9. Why are espresso drinks much stronger than regular coffee?
10. What is the purpose of the thick, reddish-brown foam or crema in an espresso drink? How is it formed?
11. What are the differences between a café latte and a cappuccino?


Don’t Let Cortisol Stress You Out!

1. Name a region of the brain and two different glands that produce stress hormones.
2. What is CRH, and where in the body is it produced?
3. Why is the pituitary gland called the master gland?
4. What hormone triggers the release of cortisol?
5. Describe the carbon skeleton of steroid molecules.
6. Describe how the cascade of stress occurs in the body.
7. Describe three functions of cortisol.
8. Long term overstimulation of cortisol causes a wide range of negative effects on the body, such as the breakdown of muscle, bone, and connective tissue. What molecule is the product of the breakdown of these tissues?
9. What part of the brain is important for memory?
10. Describe four ways to prevent stress.
11. What did one in five teens identify as a cause of stress?


Genetically Modified Foods: Are They Safe to Eat?

1. What do does the acronym GMO mean?
2. What are five examples of common food products that may contain genetically modified ingredients?
3. Name two natural versions of genetic modification.
4. Describe the process of selective breeding or artificial selection in plants.
5. What are four advantages to GMO plants?
6. Why is a Bacillus thuringiensis (Bt) gene added to corn genomes?
7. List the three subunits of DNA nucleotides.
8. Describe the process used to place a new gene into a corn plant.
9. What forces hold the unpaired bases of the donor gene to the complimentary unpaired bases in the receiving gene?
10. During protein digestion in the stomach, what happens to the protein molecules?
11. How is the process of digesting GMO proteins in the body different from digesting those from conventionally grown proteins?
12. Why does a small group of people consider genetically modified crops harmful to human health?


[bookmark: _Toc212568387][bookmark: _Toc478389318]Answers to Student Questions 
(from the articles)

Growing Green on the Red Planet

1. What does Mark Watney need in order to survive on Mars until NASA sends a rescue mission?
Mark Watney will need food and water to survive on Mars.
2. What type of scientist is Mark Watney?
Mark Watney is a botanist.
3. Name three places on Earth that have been used to study Mars.
The three places on Earth used to study Mars are:
a. Antarctica
b. Hawaii
c. South America
4. According to this article, why is Mars much colder than Earth?
Mars is much colder that Earth mainly because it is farther away from the sun than is Earth.
5. Why is it necessary to regulate the use of manure as fertilizer on Earth?
It is necessary for U.S. environmental agencies to regulate the use of manure to prevent the spread of viruses and bacteria that could contaminate the crops.
6. Describe the chemical reaction that is involved in photosynthesis.
Water and carbon dioxide react to produce oxygen and sugars in photosynthesis.
6 H2O  +  6 CO2    6 O2  +  C6H12O6
7. Nitrogen, phosphorus and potassium are primary nutrients for plants. What is the purpose of each of these nutrients?
Nitrogen is an important element in chlorophyll, which is needed for photosynthesis.
Phosphorus is a component in the chemical reactions that involve photosynthesis.
Potassium is involved in the opening and closing of the pores in leaves and stems, which allows the uptake of carbon dioxide and water.
8. Describe the difference between macronutrients and micronutrients.
Macronutrients, such as nitrogen, phosphorus, potassium, calcium, magnesium and sulfur, are needed in large quantities for plant life. Micronutrients, which include iron, manganese, zinc, copper, boron, molybdenum, and chlorine, are important for plant growth but are only need in small quantities.
9. How does the gravity on Mars compare to that on Earth?
The gravity on Mars is 38% that of Earth’s.
10. List the three factors cited in the article that would make it difficult to grow plants on Mars.
Factors that would make it difficult to grow plants on Mars include:
a. extreme cold temperatures
b. sunlight hitting Mars is much less that what Earth gets
c. Mars’s atmosphere is not as thick as Earth’s
11. What are the sources of oxygen and hydrogen that Mark Watney used to make water on Mars?
Mark Watney obtained the oxygen from the oxygenator, which produced oxygen from the atmospheric carbon dioxide. He produced hydrogen by dissociating hydrazine, N2H4, which was the propellant for the rocket.




Recycling Plastic Bags

1. Why are plastic bags referred to as “urban tumbleweeds”?
Plastic bags are referred to as “urban tumbleweeds” because they are so light that they become airborne and can be blown everywhere.
2. Why is it estimated that most of the plastic that has ever been made still exists somewhere?
Most of the plastic that has ever been made still exists somewhere because it will not break down for 500 to 1000 years.
3. Give two reasons why plastic bag litter is harmful to wild animals.
a. Wild animals can become tangled in plastic bags.
b. Wild animals can confuse plastic with food and eat it. The plastic can then block their digestive tracts.
4. What is a gyre and what can it trap?
A gyre is a circular ocean current that can trap debris into its center (creating an enormous floating island of trash).
5. Describe the type of substance that makes up plastics.
The type of substance that makes up plastics is a polymer that consists of single monomer units that link together in long chains.
6. What are the raw materials used to produce plastics? Where are they located?
The raw materials used to produce plastics are fossil fuels (crude oil, coal and natural gas). They are located deep under the earth’s surface.
7. What type of plastic is used for most plastic bags? How is it formed?
Most plastic bags are made of high-density polyethylene (HDPE). It is formed by linking together thousands of ethylene molecules.
8. When an ethane molecule is subjected to a high temperature and a catalyst, which bonds are broken to form a molecule of ethylene?
When an ethane molecule is subjected to a high temperature and a catalyst, its carbon-carbon bond and two carbon-hydrogen bonds are broken to form a molecule of ethylene.
9. Why is HDPE called high density polyethylene?
HDPE is called high density polyethylene because it is formed from ethylene molecules linked together in long straight chains that line up parallel to one another and pack closely together forming a polymer of high density. (Some students might note that this polymer is composed of many ethylene monomers, thus the name polyethylene.)
10. Why is it costly to recycle plastic bags?
It is costly to recycle plastic bags because they tend to get caught in the sorting machinery and must be collected and recycled separately.
11. Why are small plastic pellets an important material in the recycling process?
Small plastic pellets are an important material in the recycling process because they can be made into new plastic bags.
12. How is composite lumber manufactured?
Composite lumber is manufactured from a mixture of sawdust and recycled plastic that is heated and shaped into boards.


Espresso, Café Latte, Cappuccino… A Complex Brew

1. The world’s coffee is provided by what two species of trees?
The two types of trees that provide most of the world’s coffee are Coffea arabica and Coffea canephora.
2. Where is one possible birthplace of coffee?
A legend of a goat herder places the birthplace of coffee in Ethiopia.
3. What happens during the Maillard reaction?
In the Maillard reaction, “carbohydrates react with amino acids at high temperatures, producing chemical compounds that are brown in color.”
4. Explain what happens to coffee beans during pyrolysis.
During pyrolysis, some compounds decompose at high temperatures in the absence of oxygen. In particular, fats in the coffee beans are converted to aromatic oils, responsible for coffee’s aroma.
5. What are two alkaloid compounds found in the coffee bean and how do they benefit the coffee plant? The two alkaloid compounds found in coffee beans are trigonelline and caffeine. They are bitter and can be toxic, which is useful in warding of predators.
6. How does roasting coffee beans affect the flavor of the coffee beverages?
The coffee bean contains a combination of acids and alkaloids which tend to neutralize each other. As coffee is roasted, the acid compounds break down making darker roasts less acidic and thus more bitter. Chlorogenic acid in coffee beans is broken down into lactones which can further break down into phenylindanes both of which have a very bitter taste.
7. How does brewing coffee create a solution?
When coffee is brewing, hot water drips through the coffee grounds and soluble components from the grounds are dissolved in the water, producing a solution.
8. Why should you not use boiling water to make coffee?
Coffee should not be made with boiling water because boiling water drives off too many of the aromatic molecules that give coffee its taste.
9. Why are espresso drinks much stronger than regular coffee?
Espresso drinks are much stronger than regular coffee due to the higher yield of total dissolved solids, averaging about 12%–10 times greater than normal coffee.
10. What is the purpose of the thick reddish-brown foam or crema in an espresso drink? How is it formed?
The foam or crema gives a lot of the flavor and aroma to the espresso. It tastes sweet, balancing out the bitterness of the other layers. “The crema is formed due to bubbles of carbon dioxide being outgassed from the grounds as the espresso is made.”
11. What are the differences between a café latte and a cappuccino?
The differences between a café latte and a cappuccino are that a café latte has more milk and less foam than a cappuccino. Because the air filled foam contributes more to the volume of the drink than to its mass, a cappuccino will be stronger than a latte.


Don’t Let Cortisol Stress You Out!

1. Name a region of the brain and two different glands that produce stress hormones.
A region of the brain that produces stress hormones is the hypothalamus. Two glands that produce stress hormones are the pituitary gland and the adrenal glands.
2. What is CRH, and where in the body is it produced?
CRH is the corticotropin-releasing hormone, and it is produced by the hypothalamus.
3. Why is the pituitary gland called the master gland?
The pituitary gland is called the master gland “because it orchestrates many of the body’s hormonal responses, including stress.”
4. What hormone triggers the release of cortisol?
The adrenocorticotropic hormone (ACTH) which is released by the pituitary gland triggers the release of cortisol by the adrenal glands.
5. Describe the carbon skeleton of steroid molecules.
The carbon skeleton of steroids contain three six-membered rings and one five-membered ring.
6. Describe how the cascade of stress occurs in the body.
The cascade of stress occurs as follows: “A neural signal from the brain triggers release of CRH from the hypothalamus, which triggers the release of ACTH from the pituitary gland, which triggers release of cortisol from the adrenal glands.”
7. Describe three functions of cortisol.
Cortisol increases the amount of glucose in the bloodstream, which supplies sugar to muscles, it inhibits inflammation, and it suppresses the immune response.
8. Long term overstimulation of cortisol causes a wide range of negative effects on the body, such as the breakdown of muscle, bone, and connective tissue. What molecule is the product of the breakdown of these tissues?
Glucose is produced as a result of the breakdown of muscle, bone, and connective tissue.
9. What part of the brain is important for memory?
The hippocampus is the part of the brain that is important for memory.
10. Describe four ways to prevent stress.
Cutting back on coffee, getting adequate sleep, bundling up when it is cold, and including more omega-3 fatty acids in the diet can all help prevent stress.
11. What did one in five teens identify as a cause of stress?
One in five teens identified a lack of sleep as a cause of their stress.


[bookmark: _Toc283997090]Genetically Modified Foods: Are They Safe to Eat?

1. What do does the acronym GMO mean?
The acronym GMO refers to genetically modified organisms.
2. What are five examples of common food products that may contain genetically modified ingredients?
Students may answer any of the following from the article. Examples of common foods that may contain genetically modified ingredients include many:
a. cereals,
b. chips,
c. tortillas,
d. soy-based products,
e. sugary drinks, and
f. sugary snacks.
3. Name two natural versions of genetic modification.
Two natural versions of genetic modification include plants swapping genes as they reproduce, and plants picking up genes from bacteria as they reproduce.
4. Describe the process of selective breeding or artificial selection in plants.
Selective breeding or artificial selection in plants involves humans combining plants together in specific ways to produce desirable traits. The seeds from the best plants are saved and planted for next season's harvest.
5. What are four advantages to GMO plants?
Four advantages to GMO plants are: faster growth, stronger plants, the ability to fight off pests, and resistance to herbicides designed to kill weeds.
6. Why is a Bacillus thuringiensis (Bt) gene added to corn genomes?
A Bacillus thuringiensis (Bt) gene is added to corn genomes because the Bt gene produces a toxin in the corn plant that kills a rootworm which damages corn crops and reduces corn yields.
7. List the three subunits of DNA nucleotides.
The three subunits of DNA nucleotides are a 5-membered ring sugar, a nitrogen-containing base, and a phosphate group.
8. Describe the processes used to place a new gene into a corn plant.
The process of placing a new gene into a corn plant involves several steps:
First, scientists must isolate a gene from another plant or bacterium that can protect the crop.
Then, the desired gene is extracted from the DNA of the plant or bacterium by using a restriction enzyme.
Next, the corn DNA is cut so that the desired gene's nucleotide sequence complements the corn's nucleotide sequence.
Finally, the ends of the new gene are spliced into the corn's DNA competing the process.
9. What forces hold the unpaired bases of the donor gene to the complementary unpaired bases in the receiving gene?
The forces holding the unpaired bases of the donor gene to the complementary unpaired bases in the receiving gene are hydrogen bonds.
10. During protein digestion in the stomach, what happens to the protein molecules?
During protein digestion in the stomach, chemicals in the stomach begin to denature the protein molecules, and pepsin breaks the peptide bonds between the amino acids by the process of hydrolysis.
11. How is the process of digesting GMO proteins in the body different from digesting those from conventionally grown proteins?
The process of digesting GMO proteins in the body is not different from digesting those from conventionally grown proteins. The whole process works the same for both food ingredients.
12. Why do a small group of people consider genetically modified crops harmful to human health?
A small group of people considers genetically modified crops harmful to human health because they incorrectly believe that the crops may introduce new allergens.



[bookmark: _Toc478389319]Correlations to the Next Generation Science Standards
	Article
	NGSS

	Growing Green on the Red Planet
		HS-LS2-4. 
Use mathematical representations to support claims for the cycling of matter and flow of energy among organisms in an ecosystem.
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:
· LS2.C: Ecosystem Dynamics, Functioning, and Resilience
· PS1.B: Chemical Reactions
· ETS1.C: Optimizing the Design Solution
Crosscutting Concepts: 
· Systems and system models
· Scale, proportion, and quantity
· Energy and matter
Science and Engineering Practices: 
· Developing and using models
· Using mathematics and computational thinking
· Constructing explanations and designing solutions
Nature of Science:  
· Scientific knowledge assumes an order and consistency in natural systems


	Recycling Plastic Bags
		HS-ESS3-2.
Evaluate competing design solutions for developing, managing, and utilizing energy and mineral resources based on cost-benefit ratios.
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 and properties of matter
· ESS3.C: Human impacts on earth systems
· ETS1.B: Developing possible solutions
Crosscutting Concepts: 
· Systems and system models
· Structure and function
· Cause and effect
Science and Engineering Practices: 
· Developing and using models
· Constructing evidence (for science) and designing solutions (for engineering)
Nature of Science:  
· Science addresses questions about the natural and material world.




	Espresso, Café Latte, Cappuccino… A Complex Brew
		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.



Disciplinary Core Ideas:
· PS1.A Structure and properties of matter
· PS1.B: Chemical reactions
· ETS1.C: Optimizing the design solution
Crosscutting Concepts: 
· Cause and Effect
· Structure and Function
· Stability and Change
Science and Engineering Practices: 
· Planning and carrying out investigations
· Constructing explanations and designing solutions
Nature of Science:  
· Science addresses questions about the natural and material world


	Don’t Let Cortisol Stress You Out!
		HS-LS1-3
Plan and conduct an investigation to provide evidence that feedback mechanisms maintain homeostasis.

Disciplinary Core Ideas:
· LS1.A: Structure and function
· PS1.A:  Structure and properties of matter
Crosscutting Concepts: 
· Structure and function
· Cause and effect: Mechanism and explanation
· Stability and change
Science and Engineering Practices: 
· Constructing explanations and designing solutions
· Planning and carrying out investigations
Nature of Science:  
· Science addresses questions about the natural and material world.





	Genetically Modified Foods: Are They Safe to Eat?
			HS-LS1-1. 
Construct an explanation based on evidence for how the structure of DNA determines the structure of proteins, which carry out the essential functions of life through systems of specialized cells.
HS-ETS1-3.
Evaluate a solution to a complex real-world problem based on prioritized criteria and tradeoffs 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:
· LS1.A: Structure and function
· PS1.A: Structure and properties of matter
· ETS1.B: Optimizing the design solution
Crosscutting Concepts: 
· Systems and system models
· Stability and change
· Structure and function
Science and Engineering Practices: 
· Asking questions (for science) and defining problems (for engineering)
· Obtaining, evaluating, and communicating information
Nature of Science:  
· Scientific knowledge assumes an order and consistency in natural systems.
· Scientific knowledge is based on empirical evidence




	








[bookmark: _Toc283997093][bookmark: _Toc478389320]Connections to the 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.9-10.8: Assess the extent to which the reasoning and evidence in a text support the author's claim or a recommendation for solving a scientific or technical problem.

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.

RST.11-12.6: Analyze the author's purpose in providing an explanation, describing a procedure, or discussing an experiment in a text, identifying important issues that remain unresolved.


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

WHST.9-10.1B: Develop claim(s) and counterclaims fairly, supplying data and evidence for each while pointing out the strengths and limitations of both claim(s) and counterclaims in a discipline-appropriate form and in a manner that anticipates the audience’s knowledge level and concerns.

WHST.9-10.2: Write informative/explanatory texts, including the narration of historical events, scientific procedures/experiments, or technical processes.

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.11-12.1.A: Introduce precise, knowledgeable claim(s), establish the significance of the claim(s), distinguish the claim(s) from alternate or opposing claims, and create an organization that logically sequences the claim(s), counterclaims, reasons, and evidence.

WHST.11-12.2:  Write informative/explanatory texts, including the narration of historical events, scientific procedures/experiments, or technical processes.

WHST.11-12.2E: Provide a concluding statement or section that follows from or supports the argument presented.

[bookmark: _Toc478389321]Anticipation Guides
Anticipation guides help to engage students by activating prior knowledge and stimulating students’ 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: _Toc478389322]
Growing Green on the Red Planet

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. Research shows that Martian soil cannot be used to grow plants.

	
	
	2. Next to Earth, Mars appears to be the most habitable planet in our solar system.


	
	
	3. The atmosphere of Mars is about 50% carbon dioxide.

	
	
	4. All of the macronutrients required for plant life are nonmetals.

	
	
	5. Micronutrients are usually supplied to plants through fertilizers.

	
	
	6. Organic waste (manure) is very good for fertilizing soil.

	
	
	7. The chemistry in Weir’s book The Martian is plausible.

	
	
	8. Volcanic soil in Hawaii is similar to Martian soil.

	
	
	9. Watering plants on Mars could require less water than on the Earth.

	
	
	10. Hydrazine is a rocket propellant containing only nitrogen and hydrogen.



[bookmark: _Toc478389323]Recycling Plastic Bags

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 plastic will break down in about 100 years.

	
	
	2. The Great Pacific Garbage Patch is found in the southern Pacific Ocean.

	
	
	3. Plastics are made from fossil fuels.

	
	
	4. Ethane, containing only single bonds, can be converted to ethylene, which contains a C=C double bond, at high heat.

	
	
	5. High-density polyethylene (HDPE) is a sturdy plastic used for plastic bags.

	
	
	6. Plastic bags can be mixed in with other plastics for recycling.

	
	
	7. Bread bags and food storage bags can be recycled with plastic bags.

	
	
	8. Plastic bags can be made into new plastic bags and composite lumber.

	
	
	9. Recycled plastic bags are pelletized to create new materials.

	
	
	10. The amount of recycled plastic bags decreased between 2005 and 2015.



[bookmark: _Toc478389324]
Espresso, Café Latte, Cappuccino… A Complex Brew

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. The world’s coffee comes from more than 20 types of trees.

	
	
	2. Coffee trees are native to South America.

	
	
	3. Coffee beans, grilled hamburgers, and toasted bread all brown due to the Maillard reaction.

	
	
	4. When heated, coffee beans crack due to expansion.

	
	
	5. Caffeine is a naturally occurring alkaloid with two rings containing nitrogen.

	
	
	6. Dark roasted coffee is more acidic than lighter roasts.

	
	
	7. Allowing the coffee to brew longer will create a stronger coffee.

	
	
	8. The aromatic oils in coffee become gases when heated.

	
	
	9. Espresso is made at very low pressure.

	
	
	10. The world’s most expensive coffee has passed through an elephant.



[bookmark: _Toc478389325]
Don’t Let Cortisol Stress You Out!

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. Cortisol is released in the brain.

	
	
	2. The pituitary gland orchestrates many of the body’s hormonal responses.

	
	
	3. Steroids are organic molecules containing four rings.

	
	
	4. Cortisol reduces the amount of glucose in the bloodstream.

	
	
	5. Too much cortisol can reduce muscle mass.

	
	
	6. Caffeine can reduce cortisol secretion.

	
	
	7. Chronic stress can damage the brain.

	
	
	8. Lack of sleep can increase cortisol production.

	
	
	9. Omega-3 fatty acids found in fish and nuts can increase cortisol secretion.

	
	
	10. The practice of meditation can reduce cortisol production.
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Genetically Modified Foods: Are They Safe to Eat?

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 nature, plants may pick up genes from bacteria.

	
	
	2. Humans have practiced selective breeding since the beginning of agriculture.

	
	
	3. GMOs usually refer to gene modification done in a laboratory.

	
	
	4. Bt corn has been genetically modified to resist rootworm infestation.

	
	
	5. Organic farmers cannot use Bt insecticides on their crops.

	
	
	6. Common genetically modified foods include golden rice, soybeans, and canola.

	
	
	7. Genetic modification alters the plant’s DNA, which causes it to code for specific proteins.

	
	
	8. Your body breaks down genetically modified proteins differently from how other proteins are broken down.

	
	
	9. The National Academies of Sciences, Engineering, and Medicine concluded that eating food containing GMOs is not risky.

	
	
	10. The U. S. Food and Drug Administration does not approve new GMO food crops.
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Reading Strategies

These graphic organizers are provided to help students locate and analyze information from the articles. Students’ 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 reactions
· Macro- and micronutrients
· Personal and community health
· Proteins
· Structural formulas
· Biochemistry
· Consumer choices
· Recycling

· Some of the articles in this issue provide opportunities for students to consider how understanding chemistry can help them in their personal lives. 

· Consider asking students to read “Open for Discussion” on page 4 to extend the information in “Growing Green on the Red Planet” on pages 5-7. 

· The infographic on page 19 provides more information to support the article “Espresso, Café Latte, Cappuccino…A Complex Brew” on pages 10-12.

· 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. 

· You might also ask them how information in the articles might affect their health and/or consumer choices. Also ask them if they have questions about some of the issues discussed in the articles.

· The Background Information in the ChemMatters Teachers Guide has suggestions for further research and activities.
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Growing Green on the Red Planet

Directions: As you read, complete the graphic organizer below to describe the chemistry of growing plants on Mars.

	
	What chemicals are needed?
	How can they be obtained on Mars?

	Atmosphere
	
	

	Soil
	
	

	Water
	
	



 
Summary: On the bottom or back of this page, write a short email (about 3 sentences) to a friend who wants to know whether the chemistry in The Martian is a good indicator of how future scientists can grow food on Mars.
· 

[bookmark: _Toc478389329]Recycling Plastic Bags

Directions: As you read the article, complete the graphic organizer below to describe plastic bag recycling. 

	3
	New things you learned about plastic bags
	

	2
	Ways a knowledge of chemistry can help you do a better job of recycling plastic bags 
	

	1
	Question you have about recycling plastic bags
	

	Contact!
	What would you like to tell others about recycling plastic bags
	



[bookmark: _Toc478389330]Espresso, Café Latte, Cappuccino… A Complex Brew

Directions: As you read the article, complete the graphic organizer below to describe how coffee is produced and prepared.

	
	How chemistry affects the outcome

	Roasting
	

	Brewing
	

	Creating specialty coffee beverages
	Espresso

	
	Café Latte

	
	Cappuccino




Summary: On the back of this page, write 3 new things you learned about the chemistry of coffee.
Don’t Let Cortisol Stress You Out!

Directions: As you read the article, complete the graphic organizer below to describe how cortisol is related to stress.

	
	Chemicals involved

	HOW does stress affect cortisol production?
	

	WHAT is cortisol?
	

	WHY is too much cortisol a bad thing?
	

	HOW can cortisol production be reduced?
	



Summary: On the back of this page, summarize the information about cortisol production in a sentence (20 words or less).
[bookmark: _Toc478389331]Genetically Modified Foods: Are They Safe to Eat?

Directions: As you read the article, complete the graphic organizer below to describe what you learned about GMOs.

	Why are they important?
GMOs

	How are they produced?


	How are they treated in the body?


	Examples





Summary: On the back of this page, use information from the article to write a tweet (140 characters or less) about GMOs.
[bookmark: _Toc478389332]
Growing Green on the Red Planet
[bookmark: _Toc478389333]Background Information (teacher information)

Mars—the planet

History

	Mars is the fourth planet in our solar system. It was named by the Romans after their god of war, because of its red, blood-like color. The Egyptians named it “Her Desher” meaning “the red one.” Mars is the most studied planet after Earth.Mars, 4th planet from the sun

(http://nssdc.gsfc.nasa.gov/image/planetary/mars/hst_mars_opp_9709a.jpg)


	The first recorded reference of Mars was made in 1534 BCE by Egyptian astronomers who described it as a wandering object in the night sky. They described that the planet appeared as a star but moved differently than other stars. It would slow down and even reverse its course, and then return to the original course. Astronomers of the Neo-Babylonian Empire (626 BCE–539 BCE) regularly recorded the positions of the planets. They detailed Mars’s orbital period and its passage through the zodiac. By the 5th–4th century BCE, the Greeks made additional observations on Mars’s behavior, which helped them better understand its position in the solar system.

	The first to observe Mars with a telescope was Galileo Galilei in 1610. His goal was to determine if Mars exhibited phases as the Moon does. Galileo did note that Mars’s angular size did seem to decrease. Mars’s phases were observed by a Polish astronomer, Johannes Hevelius, in 1645. In 1659, the first map of Mars that displayed terrain features was produced by Christiaan Huygens, a Dutch astronomer. He also determined that the rotation period of the planet was about 24 hours. Domenico Cassini, an Italian astronomer, improved on Huygens’s measurement and determined that the rotation was closer to 24 hours and 40 minutes. Cassini also observed a fuzzy white cap at Mars’s north pole in 1672, which for the next 300 years people assumed was either snow or ice. We now refer to them as the polar ice caps.

	By the 20th century, improvements in the resolution of telescopes made it possible to see surface features on Mars. One of the features researchers saw a network of long, straight canals. This led to the hypothesis that the canals were an indication of a civilization that used them to move water from the poles to the dry center of the planet. Other researchers argued that there could not be canals with water because the surface temperatures on Mars were too cold. The controversy concerning the canals was not settled until spacecraft arrived near Mars and revealed that Mars was a barren world with no signs of life or civilization.

The following information gathered from various NASA documents provides an overview of the history of some of the spacecraft studying Mars.

		DATE
	SPACECRAFT
	RESULTS

	1964
	Mariner 4 (orbiter)
	Sent images of Moon-like, cratered terrain. Measured atmospheric pressure and daytime temperatures. 

	1969
	Mariner 6 and 7 (orbiters)
	Sent images of equator and south pole which showed the surface to be very different from that of the moon.

	1971
	Mariner 9 (orbiter)
	Mapped 80% of Mars, discovering volcanoes and canyons.

	1976
	Viking 1 and 2 (orbiter and lander)
	First successful landing on Mars. Took close-up pictures and carried out biological experiments to look for possible signs of life.

	1996
	Mars Pathfinder (lander and small robotic wheeled rover)
	Rover was named Sojourner. Took and returned more than 17,000 images. Performed chemical analyses of rocks and soils. Collected extensive data on wind and weather factors.

	1997
	Mars Global Surveyor (orbiter)
	Studied entire Martian surface, atmosphere and interior over period of several years.

	2001
	Mars Odyssey (orbiter)
	Discovered vast amounts of water ice buried below the surface in the polar regions.

	2003
	Spirit and Opportunity (rovers)
	The Mars Exploration Rover Mission launched and landed the two rovers on opposite sides of Mars. Both found evidence that water once flowed on the planet.

	2006
	Mars Reconnaissance Orbiter (orbiter)
	The goal for this orbiter was to search for evidence that water persisted on the surface of Mars for a long period of time. It has confirmed that liquid water flows on today’s Mars. This orbiter continues today (2017) to send back pictures and data.

	2008
	Phoenix (lander)
	It landed near the northern pole. Scientists designed it to study the history of water and search for complex organic molecules in the soil. It confirmed water ice, observed falling snow, found perchlorate in rocks.

	2012
	Curiosity (rover)
	The rover is part of the Mars Science Laboratory Mission. Its main scientific goals are to help determine whether Mars could have ever supported life, determine the role of water, and study the climate and geology of Mars. It is still operating today (2017).

	2014
	MAVEN (Mars Atmosphere and Volatile Evolution Mission) (probe)
	It was design to study the Martian atmosphere and determine how the planet’s water and atmosphere were lost over time.







	Composition and geology

	Mars is the second smallest planet, next to Mercury. It is a rocky body about one half the size of Earth. Although Mars is half the diameter of Earth, it has the same amount of dry land. The planet’s red color is due to iron-rich minerals. The iron minerals oxidize or rust, causing the soil to look red. Martian soil is rich in minerals containing silicon, oxygen, iron, magnesium, sodium, potassium and chlorine. The soil is slightly alkaline, with a pH of about 7.7. The crust is largely basalt, an igneous rock, which is also common in the crusts of Earth and the Moon. Basalt is rich in magnesium oxide, MgO, and calcium oxide, CaO, and low in silicon dioxide, SiO2. Some crustal rock may be a form of andesite, another igneous rock, which has more silicon dioxide than basalt.

There is no global magnetic field in Mars, yet Mars Global Surveyor orbiter found areas of the Martian crust in the southern hemisphere that are about ten times more strongly magnetized than anything measured on Earth. This provides an indication that an ancient magnetic field once existed on Mars.

Mars has the highest mountain and the deepest, longest valley in the solar system. Olympus Mons, once a volcano, is 16 miles (25 kilometers) high, which is about three times as tall as Mt. Everest.Olympus Mons compared to 
the state of Arizona

(https://mars.jpl.nasa.gov/gallery/atlas/olympus-mons.html)

(http://www.buzzle.com/articles/facts-about-olympus-mons-a-large-shield-volcano-on-mars.html)




The Valles Marineris system of valleys is 6 miles (10 kilometers) deep in spots and runs east-west for roughly 2500 miles (4000 kilometers). These mountains that were once volcanoes are believed to have been active 2–3 billion years ago. Channels, valleys, and gullies exist all over the Mars surface. They suggest that liquid water might have flowed across the planet’s surface at one time. Scientists believe that Mars experienced a giant flood over 3.5 billion years ago; however, they do not know where the flood water came from, how long it lasted, or where it went.Valles Marineris

(https://www.nasa.gov/multimedia/imagegallery/image_feature_83.html)


	At the poles of Mars are vast deposits of finely layered stacks of (water) ice and solid carbon dioxide (dry ice), which extend from the pole to about 80 degrees latitude. There is a polar ice cap all year long, which grows in the winter and shrinks in the summer. The permanent northern polar ice cap is mostly water, while the one in the south is predominantly carbon dioxide ice, with some water ice. At times the northern permanent cap is 10 times larger than the southern cap. Scientists have no explanation for the differences at this time.Polar ice caps on Mars

(http://www.windows2universe.org/mars/places/mars_poles_image_gallery.html)


	Mars has two moons, Phobos and Deimos. They are named after the sons of the Greek god of war. Phobos means “fear” and Deimos means “rout”. These moons are composed of carbon-rich rock, mixed with ice covered in dust and loose rocks. They are small compared to the Earth’s moon. They are potato shaped because they have too little mass for gravity to make them spherical. Although it is uncertain how these moons were “born”, it is strongly believed that they may have been asteroids captured by Mars’s gravitational pull. Phobos is gradually getting closer to Mars each century and will eventually either crash into Mars or break up to form a ring of debris around the planet.Moons of Mars—Phobos and Deimos

(http://www.universetoday.com/14701/mars/)



	Atmosphere and Climate of Mars

	Mars has a very thin atmosphere. The atmospheric pressure varies between 0.4 and 0.87 kilopascals, which is equivalent to about 1% of Earth’s atmospheric pressure at sea level. The composition of the Mars atmosphere consists of 95% carbon dioxide, CO2; 2.7% nitrogen, N2; 1.6% argon, Ar; 0.13% oxygen, O2; and 0.08% carbon monoxide, CO. Because the atmosphere is predominantly carbon dioxide, the Martian atmospheric pressure changes with the season. During the summer, the CO2 sublimes from the polar ice caps enough to increase the pressure. The pressure falls in the winter when the CO2 refreezes as snow (dry ice). The atmosphere is dusty and contains particulates that measure about 1.5 micrometers in diameter. This gives the sky a brownish-red color from the surface of the Mars.

	At one time Mars had a much thicker atmosphere. Scientists did not know if the atmosphere was lost to space or absorbed by the planet, until NASA’s MAVEN orbiter arrived. From the data it collected scientists determined that the atmosphere was lost to space over four billion years ago. The stripping of the atmosphere continues today at a much slower rate. The loss of the atmosphere is due to solar winds, composed of mainly protons and electrons from the sun, which produce an electric field that accelerates ions in the upper Martian atmosphere to an escape velocity. The strong magnetic field on Earth prevents this from happening here.

	Mars once had a strong magnetic field--like Earth does now--produced by a dynamo effect from its interior heat. But as the smaller planet cooled, Mars lost its magnetic field sometime around 4.2 billion years ago, scientists say. During the next several hundred million years, the Sun’s powerful solar wind stripped particles away from the unprotected Martian atmosphere at a rate 100 to 1,000 times greater than that of today.

(https://arstechnica.com/science/2015/11/how-mars-lost-its-atmosphere-and-became-a-cold-dry-world/)

[image: Without a strong magnetic field like Earth, Mars is laid bare to solar storms.]

Without a strong magnetic field like Earth, Mars is laid bare due to solar winds.

(https://arstechnica.com/science/2015/11/how-mars-lost-its-atmosphere-and-became-a-cold-dry-world/)

	Mars is much colder than Earth, due to its thin atmosphere and its greater distance from the sun. Mars does experience seasons, much like Earth, due to the tilt of its rotational axis. Because of its slightly elliptical orbit around the sun, the length of the seasons on Mars vary. The average temperature is about –80 oF (–60 oC); however, there is a wide range of temperatures on the planet. Near the poles during the winter, the temperature can drop to 
–195 oF (–125 oC). During the summer near the Martian equator, the temperature can reach 
95 oF (35 oC). These temperatures currently prevent liquid water existing on the Martian surface for any length of time.

	Mars experiences dust storms that are the largest in the solar system; these can blanket the entire planet and last for months. During the warmer season, the sun heats up the atmosphere and causes small convection currents that lift dust into the atmosphere. The airborne dust particles absorb sunlight and heat up the atmosphere further, which causes more wind, lifting more dust into the air. This cycle continues and creates tornado-like dust storms.

	The table below compares the characteristics of Mars to those of Earth.

	
	Mars
	Earth

	Atmosphere (composition)
	Carbon dioxide (95.32%)
Nitrogen (2.7%)
Argon (1.6%)
Water vapor (0.03%)
Nitric oxide (0.01%)
	Nitrogen (77%)
Oxygen (21%)
Argon (1%)
Carbon dioxide (0.038%)

	Atmosphere (pressure)
	7.5 millibars (average)
	1013 millibars (at sea level)

	Deepest canyon
	Valles Marineris
7 km (4.35 miles) deep
4000 km (2485 miles) wide
	Grand Canyon
1.8 km (1.1 miles) deep
400 km (248.5 miles) long

	Distance from the sun (average)
	227,936,637 kilometers (142,633,260 miles)
	149,597,891 kilometers
(92,955,820 miles)

	Equatorial radius
	3,397 kilometers (2,111 miles)
	6,378 kilometers (3,963 miles)

	Gravity
	0.375 that of Earth
	2.66 times that of Mars

	Largest volcano
	Olympus Mons
26 kilometers (16 miles) high
602 kilometers (374 miles) in diameter
	Mauna Loa (Hawaii)
10.1 kilometers (6.3 miles) high
121 kilometers (75 miles) in diameter

	Length of day (time required to make a full rotation on its axis)
	24 hours 37 minutes
	Just slightly under 24 hours

	Length of year (time required to make a complete orbit of the sun)
	687 Earth days
	365 days

	Polar caps
	Covered with a mixture of carbon dioxide ice and water ice
	Permanently covered with water ice

	Surface temperature (average)
	–81 oF (–63 oC)
	57 oF (14 oC)

	Tilt of axis
	25 degrees
	23.45 degrees

	# of satellites
	2 (Phobos and Deimos)
	1 (Moon)



(http://phoenix.lpl.arizona.edu/mars111.php)

Plant growth and nutrients

	Many factors affect the growth of a plant, and each kind of plant has its own needs and requirements. All plants do require certain basic environmental factors in their environment. If any one factor is less than ideal, it will become a limiting factor in the plant’s growth. The basic environmental factors are: light, temperature, water, pH, and nutrients.

	The energy source for plants is sunlight. There are three principle characteristics of light that affect plant growth. The quantity of light, which is the intensity or concentration of sunlight, is the first factor. The intensity varies with the season. During the summer it is at its maximum and it is at a minimum in winter. The more sunlight a plant receives, the more photosynthesis occurs and the more food the plant produces. The quality of light is another characteristic. This refers to the color or the wavelength reaching the plant surface. Red and blue light increase plant growth the most. Green light is mostly reflected, which is why plants look green, so it has little effect on plant growth. The third factor is the duration or photoperiod of the light. The photoperiod relates to the amount of time the plant is exposed to sunlight, and it triggers flowering. Actually, it is not the length of daylight, but the length of uninterrupted dark periods that is critical.

	Temperature affects plant growth. Plants grow best within an optimum range of temperatures. For some species the optimum range maybe wide, while for others it is narrow. The temperature must allow the plant to carry on life-sustaining chemical reactions. Plants experience abnormal growth and reduced production when the temperatures are either too high or too low. Warm season vegetables and most flowers grow best when the temperatures are between 60 oF (15 oC) and 80 oF (27 oC). Cool season vegetables, like spinach and lettuce, grow best between 50 oF (10 oC) and 70 oF (21 oC).

	Water is essential for plant growth, even though different plants have different needs. Some plants tolerate drought, some need winter rains, and others need a consistent supply of moisture to grow well. Water is a primary component in photosynthesis. It also plays a critical role as a solvent for minerals moving into a plant. Water maintains the firmness of tissue, referred to as turgor pressure. The turgor pressure regulates the opening and closing of the stomata, which regulates the plants respiration. Water pressure helps the roots move through the soil.

	The pH of the soil and water affect the ability of plant roots to take up certain nutrients. Most plants grow best in soils that have a relatively neutral pH (pH = 7). Some plant such as azaleas and blueberries thrive in slightly acidic soil (pH=6). The solubility of trace elements is controlled by pH and only soluble nutrients can be used by the plant. For instance, iron is not soluble when the pH is high (basic) and iron deficiencies are often present in high pH soils even when the soil contains plenty of iron.

	There are sixteen elements that are important to plant’s growth and survival. They can be divided into two categories; non-mineral nutrients and mineral nutrients. The non-mineral nutrients are carbon, hydrogen and oxygen and are obtained from the air and water. Carbon dioxide and water are converted to sugars by photosynthesis. Since these elements come from the air and water there is little that can be controlled by farmers and gardeners. The remaining 13 essential elements, which are the mineral nutrients, are taken up from the soil and can be grouped into three categories: primary macronutrients, secondary macronutrients and micronutrients.

	The primary macronutrients are nitrogen, phosphorus and potassium. These nutrients are the ones used in the largest quantities by plants and, as a result, are frequently the first elements to be depleted in the soil. Fertilizers generally contain these three nutrients and the percentage of each is given as a three-number combination. A general balanced fertilizer would be labeled (10-10-10) which would be 10% nitrogen, 10% phosphorus expressed as P2O5 and 10% potassium expressed as K2O. Most lawns and grasses need nitrogen, so a (20-10-10) fertilizer would be a good choice.Example of an all-purpose fertilizer

(https://www.yardcaregurus.com/what-do-fertilizer-numbers-mean/)


	The secondary macronutrients are calcium, magnesium and sulfur. These elements are needed in smaller quantities than the primary macronutrients. Generally, soils have sufficient quantities of these elements. Dolomitic lime (a mixture of calcium carbonate and magnesium carbonate) is used when soils are too acidic, or deficient in calcium or magnesium. Sulfur usually comes from decaying organic matter.

	Micronutrients are those elements needed in very small amounts by plants. The micronutrients are iron, manganese, zinc, copper, boron, molybdenum and chlorine. Although only needed in very small amounts, their importance is still great. If there is a shortage of them, it can limit the plant’s growth and crop yield. Without sufficient amounts, the plant can even die.


Below is a table giving some of the roles each of these essential elements play.

	Element
	Function

	Primary Macronutrients

	Nitrogen
	· Necessary for formation of amino acids, the building blocks of protein 
· Essential for plant cell division, vital for plant growth 
· Directly involved in photosynthesis as an element in chlorophyll
· Necessary component of vitamins 
· Aids in production and use of carbohydrates 
· Affects energy reactions in the plant

	Phosphorus
	· Involved in photosynthesis, respiration, energy storage and transfer, cell division, and enlargement 
· Promotes early root formation and growth 
· Improves quality of fruits, vegetables, and grains 
· Vital to seed formation 
· Helps plants survive harsh winter conditions 
· Increases water-use efficiency 
· Hastens maturity

	Potassium
	· Carbohydrate metabolism and the break down and translocation of starches 
· Increases photosynthesis 
· Increases water-use efficiency 
· Essential to protein synthesis 
· Important in fruit formation 
· Activates enzymes and controls their reaction rates 
· Improves quality of seeds and fruit 
· Improves winter hardiness 
· Increases disease resistance

	Secondary Macronutrients

	Calcium
	· Utilized for continuous cell division and formation 
· Involved in nitrogen metabolism 
· Reduces plant respiration 
· Aids translocation of photosynthesis products from leaves to fruiting organs 
· Increases fruit set 
· Essential for nut development in peanuts 
· Stimulates microbial activity

	Magnesium
	· Key element of chlorophyll 
· Improves utilization and mobility of phosphorus 
· Activator and component of many plant enzymes 
· Increases iron utilization in plants 
· Influences earliness and uniformity of maturity

	Sulfur
	· Integral part of amino acids 
· Helps develop enzymes and vitamins 
· Promotes nodule formation on legumes 
· Aids in seed production 
· Necessary in chlorophyll formation (though it isn’t one of the constituents)

	Micronutrients

	Boron
	· Essential of germination of pollen grains and growth of pollen tubes 
· Essential for seed and cell wall formation 
· Promotes maturity 
· Necessary for sugar translocation 
· Affects nitrogen and carbohydrate

	Chlorine
	· Not much information about its functions 
· Interferes with P uptake 
· Enhances maturity of small grains on some soils
· Aids in plants metabolism

	Copper
	· Catalyzes several plant processes 
· Major function in photosynthesis 
· Major function in reproductive stages 
· Indirect role in chlorophyll production 
· Increases sugar content 
· Intensifies color 
· Improves flavor of fruits and vegetables

	Iron
	· Promotes formation of chlorophyll 
· Acts as an oxygen carrier 
· Reactions involving cell division and growth

	Manganese
	· Functions as a part of certain enzyme systems 
· Aids in chlorophyll synthesis 
· Increases the availability of P and Ca

	Molybdenum
	· Required to form the enzyme "nitrate reductase" which reduces nitrates to ammonium for protein synthesis
· Aids in the formation of legume nodules 
· Needed to convert inorganic phosphates to organic forms in the plant

	Zinc
	· Aids plant growth hormones and enzyme system 
· Necessary for chlorophyll production 
· Necessary for carbohydrate formation 
· Necessary for starch formation 
· Aids in seed formation



(http://eldoradochemical.com/fertiliz1.htm)


	Fertilizers

	Soil used repeatedly to grow plants will eventually become deficient in the nutrients needed for healthy plant growth. Fertilizers are used to add nutrients to the soil so growing plants have an adequate supply. Fertilizers can either be organic or inorganic. Organic fertilizers are substances that are derived from natural organisms, such as plants and animals. Examples of organic fertilizers include manure (excreta from animals), bone meal, fish emulsion, and decomposed vegetation. Since these fertilizers are complex organic materials, they decompose slowly and the nutrients are released slowly. The nutrients in organic fertilizers are not water soluble. Soil microbes play an important role in converting nutrients into soluble ones that can be absorbed by the plant. These fertilizers contain a wide range of nutrients but at a low concentration. In addition, organic fertilizers tend to improve the soil structure and water-holding capacity.

	Inorganic fertilizers are mineral in nature. Today most of these are synthetic and are the result of a chemical process. They are typically salts containing nitrogen, phosphorus, and potassium, as well as other macronutrients and micronutrients. Inorganic fertilizers may contain such salts as ammonium nitrate, NH4NO3, ammonium sulfate, (NH4)2SO4, diammonium phosphate, (NH4)2HPO4, potassium chloride, KCl, and potassium nitrate, KNO3. Inorganic fertilizers usually contain the three essential nutrients—nitrogen, phosphorus and potassium. They can be produced so that the nutrient content is suitable for the type of plants being grown. These fertilizers are water-soluble and can be taken up by the plant almost immediately. For that reason, it is necessary to be careful in applying inorganic fertilizers, for too much can damage the plant. The inorganic fertilizer can be formulated for immediate use or for the slow release of the nutrients. The inorganic fertilizer does little to improve the soil texture and some have a high acid content, which can affect the soils fertility.

	One of the problems with inorganic fertilizers is that the nitrogen compounds are very water soluble and, frequently, much of it is washed away before plants can absorb it. This requires the use of more fertilizer, which is expensive and creates environmental problems with excess nitrogen in natural waters. Slow release fertilizers are available, but they are expensive. These are usually made by coating urea with water-insoluble sulfur or a polymer. The slow release fertilizers have not been very effective in increasing crop yield.

Gehan Amaratunga, an engineer from the University of Cambridge, is experimenting with a new approach using nanotechnology.

They [Amaratunga and his colleagues] attached urea molecules to nanoparticles of hydroxyapatite, a naturally occurring form of calcium phosphate found in bone meal. Hydroxyapatite is nontoxic and a good source of phosphorus, which plants also need. In water, the urea-hydroxyapatite combination released nitrogen for about a week, compared with a few minutes for urea by itself. In field trials on rice in Sri Lanka, crop yields increased by 10%, even though the nanofertilizer delivered only half the amount of urea compared with traditional fertilizer.

(http://cen.acs.org/articles/95/web/2017/02/Slow-release-nitrogen-fertilizer-increase.html)

The nanofertilizer is a little more expensive than traditional fertilizer but since less fertilizer is needed the cost is not a factor. The experimentation with the nanofertilizer continues but looks very promising.



Photosynthesis

	Photosynthesis is the process by which plants, algae and certain bacteria capture light energy and convert it to chemical energy. In the process, sugars, such as glucose, are synthesized from carbon dioxide and water. Oxygen is release as a byproduct. The sugar molecules provide organisms with two important resources: energy and organic carbon.

	There are two types of photosynthesis: oxygenic photosynthesis and anoxygenic photosynthesis. Oxygenic photosynthesis is the most common and is what occurs in plants, algae and cyanobacteria. During oxygenic photosynthesis electrons are transferred from water to carbon dioxide, driven by light energy. Carbohydrates and oxygen are produced in the process. The process is complex and a series of multistep reactions. The overall reaction is generally given as:
6 CO2  +  6 H2O  +  light energy    C6H12O6  +  6 O2

	The anoxygenic photosynthesis uses electron donors other than water. This process usually occurs in bacteria, such as purple bacteria or green sulfur bacteria. Since water is not the electron donor, this process does not produce oxygen. The byproduct produced depends on the electron donor. An example of an electron donor is hydrogen sulfide, H2S, which is used by many bacteria. When hydrogen sulfide is used, solid sulfur is the byproduct. The overall general equation is given as:
n CO2  +  2n H2A  +  light energy    (CH2O)n  +  2n A  +  n H2O

where H2A is the variable electron donor and A would be the by product.

	The cellular components that play an essential role in photosynthesis are pigments, plastids, antenna, and reaction centers. Pigments are molecules that give plants, algae and bacteria their color. They are responsible for trapping sunlight. Different colored pigments absorb different wavelengths. There are three main groups of pigments. Chlorophylls are green pigments that absorb blue and red light. Carotenoids are pigments that are red, orange or yellow. They absorb bluish-green light. The third type of pigment is phycobilins; some of these are red and some are blue in color. They tend to absorb wavelengths of light that are not absorbed by the other two. They are seen primarily in cyanobacteria and red algae.

	Plastids are organelles found in the cells of plants and algae and are the site of manufacture and storage of important chemical compounds used by the cell. Three plastids in plants include leucoplasts, chromoplasts and chloroplasts. Leucoplasts store fats and starch and do not involve synthetic activities. Chromoplasts contain many red, yellow and orange pigments commonly found in flowers and fruits. Chloroplasts contain chlorophylls; photosynthesis occurs in chloroplasts.

	A large collection of pigment molecules (100–5000) create the components known as antennae. The pigment molecules are associated with proteins that allow them to be flexible so they can move toward the light. Antennae are complex light harvesting systems that capture the light energy from the sun and transfer it to the reaction centers.

	The reaction center is a complex of pigments and proteins that converts light energy to chemical energy. This begins the process of electron transfer.

	In plants, photosynthesis predominantly occurs in the leaves.
Structure of 
photosynthesis components

(https://www.khanacademy.org/science/biology/photosynthesis-in-plants/introduction-to-stages-of-photosynthesis/a/intro-to-photosynthesis)

The cells in a middle layer of leaf tissue called the mesophyll are the primary site of photosynthesis. Small pores called stomata—singular, stoma—are found on the surface of leaves in most plants, and they let carbon dioxide diffuse into the mesophyll layer and oxygen diffuse out. Each mesophyll cell contains organelles called chloroplasts, which are specialized to carry out the reactions of photosynthesis. Within each chloroplast, disc-like structures called thylakoids are arranged in piles like stacks of pancakes that are known as grana—singular, granum. The membrane of each thylakoid contains green-colored pigments called chlorophylls that absorb light. The fluid-filled space around the grana is called the stroma, and the space inside the thylakoid discs is known as the thylakoid space. Different chemical reactions occur in the different parts of the chloroplast.

(https://www.khanacademy.org/science/biology/photosynthesis-in-plants/introduction-to-stages-of-photosynthesis/a/intro-to-photosynthesis)

Photosynthesis is a complicated series of steps, but the process can be broken down into two stages: light-dependent reactions and light-independent reactions. The light-dependent reactions occur in the thylakoid membrane of the chloroplast, where chlorophyll pigment is located. When a photon of light hits the reaction center, it energizes an electron in chlorophyll. The chlorophyll releases an electron. The electron escapes by travelling through an electron transport chain in the thylakoid membrane.Structure of chloroplast

(http://biology.tutorvista.com/animal-and-plant-cells/chloroplasts.html)



Every step in the electron transport chain brings each electron to a lower energy state. The energy is harnessed by producing ATP (adenosine triphosphate) and NADPH (nicotinamide adenine dinucleotide phosphate). ATP serves as a source of chemical energy for cells and NADPH is a reducing agent that supplies electrons and hydrogen ions, H+. Each chlorophyll molecule replaces its lost electron with an electron from a water molecule. Oxygen is released in the process.

	In plants, carbon dioxide diffuses through the leaf’s stomata (pores in the leaf) and enters the chloroplast stroma. This is where the light-independent reactions, also called the Calvin Cycle (see diagram at right), take place. Light is not required for these reactions. The ATP and NADPH molecules provide the energy for the reactions that take the carbon from carbon dioxide (from the atmosphere) and produce a three-carbon sugar called glyceraldehyde-3-phosphate (G3P). Cells then use G3P to build a variety of sugars, including glucose, as well as other organic molecules.Photosynthesis processes

(https://www.khanacademy.org/science/biology/photosynthesis-in-plants/introduction-to-stages-of-photosynthesis/a/intro-to-photosynthesis) 


Oxygen generation in space

	Oxygen is necessary for life. On Earth, we have a plentiful supply of oxygen, and it is produced in photosynthesis. In space, there is an insufficient supply of oxygen to support life. On short space travels, the spaceship carries its own supply of oxygen in tanks. For extended stays in space, such as on the International Space Station, it is necessary to generate oxygen. On the International Space Station, the oxygen generators make oxygen by the electrolysis of water. This occurs by passing electric current through water. The reduction of water occurs at the cathode where electrons combine with water to produce hydrogen and hydroxide ions:
2 H2O (l)  +  2e─    H2 (g)  +  2 OH─ (aq)

Oxidation occurs at the anode, where electrons from water flow into the anode and to the cathode. This produces oxygen and hydrogen ions.
2 H2O (l)    O2 (g)  +  4 H+ (aq)  +  4 e─

The water is delivered to the space station from Earth by re-supply ships. It is also condensed from the air in the space station and recycled from the astronauts’ urine. The space station’s solar panels generate the electricity.

	As scientist look to send people to Mars, oxygen will need to be generated from whatever is available on Mars. As in the movie The Martian, NASA has announced that the Mars 2020 rover will carry an oxygen generator to the Mars surface. The Mars Oxygen In-situ Resource Utilization Experiment (MOXIE), developed by the Massachusetts Institute of Technology, will generate oxygen from carbon dioxide. The oxygen can be used for rocket fuel and, in the future, for human breathing. The Mars atmosphere is predominantly carbon dioxide, but the atmosphere is very thin. MOXIE will collect CO2 from the atmosphere, compress it to a pressure of one atmosphere, and store it. It will then be fed into the Solid Oxide Electrolyzer (SOXE) where the CO2 will be split electrochemically. The SOXE operates at temperatures between 800 oC and 850 oC, requiring sophisticated thermal insulation. An explanation of how the SOXE operates is given below.

MOXIE uses a solid oxide electrolysis (SOXE) stack developed by Ceramatec, Inc. for converting CO2 to O2. Its working elements are stacked scandia-stabilized zirconia (ScSZ) electrolyte-supported cells with thin screen-printed electrodes, coated with a catalytic cathode on one side and an anode on the other. These are separated by expansion-matched interconnects that direct the source, exhaust, and product gases to and from their respective manifolds, as illustrated in Fig. 1. The stacks operate in the 800–850°C range.

[image: SOXE]

When CO2 flows over the catalyzed cathode surface under an applied electric potential, it is electrolyzed according to the reaction CO2 + 2e- ⇒ CO + O=. The CO is exhausted, while the oxygen ion is electrochemically driven through the solid oxide electrolyte to the anode, where it is oxidized (O= ⇒ O + 2e-). The O atoms combine to produce the gaseous O2.

(http://ssed.gsfc.nasa.gov/IPM/PDF/1134.pdf)

Hydrazine

	Hydrazine, also known as diamine and nitrogen hydride, is a highly reactive inorganic compound with the formula N2H4. It is a colorless, flammable liquid that has a pungent smell similar to ammonia. It is a toxic irritant and sensitizer that can damage the central nervous system, producing symptoms such a tumors and seizures. Hydrazine is very useful because it is a strong reducing agent, as well as serving as a precursor for some organic syntheses.

	More than 100,000 metric tons of hydrazine are produced annually. Today hydrazine is produced by many methods. One of the most common methods is called the Olin-Raschig process, developed by a German chemist named Fredrick Raschig in 1907. The process occurs in two steps. Initially sodium hypochlorite (NaOCl), the active ingredient in bleach, is mixed with ammonia (NH3) at 5 oC. This forms chloramine (NH2Cl) and sodium hydroxide (NaOH). This mixture is rapidly added to anhydrous ammonia under pressure and at 130 oC. In addition to hydrazine, water and sodium chloride are also produced, as waste products.
NaOCl  +  NH3     NH2Cl  +  NaOH
NH2Cl  +  NaOH  +  NH3    N2H4  +  H2O  +  NaCl

	The most common use of hydrazine is to produce blowing agents.

These are gases which are blown through a liquid which causes it to foam, and then harden into a lightweight solid, an example being expanded polystyrene [Styrofoam®]. The two main blowing agents made from hydrazine are azodicarbonamide and azobisisobutyronitrile. Azodicarbonamide is used to produce foamed plastic, because when heated it decomposes into N2, CO, CO2 and NH3 which then get trapped as bubbles in the polymer. Azobisisobutyronitrile is also used as a foamer in plastics and rubber, but is also used as a radical initiator in polymerization reactions because it readily expels N2 gas leaving two CN-substituted cyclopropane radicals behind to begin the free-radical chain reaction.

(http://www.chm.bris.ac.uk/motm/hydrazine/hydrazineh.htm)
Azobisisobutyronitrile

(https://en.wikipedia.org/wiki/Azobisisobutyronitrile)
Azodicarbonamide

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


Sodium azide (NaN3), which is used to activate automobile air bags, is produced by the reaction between hydrazine and sodium nitrite. Sodium azide decomposes rapidly when it is heated, creating a huge volume of gas filling the air bag to protect the person in the car.
NaNO3  +  N2H4    NaN3  +  H2O2
2 NaN3 (s)    2 Na(s)  +  3 N2 (g)

	Hydrazine is a strong reducing agent with by-products of only water and nitrogen gas. For that reason, it is commonly used as an oxygen scavenger and corrosion inhibitor in water cooling systems of power plants:
N2H4  +  O2    H2O  +  N2

Hydrazine is used to reduce metal oxides back to metals. An example of this is the reduction of plutonium oxide in nuclear waste back to plutonium metal.

	As in The Martian, hydrazine is also used as rocket fuel propellant. It is used mainly for the maneuvering thrusters of spacecraft. Hydrazine was used to power the Space Shuttle auxiliary power units. Hydrazine-fueled rocket engines are used in the terminal descent of spacecraft. These were used on the Viking program landers in the 1970s. They were also used on the Phoenix lander in 2008 as well as the Curiosity rover in 2012.

	Hydrazine is used as a monopropellant, which is a chemical propulsion fuel that does not require a separate oxidizer for the reaction. In the monopropellant engine, the hydrazine passes over an iridium metal catalyst that causes it to decompose rapidly, producing ammonia, nitrogen and hydrogen. The decomposition reactions (reactions #1 and #2 below) are extremely exothermic, causing the reaction chamber to reach temperatures of 800 oC in milliseconds. The final reaction is endothermic which takes away some of the heat and produces even more nitrogen and hydrogen gas. These reactions produce a large volume of hot gases from a small volume of liquid, making hydrazine an efficient propellant. The hot gases are forced out of the rocket through a tight nozzle to create thrust.
1. 3 N2H4  →  4 NH3  +  N2
2. N2H4  →  N2  +  2 H2
3. 4 NH3  +  N2H4  →  3 N2  +  8 H2

[bookmark: _Toc212568419][bookmark: _Toc478389334]Connections to Chemistry Concepts (for correlation to course curriculum)

1. [bookmark: _Toc212568420]Descriptive chemistry—This article could be used to discuss the characteristics and importance of several elements, especially those important to plant growth.
2. Limiting reagent—The discussion of macronutrients and micronutrients can be used as an example of a limiting reagent.
3. Energy conversion—This article serves as an example of the conversion of light energy from the sun to chemical energy in the plants.
4. Light energy, wavelength and activation energy—As you discuss the relationship between light energy and wavelength you can use the information in this Teacher’s Guide to cite the pigments in plants and their colors as an example of how absorbed light determines the color of the pigment. You could also relate the light energy absorbed by plants as the activation energy in the photosynthesis process.
5. Synthesis and decomposition reactions—The decomposition of hydrazine to produce hydrogen, and then the synthesis of water from the hydrogen provides real life practical examples of these reaction types.
6. Oxidation-reduction reactions—The production of oxygen from carbon dioxide, the decomposition of hydrazine to form nitrogen and oxygen, the synthesis of water from hydrogen and oxygen, and photosynthesis are all excellent examples of redox reactions mentioned in the article
7. Greenhouse effect—While studying the greenhouse effect, you could discuss how the thin Martian atmosphere affects the daily and seasonal temperatures on Mars.

[bookmark: _Toc478389335]Possible Student Misconceptions (to aid teacher in addressing misconceptions)

1. “The dust storms on Mars have strong, destructive winds like in the movie, The Martian.” Dust storms do exist and can last for long periods of time on Mars. The atmosphere on Mars is only 1% of that on Earth. Since the atmosphere is so thin, even a strong wind would have little force, since the force is a function of velocity and atmospheric density. In the strongest storm you would feel a breeze but it wouldn’t be able to knock a person over. The wind would be strong enough to fly a kite, but not much else.
2. “The Martian atmosphere is thinner than Earth’s, so it should allow much more sunlight to penetrate to the surface of the planet to make it warmer.” That might be true during the daytime when the sun’s rays hit the planet, but the thin atmosphere of Mars also does not hold in nearly as much of the sun’s energy at night as Earth’s atmosphere does.
3. “With an atmosphere of 95% carbon dioxide, plants should really flourish on Mars.” Unfortunately, even though its atmosphere is 95% carbon dioxide, the atmosphere on Mars is only about 1% as concentrated as the atmosphere on Earth. That means there won’t be enough carbon dioxide on Mars to sustain plants outdoors (never mind the cold temperatures), unless we concentrate the atmosphere in some way.
4. “Organic fertilizers are better.” The plant doesn’t care where the nutrients come from. Organic fertilizers do release their nutrients to the soil more slowly, since they are bound in complicated organic compounds and require microbial activity to release them. The concentration of nutrients in organic fertilizer is generally lower, requiring the use of more fertilizer. Organic fertilizers do improve the soil by adding organic material. There are certainly advantages and disadvantages to using organic fertilizers.

[bookmark: _Toc478389336]Anticipating Student Questions (answers to questions students might ask in class)

1. “Is it safe to use human feces as fertilizer?” The use of untreated human feces as fertilizer can be risky, since it can carry disease-causing pathogens. When human waste is treated by the municipal treatment plant it is then referred to as “biosolids”. It is treated to ensure that there are no pathogens or other hazardous materials. Once treated and tested the biosolids are safe to use as fertilizers for crops.
2. “Don’t manures stink?” Treated manures (biosolids) do have their own distinctive odor, depending on the treatment process. Some have a slight musty ammonia odor, while others have a much stronger odor that people would not find pleasant. The odor is primarily caused by compounds containing sulfur and ammonia which are nutrients for plant.
3. “Is it really possible to send a manned mission to Mars?” NASA has a goal to have a manned mission to Mars by 2030. They believe it will take international cooperation and private industry support.

“We are farther down the path to sending humans to Mars than at any point in NASA's history," Bolden [NASA administrator and astronaut] said during an event at NASA Headquarters in Washington, D.C. that detailed NASA's manned Mars plans.

"We have a lot of work to do to get humans to Mars, but we'll get there," Bolden said.

Some of this work includes developing a capsule called Orion and the Space Launch System (SLS) megarocket to help get astronauts to deep-space destinations. Orion and the SLS are scheduled to fly together for the first time, on an unmanned test flight, in 2018, with a manned flight to take place in 2021.

Newman [NASA deputy administrator] cited the fact that astronauts recently grew (and ate) lettuce on the International Space Station, as part of an experiment designed to better understand the production of food crops away from Earth.

Furthermore, two crewmembers on the orbiting lab — NASA astronaut Scott Kelly and cosmonaut Mikhail Kornienko — are halfway through an unprecedented yearlong mission that is characterizing the psychological and physiological effects of long-duration spaceflight. Such work should inform planning for crewed Red Planet missions, which could take astronauts away from Earth for 500 days or more, NASA officials have said.

Newman also mentioned the Mars Oxygen ISRU Experiment (MOXIE), one of seven science instruments that NASA's next Mars rover will carry toward the Red Planet when it blasts off in 2020.

MOXIE will pull carbon dioxide from the thin Martian atmosphere and turn it into pure oxygen and carbon monoxide, demonstrating technology that could keep settlers alive on the Red Planet — and help them blast off the surface when it's time to go home. (Oxygen can be used as an oxidizer, helping to burn rocket fuel.)
.
"We're going to make oxygen on another planet — the first time ever to make oxygen on another planet," Newman said. "These experiments — they're real, they're here."

Such work is being done in service of an epic and monumental goal.

(http://www.space.com/30580-nasa-manned-mars-mission-reality.html)

As of a news release on February 24, 2017, NASA is actually completing a feasibility study of putting two astronauts aboard the Space Launch System (SLS) for its initial flight in late 2018. A new report on this new study can be found at: http://www.cbsnews.com/news/nasa-studies-adding-crew-to-super-rocket-test-flight/.

[bookmark: _Toc478389337]Activities

Labs and demos

1. A lab to determine the contents of a fertilizer: The “Fertilizer Components” laboratory activity is a basic qualitative analysis lab that tests for nitrates, phosphates, sulfates, ammonium ions, iron(III) ions, and potassium ions. This lab procedure can be found in the textbook Chemistry in the Community. (American Chemical Society Chemistry in the Community, 6th ed., W. H. Freeman and Company/BFW: New York, 2012; pp 507–512) 
It can also be found online at https://books.google.com/books?id=wYtpGEbAB1cC&pg=PA412&lpg=PA412&dq=Chemistry+in+the+Community+Fertilizer+Components&source=bl&ots=eb3_69Imss&sig=6l6wTpWF-uGxq3fS2piVxL4IM4U&hl=en&sa=X&ved=0ahUKEwiLmOvUhJ_SAhXFbiYKHQe-Az8Q6AEIGjAA#v=onepage&q=Chemistry%20in%20the%20Community%20Fertilizer%20Components&f=false.
2. A laboratory activity to analyze phosphates in fertilizer: “Analysis of Phosphorus in Plant Food” quantitatively determines the amount of phosphorus in a fertilizer. This lab would be good for an advanced chemistry class, for the students are to determine the calculations they will need to perform in order to determine the mass percent of P2O5 in the fertilizer. (https://www.emich.edu/chemistry/genchemlab/documents/10-phosphorus.pdf)
3. A simple student lab for the electrolysis of water: “Electrolysis of Water Experiment” uses common household materials. This is written for a sixth grade class but could easily be adapted for high school students. (https://www.education.com/science-fair/article/water-electrolysis/) 
A similar version of the lab that is geared for high school students can be found on the American Association of Chemistry Teachers Web site for those who are members: https://teachchemistry.org/classroom-resources/electrolysis-of-water.
4. A demonstration for the electrolysis of water: “Electrolysis of Water” provides teacher instructions for demonstrating the electrolysis of water using the Hoffman apparatus, as well as an alternative procedure using a Petri dish. A reference to a video for both procedures is also included. (https://projects.ncsu.edu/project/chemistrydemos/Electrochem/Electrolysis%20of%20Water.pdf)

[bookmark: _Toc327249436][bookmark: _Toc453602479]Simulations
[bookmark: _Toc327249437]
1. Simulation of the rate of photosynthesis: “Measuring the Rate of Photosynthesis of Elodea” provides an opportunity for students to collect data on the rate of photosynthesis versus the amount of light. (https://www.reading.ac.uk/virtualexperiments/ves/preloader-photosynthesis-full.html)
2. Simulation of photosynthesis: “Illuminating Photosynthesis” is a series of simulations produced by NOVA. The first simulation, “The Cycle” shows the process of photosynthesis at the macroscale; sunlight striking the plant, watering the plant and the plant producing oxygen. The second simulation, “Atomic Shuffle”, illustrates photosynthesis on the molecular level. (http://www.pbs.org/wgbh/nova/nature/photosynthesis.html)
3. Greenhouse Effect simulation: This PhET simulation, “The Greenhouse Effect”, allows students to explore the relationship between various greenhouse gases, their concentrations, photons and temperature. There are many teacher submitted activities associated with this simulation. (https://phet.colorado.edu/en/simulation/greenhouse)
4. Simulation of the electrolysis of water: The “SEPUP Electrolysis Simulation” demonstrates the process at the molecular level. It provides an explanation of the processes occurring at the anode and the cathode. The animation may be stopped and started as needed. (http://www.sepuplhs.org/high/hydrogen/electrolysis_sim.html)

[bookmark: _Toc453602480]Media

	Videos

1. Mars: “Magnificent Mars: 10 Years of Mars Reconnaissance Orbiter” is a short video (2:20) produced by NASA Jet Propulsion Laboratory. It shows spectacular pictures taken from the Mars Reconnaissance Orbiter. (https://www.youtube.com/watch?v=bdHkgtLgcSY)
2. The color of Mars: “Is Mars Really Red?” is a short animated video (1:00) produced by NASA that explains the red color of Mars. (http://mars.nasa.gov/multimedia/videos/?v=29)
3. Explanation of the use of manure: “Treated Human Waste as Fertilizer” is a video (7:43) that investigates the use of human waste as fertilizer. The video shows the process of treating and testing the human waste from Los Angeles. The process turns the human waste into biosolids, which are then applied to fields to grow crops. (https://www.youtube.com/watch?v=9HPCW5020SU)
4. Photosynthesis: This Khan video, “Photosynthesis” (13:37), provides an overview of the process of photosynthesis. There are other Khan videos that go into more detail that can be found at the same site: https://www.khanacademy.org/science/biology/photosynthesis-in-plants/introduction-to-stages-of-photosynthesis/v/photosynthesis.
5. Photosynthesis using graphics: “Photosynthesis: Crash Course Biology #8” is a video (13:14) that provides an explanation of photosynthesis. The presenter is energetic and his explanation is interspersed with excellent graphics that demonstrate the photosynthesis process. (https://www.youtube.com/watch?v=sQK3Yr4Sc_k)
6. Reaction of hydrogen and oxygen: This video, “Hydrogen and Oxygen Gas Reaction” (2:57), provides an explanation of the reaction to produce water. It shows the explosive nature of the reaction. (https://www.youtube.com/watch?v=RudCaJB_Xx4)
[bookmark: _Toc327249438]
[bookmark: _Toc453602481]Lessons and lesson plans

1. Series of lessons on soil science: From the Ground Up: The Science of Soil, produced by Discovery Education, is a series of six lessons dealing with soil, plants, and the chemistry associated with them. Each lesson provides objectives, teacher background, detailed instructions and a PowerPoint presentation. The titles of the lessons are: “In Search of Essential Nutrients”, “Properties of Soil”, “Plant Soil Interactions”, “Plant Soil Deficiencies”, “Fertilizers and the Environment”, and “Nourishing the Planet in the 21st Century”. (http://www.thescienceofsoil.com/teacher-resources)
2. Series of activities dealing with the chemistry of fertilizers: The Chemistry of Fertilizers is a series of activities designed for high school chemistry classes. It provides an overview of the unit, objectives, time requirements, and materials needed for each lesson. Additional resources are also provided. (http://archives.lessoncorner.com/e4defd9f8135458f3.pdf)

[bookmark: _Toc327249439][bookmark: _Toc453602482]Projects and extension activities

1. A research project dealing with NASA’s technologies: Students could be assigned to research and report about the technologies that NASA is developing and compare them to those in the movie The Martian. Some of the technologies the students could research and compare to the movie might include: developing the habitat, growing plants in space, recovering water, generating oxygen and creating land rovers, to name a few. An article that could be used to initiate the research can be found at https://www.nasa.gov/feature/nine-real-nasa-technologies-in-the-martian.
2. Scientific analysis of a science fiction movie: Students could be assigned to watch a science fiction movie to identify the science presented in the movie. They would then research and report on the validity and feasibility of the science presented in the movie. Some movies that could be used for this include 2001: A Space Odyssey, Apollo 13, The Right Stuff, Andromeda Strain, and the Star Wars movies.
3. A home experiment to compare fertilizers: At home, students could perform an experiment to determine whether inorganic or organic fertilizers are most effective for growing plants. A description of such a project can be found at https://www.education.com/science-fair/article/plant-grow-chemical-organic-no-fertilizer/.
4. Debate on the use of fertilizers: The use of various types of fertilizers can be controversial. Students could spend time researching the pros and cons of various types of fertilizers. The debate could center over whether organic (manure) or inorganic (synthetic) fertilizers are better.

[bookmark: _Toc478389338]References (non-Web-based information sources)The references below can be found on the ChemMatters 30-year DVD, which includes all articles 
published from the magazine’s inception in October 1983 through April 2013; all available Teacher’s Guides, beginning February 1990; and 12 ChemMatters videos.  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 “Teacher’s Guide” tab to the left, directly under the “ChemMatters Online" logo and, on the new page, click on “Get the past 30 Years of ChemMatters on DVD!” (the icon on the right of the screen).

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. Click on the “Issues” tab just below the logo, “ChemMatters Online”.
30 Years of ChemMatters !
Available Now!


[bookmark: _Toc212568425]The article “Life on Mars” describes the purpose and the experiments performed by the Viking 1 and Viking 2 spacecraft that landed on Mars in 1976. One of the purposes of the landers was to determine if there was life on Mars. The experiments describe the theory behind them, what they detected and the analysis of the results. (Scott, D. Life on Mars. ChemMatters, 1994, 12 (4), pp 10–13)

The exploration of Mars by the Pathfinder spacecraft and its robotic rover, Sojourner, are described in this article. The soil of Mars was examined, and it was determined that it has many similarities to the soil on Earth. The article explains the methods used to analyze the Martian soil and rocks. (Stone, C. Clues from a Far Planet. ChemMatters, 1998, 16 (2), pp 7–9.)

This article describes the purpose of the Mars Science Laboratory that was sent to Mars in 2010. The purpose of this mission was to search for carbon. In the article, the various methods to detect carbon are explained. (Bleacher, L. Follow the Carbon. Follow the What? ChemMatters, 2008, 26 (1) pp 16–19.)

The importance of nitrogen in fertilizer is described in this article. It includes a good explanation of the nitrogen cycle. The use of manure and some advantages of organic farming are described. The hazards of excess nitrogen in the environment is also explored. (Nolte, B. Nitrogen From Fertilizers: Too Much of a Good Thing. ChemMatters, 28 (2), pp 5–7.)

The Teacher’s Guide for the April 2010 ChemMatters fertilizer article above provides more information on nitrogen, its compounds and its pollution. It also contains the sources for a nitrogen cycle activity as well as a simulation on the nitrogen cycle.

[bookmark: _Toc478389339]Web Sites for Additional Information (Web-based information sources)

Mars

	This NASA site has a graphic comparison of Mars and Earth. (http://mars.nasa.gov/allaboutmars/facts/#infographic)

	This is a short article produced by National Geographic and NASA about Mars, its water and its landscape. In addition, there are nice graphics of Mars, its moons and its relationship to our solar system. (http://science.nationalgeographic.com/science/space/solar-system/mars-article/)

	At this site you will find a more detailed article about Mars. It includes information about the size, orbit, composition, moons, atmosphere and climate of Mars. There are also several imbedded videos in the article dealing with Mars. (http://www.universetoday.com/14701/mars/)

	Another extensive article about Mars, it composition, atmosphere, and climate can be found at http://www.space.com/47-mars-the-red-planet-fourth-planet-from-the-sun.html.

Plant growth and nutrients

	The basic needs of plants are briefly discussed at this site: http://www.aces.uiuc.edu/vista/html_pubs/hydro/require.html.

	This is an extensive article about the nutrient requirements for plants. It provides information on the role each nutrient plays. (http://www.ncagr.gov/agronomi/pdffiles/essnutr.pdf)

	More information about plant nutrients can be found at this site. The information at this site is a little more concise and given in a bulleted format. (http://www.ncagr.gov/cyber/kidswrld/plant/nutrient.htm)

	This article provides a comparison between inorganic and organic fertilizer. It provides the comparison in a chart, as well as providing a discussion on the history, cost, and supply of nutrients. (http://www.diffen.com/difference/Chemical_Fertilizer_vs_Organic_Fertilizer)

	At this site, a graphic comparison of organic and inorganic fertilizers can be found. (http://www.majordifferences.com/2013/10/difference-between-organic-manures-and.html#.WK3oNzsrJPZ)

Photosynthesis

	A basic explanation of photosynthesis is given at this site. It includes a discussion of the cellular components essential for photosynthesis, as well as the photosynthetic process. (http://www.livescience.com/51720-photosynthesis.html)

	This article on photosynthesis includes illustrations that help in the understanding of the process. (http://www.nature.com/scitable/topicpage/photosynthetic-cells-14025371)

	A study guide on photosynthesis for students can be found at this site. It provides a review of the processes involved, study questions, and a photosynthesis quiz. (http://chemistry.about.com/od/lecturenotesl3/a/photosynthesis.htm)

	The Khan tutorial on the introduction of photosynthesis can be found at this site. The explanation of photosynthesis includes graphics to aid in student understanding. More tutorials on the specific processes involved in photosynthesis can be accessed from this site as well. (https://www.khanacademy.org/science/biology/photosynthesis-in-plants/introduction-to-stages-of-photosynthesis/a/intro-to-photosynthesis)

Oxygen generation in space

	This short NASA article discusses the Mars Oxygen ISRU Experiment (MOXIE), which will be on the Mars Rover in 2020 and will make oxygen from carbon dioxide. It includes a schematic of how it will work. (http://mars.nasa.gov/mars2020/mission/instruments/moxie/for-scientists/)

	This article explains the scientific process that MOXIE will use to generate oxygen on Mars. (http://ssed.gsfc.nasa.gov/IPM/PDF/1134.pdf)

	A technical paper on the production of oxygen using solid oxide electrolysis is found at this site. It explains the process as well as the experimentation that has occurred to test the process. (http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.194.6749&rep=rep1&type=pdf)

	At this site, the production of oxygen on the International Space Station is discussed and explained. (http://science.howstuffworks.com/oxygen-made-aboard-spacecraft.htm)

Hydrazine

	At this site, information on hydrazine, as well as sources for the information, can be found: https://pubchem.ncbi.nlm.nih.gov/compound/hydrazine#section=Synonyms.

	A discussion of the hydrazine and its uses can be found at https://eic.rsc.org/magnificent-molecules/hydrazine/2000023.article.

	This article on hydrazine provides a little information on how it is produced and some of its uses. The uses described include: as a reducing agent, as a precursor for organic synthesis and blowing agents, and as a rocket thruster fuel. (http://www.chm.bris.ac.uk/motm/hydrazine/hydrazineh.htm)



[bookmark: _Toc478389340]Recycling Plastic Bags
[bookmark: _Toc212568428][bookmark: _Toc478389341]Background Information (teacher information)

History of plastic grocery bags

	Polyethylene’s discovery was serendipitous! In 1933, R. O. Gibson and E. W. Fawcett were autoclaving a mixture of ethylene and benzaldehyde in their research laboratory at the Imperial Chemical Industries (Great Britain). A leak caused pressure loss in the container and, to their amazement, a white, waxy solid appeared! Later their studies revealed that the loss of pressure was due to polymerization, not the leak. Patents were issued for this process in 1936. (https://www.globalplasticsheeting.com/our-blog-resource-library/bid/23095/The-History-of-Polyethylene)Polyethylene, (C2H4)n

(https://www.globalplasticsheeting.com/our-blog-resource-library/bid/23095/The-History-of-Polyethylene)


	High density polyethylene (HDPE) was produced in 1953 by Karl Ziegler of the Kaiser Wilhelm Institute in Germany. Ziegler continued his investigations and received the 1963 Nobel Prize for Chemistry for his work on multi-membered ring systems. HDPE was first used for piping. Today, much water and waste material runs through HDPE pipes.

	In the 1950s, records show various patent applications for technologies designed to produce plastic grocery bags. Unlike bags today, the first were constructed as composites that required a secondary process to attach the separate handles.Early PE grocery bags (1950s) with separate handles sewn in at the top

(http://www.papermart.com/Images/Item/jpg_giftbag/77040-index-matte-loop-handle-bag.jpg?rnd=1)


	In the early 1960s, Swedish engineer Sten Gustaf Thulin was credited with designing a method to produce a simple, strong bag that could be cut from a flat tube of plastic. This type of grocery sack was later known as the “T-shirt” style.) Thulin’s process was patented worldwide in 1962 by Celloplast, a Swedish packaging company (see photo of new bag on next page). The invention claimed to “revolutionize” grocery shopping, because the capacity of these plastic bags far exceeded that of paper grocery sacks. (http://www.oxfordcollege.ac/news/environmental-studies-the-common-plastic-bag/)

	With worldwide patents for their technology, Celloplast quickly built manufacturing plants in Europe and the U.S., monopolizing the grocery bag industry until 1977. At this time, the petroleum giant Mobil overturned Celloplast’s U.S. patents and our manufacturers took over the plastic grocery bag market. Relevant information is “selected” from the eBook, “Fifty Bags That Changed the World: Design Museum Fifty”.(https://books.google.com/books?id=10MYAwAAQBAJ&pg=PT43&lpg=PT43&dq=How+did+Mobil+overturn+Celloplast's+US+patent+for+grocery+bags+in+1977?&source=bl&ots=oH5Scesdj5&sig=IzOJkobQBcsANDSSoXNxw0fmTxc&hl=en&sa=X&ved=0ahUKEwjVqNbqq8rRAhUQ6mMKHZP_BFsQ6AEIITAB#v=onepage&q=How%20did%20Mobil%20overturn%20Celloplast's%20US%20patent%20for%20grocery%20bags%20in%201977%3F&f=false)
Modern style of grocery sack 
(“T-shirt” style, by Celloplast)

(http://www.theatlantic.com/technology/archive/2014/10/how-the-plastic-bag-became-so-popular/381065/)



[image: self opening bag patent]	In 1982, Mobil’s single-use plastic bags were introduced to U.S. supermarkets by grocery giants Kroger and Safeway as “the stronger, lighter and less bulky alternative” to paper bags. Advertised as a more convenient design with handles on each side, they quickly came into full production in the U.S. By 1996, U.S. customers chose plastic four out of five times over paper for their groceries. (https://www.plastech.biz/forum-plastech/About-Plastic-Grocery-Bags-7546)

	In 1992, Sonoco Products Company was awarded a U.S. patent for a “Self-opening polyethylene bag stack”. This invention (seen at right) is a great time-saver. It allows the checker or customer at a self-checkout counter to simply pull one plastic bag from a stack mounted on a holder. When pulled off the stack, the bag self-opens and is immediately ready to be loaded with groceries or other purchases. (http://www.google.ch/patents/US5562580)


The self-opening polyethylene bag stack

(http://www.google.ch/patents/US5562580)

History of polymer discovery

	The Age of Polymers is credited to Leo Hendrick Baekeland, the Belgian-born American inventor and chemist who produced bakelite from phenol and formaldehyde in 1907. This was the world’s first synthetic thermoset plastic. Once molded it would retain its shape through heating and exposure to many solvents. Bakelite had many uses, such as telephone casings, kitchenware, jewelry and nonconducting insulators. (http://www.innovateus.net/content/bakelite)

	Before the 1920s, chemists thought that the molecular weight of a molecule could not exceed 5000 grams and its size could not exceed that of a unit cell. (Note: A unit cell is defined as the smallest group of particles that repeats itself in the pattern of a solid.)

	In 1920 Hermann Staudinger, an organic chemistry professor in Zurich, was studying natural rubber. His research data questioned the assumption of limits on the size and weight of molecules. While earlier chemists had found high molecular weights, they surmised that their values were due to measuring the mass of many small molecules bound together in colloid suspensions. Staudinger proposed the existence of heavy macromolecules consisting of 10,000 or more atoms. Moreover, he postulated that these macromolecules were composed of small molecules linked together by covalent bonds. He called these polymers; poly indicates “many” and mers means “parts”. Professor Staudinger received the 1953 Nobel Prize in Chemistry for his discoveries in the field of macromolecular chemistry.

	Staudinger’s paper on his natural rubber research cited two reasons to justify the existence of compounds (polymers) with high molecular weights. First, those who questioned the existence of these compounds attributed the mass of natural rubber to collections of small double bonded molecules tied together into molecular collections by their “partial valences”. Staudinger suggested that if this was true, hydrogenation would remove the double bonds and the aggregates of small molecules would break into pieces. (Note: Hydrogenation means saturated with respect to hydrogen, meaning that each carbon in the hydrocarbon molecule is bonded to as many hydrogen atoms as possible forming singular carbon-carbon bonds.) Staudinger’s experiments showed that when hydrogenated, rubber does not break apart. Rubber has a high molecular weight whether or not it is hydrogenated. (https://www.acs.org/content/acs/en/education/whatischemistry/landmarks/staudingerpolymerscience.html)

	To further confront those who disbelieved the existence of polymers, Staudinger measured the viscosity of rubber to confirm that it did not change during chemical modification of the polymer. The following is an excerpt from the original abstract of Staudinger’s paper published in Transactions of the Faraday Society:
[image: Viscosity investigations for the examination of the constitution of natural products of high molecular weight and of rubber and cellulose]

(http://pubs.rsc.org/en/Content/ArticleLanding/TF/1933/TF9332900018#!divAbstract)

	Staudinger’s primary polymer research was on natural rubber, a polymer composed of isoprene (2-methyl-1,3-butadiene) monomers. The structural formulas pictured below show two chains of isoprene; each chain contains two units. When the chains are vulcanized, sulfur (S) is added to form a cross link between the isoprene chains. This increases the durability of the rubber. (Cross linking is responsible for the low density in one form of polyethylene. See further explanation in this Teacher’s Guide.)The isoprene monomer, polymerization and vulcanization of rubber

(http://chemistry.elmhurst.edu/vchembook/403rubber.html)




Chemistry of polyethylene
	Polyethylene is a hydrocarbon molecule derived from hydrogen- and carbon-containing molecules of ethene. The polymer consists of long chains of single-covalently-bonded carbon atoms, where each carbon is also covalently bonded to two hydrogen atoms. Each terminal carbon has three attached hydrogen atoms so the molecule is said to be saturated with hydrogen. As shown in the “Recycling Plastic Bags” article by De Antonis, this simple form of polyethylene is formed by ethene molecules linked together by single covalent bonds between the carbon atoms. Three primary forms of polyethylene are used for plastic bags: high density (HDPE), low density (LDPE), and linear low density (LLDPE).
	Physical characteristics of the polyethylene forms differ, due to the arrangement of atoms in their monomers. Their structure affects tensile strength (resistance to breaking under stress) and crystallinity (orderly structure within their atoms). In addition, manufacturing processes differ for different structural arrangements. HDPE and LLDPE can be produced by the Ziegler-Natta vinyl polymerization method; LDPE is formed by free-radical polymerization. (http://pubs.acs.org/cen/whatstuff/stuff/8238plasticbags.html)

	High density polyethylene (HDPE)

	The almost branch-free carbon chains in HDPE lie linearly and pack tightly together, due to their orderly crystalline structure, and the strength of their intermolecular forces (IMFs). This close packing gives a high density of approximately 0.940-0.965 g cm–3. The closeness of chains promotes strong IMFs. Thus, the tensile strength, and chemical and heat resistance of HDPE are greater than that found in other polyethylene forms. The melting point is also higher, approximately 120–130 oC. This form is a good choice for grocery bags, milk jugs, gas and water pipes, car parts, and food containers.

In the illustration below, HDPE is pictured in three ways:
1. The organic shorthand “linear” that is shown as a wavy line to depict nonlinear bond angles between the atoms (even though this is considered a linear structure of single bonded carbons covalently bonded in a continuous line).
2. The “molecular structure”, a ball and stick diagram, showing approximate bond angles.
3. The symbolic “chemical structure” where brackets indicate that there can be any number of CH2 units in the molecule.

High density polyethylene (HDPE)

(https://www.britannica.com/science/high-density-polyethylene)


Low density polyethylene (LDPE)

	 As the name implies, the density of LDPE (< 0.930 g cm–3) is less than that of HDPE. This is caused by the atomic rearrangement of branching. When a structural isomer of the monomer is not a linear chain, the resulting polymer will contain one or more branches. These branches prevent (physically interfere with) a close-packing of the polymer chains, decreasing the IMFs between chains and the density. The weaker IMFs explain the lower melting point of approximately 110 oC and the softer, more flexible, but weaker properties of the branched polymer. LDPE is used for thin clothes bags from dry cleaners, food packaging films and electrical cable insulation. (http://www.essentialchemicalindustry.org/polymers/polyethene.html)

	The illustration below shows branched polyethylene with an ethane group (two carbons) and a propane group (three carbons) attached to the linear chain. The presence of these branches prevents close packing of molecules, decreasing the polymer’s density.

[image: Figure 1: Three common polymer structures. The linear, branched, and network architectures are represented (from top), respectively, by high-density polyethylene (HDPE), low-density polyethylene (LDPE), and phenol formaldehyde (PF). The chemical structure and molecular structure of highlighted regions are also shown.]

Low density polyethylene (LDPE)

(https://www.britannica.com/science/high-density-polyethylene)

	Linear low density polyethylene (LLDPE)

	The density of LLDPE is approximately 0.915–0.940 g cm–3. Although it is composed of linear polyethylene chains, each has many small branches that prevent strong IMFs between the polymer chains. Both the chains and branches of LLDPE are shorter than those of LDPE. These shorter branches increase the ability of molecular chains to slide back and forth against each other without getting tangled. This produces a strong, impact resistant polymer. LLDPE is used for very thin crack resistant film such as plastic and stretch wraps and also for thick, glossy shopping bags. (http://www.essentialchemicalindustry.org/polymers/polyethene.html)

	The table below summarizes the industrial processes used to manufacture products from the three major forms of PE, with examples of the general type of product that results from each process. Note that, while some of the products are similar, those from HDPE are firmer, solid structures, while LDPE (with weaker IMFs, as explained above) is used to create more flexible products, like squeezable bottles.

	A comparison of the uses for the various types of polyethylene

	Process
	HDPE
	LDPE
	LLDPE

	Making film
	Food packaging
Shopping bags
	Cling film
Milk carton lining
	Stretch film

	*Injection
    molding
	Dustbins
Crates
	Buckets
Bowls
	Food boxes

	**Blow molding
	Detergent bottles
Drums
	Squeezable bottles
	

	***Extrusion
	Water pipes
	Flexible water pipes
Cable jacketing
	Cable coating



(http://www.essentialchemicalindustry.org/polymers/polyethene.html)
*Injection molding produces a part that is solid, such as a reusable coffee cup.
**Blow molding produces hollow parts, such as water bottles.
(http://moldedparts.com/2015/04/difference-between-injection-molding-and-blow-molding/)
***Extrusion machines force polyethylene through a die to make hoses, drinking straws and pipes. (http://www.extrusionscrews.com/ExtrusionMoluding.php)

Chemistry of polyethylene production

	Ethene (or ethylene) is produced by steam cracking hydrocarbons such as ethane, propane, naphtha, and gas oil. In addition, a Brazilian plant obtains ethene from sugar cane bioethanol. Production methods for the forms of polyethylene differ. Yet, many industrial plants are able to produce various forms of polyethylene and even switch production from one form to another on short notice.Cracking of ethane

(http://education.afpm.org/petrochemicals/what-is-a-cracker-and-why-should-i-care/)


	Unlike crude oil, ethane (gasous at room temperature) 
is difficult and expensive to ship. The IMFs between ethane molecules are very weak, thus its boiling point is very low, 
–89 oC. Therefore it is gaseous at room temperatures. This creates safety concerns for shipping due to its flammability. Therefore, U.S. steam cracking facilities are usually located 
near supplies (oil refineries and shale oil deposits).

Converting a single bond to a double bond between two carbon atoms requires a great deal of energy. Ethane crackers are fed a mixture of ethane with a little propane and heated to 816 oC. At this temperature, the single bond is weakened and two hydrogen atoms are released to form a stronger H-H bond, the H2 molecule. This process is shown in the three illustrations at right. Lacking two hydrogen atoms, the new molecule is stabilized with a double covalent bond between the carbon atoms. The new ethene (ethylene) molecules are cooled below their boiling point, then distilled from the mixture with other hydrocarbons. This process yields about 80% ethene that can be polymerized to form plastic bags. (http://education.afpm.org/petrochemicals/what-is-a-cracker-and-why-should-i-care/)



Ethane to ethene

	As described above, the traditional steam cracking method to produce ethene by removing hydrogen atoms (dehydrogenation) from ethane molecules requires extremely high temperatures, a very expensive process. Estimations suggest that approximately 70% of the cost of ethylene production comes from the traditional steam cracking process. To reduce this cost, researchers have been working with catalytic production methods that reduce the high cracking temperature requirements.

	To accomplish this, scientists are using oxidative dehydrogenation production procedures. Auto-thermal oxidative dehydrogenation (ODH) is a catalytic procedure that successfully converts ethane to ethylene at only 300 oC, suggesting an energy/cost saving alternative to steam cracking. In the experiment below, several oxidized nickel based catalysts were used. A general catalyst formula is Ni-Me-O where Me represents a metal as shown below. The graph shows the selectivity of ethylene to the various catalysts as a function of the amount of ethane converted to ethylene. Note that, in the study, the titanium (Ti) and tungsten (W) catalysts exhibited the highest selectivity to ethylene. (https://www.researchgate.net/figure/259996696_fig10_Fig-10-Selectivity-to-ethylene-as-a-function-of-ethane-conversion-obtained-over-nickel)

[image: Fig. 10. Selectivity to ethylene as a function of ethane conversion, obtained over nickel oxide-based catalysts in ethane ODH performed in the presence of 10% O 2 and 10% O 2 at 330 ◦ C. 
                ]

(https://www.researchgate.net/figure/259996696_fig10_Fig-10-Selectivity-to-ethylene-as-a-function-of-ethane-conversion-obtained-over-nickel)

	As shown by the chemical reaction in the De Antonis article, hydrogen gas is the by-product of dehydrogenation. Researchers recognized the need to remove the hydrogen for safety and to improve production by favoring ethylene (according to Le Châtelier’s Principle), the major product. In the ODH process, oxygen gas and ethane are simultaneously fed into a converter in the presence of a Ni-Me-O catalyst. The addition of oxygen to the reaction (oxidative dehydrogenation) not only oxidizes the hydrogen to less active water, but it re-oxidizes the oxygen-deprived catalyst. Research continues to investigate procedures to reduce the greenhouse gases of CO2 and NOx emitted during refining processes. (http://onlinelibrary.wiley.com/doi/10.1002/ente.201600074/full)

	While steam cracking remains the major industrial process for producing ethylene, the procedure is very costly. The reaction is highly endothermic, so a large amount of fuel is needed to maintain cracker temperatures at 700–1000 oC. Initially, a large capital outlay is required for construction and then for continued maintenance of the huge furnaces. Also, to obtain a high yield, the pressure must be kept as low as possible. This requires diluting the steam as needed.

	Alternatively, there are several important advantages to using ODH procedures. The capital investment is less, machinery is more compact, and less energy is required because it operates at lower temperatures. Some of this work is still in the experimental design stage using bench scale units. Scientists are working to perfect reactor design and determine the best catalysts, ones that are stable, long lasting and result in a high selectivity for ethylene. (http://about.elsevier.com/pdf/chemeng-vsi/52_Basini.pdf and http://www.google.com/patents/US20100256432)

	Production of HDPE and LLDPE

	Both production methods described below are addition reactions (ethene monomers are added to form polyethylene polymers). Manufacturing a mixture of LDPE branched polymers is relatively easy because this can be done under very high pressures and temperatures. However, until the 1950s, scientists were unable to produce unbranched polymer chains. Extreme temperatures and pressures would not yield a highly crystallized unbranched form of polyethylene. Scientists Karl Ziegler and Giulio Natta independently searched for a catalyst that would work at the lower temperatures and pressures needed to reduce the possibility of branching.

	The Ziegler-Natta catalyst will produce HDPE at approximately 50–75 oC and a pressure slightly above atmospheric. This process employs a titanium chloride catalyst, TiCl3 or TiCl4 with an aluminum co-catalyst, Al(C2H5)2Cl (IUPAC name: chlorodiethylalumane). Below are diagrams to illustrate the mechanism involved in this catalysis. Propylene is the feedstock hydrocarbon.

	In the chemical equation below, titanium has two empty orbitals represented by empty boxes. The aluminum co-catalyst will donate one of its ethyl groups to fill one empty orbital. The fuzzy lines represent coordination between the catalysts (π bonding), not covalent bonds.


	Coordination polymerization
[image: http://pslc.ws/macrog/images/ziegle08.gif]
Titanium chloride	Aluminum co-catalyst	Coordination complex

(http://pslc.ws/macrog/ziegler.htm)

	When propylene is introduced, the two electrons in its π orbital fill the remaining empty titanium orbital, breaking the double bond in the propylene. The red arrows show electrons shifting positions. With a bit of molecular as well as electron rearrangement, the beginning of HDPE can be seen in blue.
[image: http://pslc.ws/macrog/images/ziegle07.gif]
(http://pslc.ws/macrog/ziegler.htm)

[bookmark: pol]	When another propylene molecule is introduced, the polymerization continues as seen by the lengthening blue carbon chain below.
[image: http://pslc.ws/macrog/images/ziegle10.gif]
(http://pslc.ws/macrog/ziegler.htm)

	A vanadium catalyst (VCl4) with the same aluminum co-catalyst works basically the same way (although it has only one empty orbital). (http://pslc.ws/macrog/ziegler.htm)

	In 1964, Philips Petroleum researchers sought to improve on the Ziegler-Natta process that required removal of the very active catalyst during the extraction process. The Phillips process required a temperature of approximately 300 oC, and standard pressure. To avoid the necessity of removing the Ziegler-Natta catalyst, the Phillips catalyst was bound to the large surface area of a silica gel. Here it remained in place during the complete manufacturing process. The catalyst is chromium trioxide, CrO3. Today, approximately half of the world’s HDPE is produced by the Phillips process.

	Hexavalent chromium (as in the CrO3 catalyst, also called chromium-6) is an excellent anticorrosion agent when electroplated onto metal parts as a protective surface coating. Unfortunately, it is also a proven carcinogen, particularly when inhaled where it causes lung irritation leading to lung cancer. As of September 21, 2017, the use of hexavalent chromium will be banned in the European Union (EU), except for some military uses. Bans are also being considered in many other countries. (http://nomorehex.org/LEGISLATION/EU-MANDATE)

	The U.S. federal government has a “suggested limit” of 100 parts per billion (ppb) in drinking water; the state of California’s has a “set limit” of 10 ppb with a suggested health limit of .02 ppb. The “Erin Brockovich” movie presented a chromium-6 contamination of 18.8 ppm by the Pacific Gas and Electric Company in Hinkley, California. Wells in the California city of Banning (100 miles from Hinkley) now exceed the California limit. But in this case, the source is natural. Chromium-6 seeps into water supplies from minerals in local rock formations. Water filtration and reverse osmosis procedures to remove this carcinogen are extremely expensive. (http://www.pe.com/articles/water-776921-chromium-wells.html)

	Worldwide replacement of chromium catalysts is becoming increasingly important. Fortunately, current improvements in polymer production focus on a metallocene, such as a metallocene/methylaluminoxane (MAO) as the catalyst for addition polymerization. A metallocene is a compound composed of two cyclopentadienyl anions, (C5H5)–. The anions bind to the central metal “M” that has a +2 oxidation state, M2+, to form the compound, M(C5H5)2. These new catalysts have very well defined structures that allow for the specificity needed for HDPE polymer production. (http://repository.um.edu.my/93175/1/materials-07-05069.pdf)

	Illustrations below show the generic version (on the left) and the specific structure of metallocene when M = Fe (the iron cation) in the middle. Shown on the right: “Cyclopenta-” means a five carbon ring; “–diene” means that the ring contains two double bonds. As seen on the left and middle, two cyclopentadienyl anions “sandwich” the metal cation.


Metallocene

(https://en.wikipedia.org/wiki/Metallocene)
Ferrocene

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

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


Since M represents any suitable metal, the mechanism below uses a metallocene containing zirconium (M = Zr, zirconium), and the illustration shows the “metal pancake” at work, breaking the double bond in propylene and rearranging the complex to begin a chain of single bonded carbons (in blue). The pink arrows show shifting electrons during the bond breaking. The catalyst continues to break double bonds and adds more carbon atoms to the HDPE chain.(http://www.pslc.ws/macrog/mcene.htm)
The mechanism of a metallocene catalyst producing polypropylene from the propylene monomer.

(http://www.pslc.ws/macrog/mcene.htm)


	As shown in the processes above, pure ethene or propene are the monomers of HDPE. If the production target is LLDPE, pure ethene is mixed with a small amount of another alkene such as but-1-ene, hex-1-ene, or oct-1-ene. The -1-ene means that one double bond is located between the first and second carbons.


	Production of LDPE

	A free-radical polymerization process is used to produce branched polyethylenes. This process requires an “initiator molecule”, an organic peroxide that supplies oxygen, such as benzoyl peroxide.

	The initiator, a benzoyl peroxide molecule, breaks down into two free radicals (note the dots that represent unpaired oxygen atoms on the free radical products below). 
[image: http://pslc.ws/macrog/images/radica02.gif]
	Benzoyl peroxide molecule	Free radicals

(http://pslc.ws/macrog/radical.htm)

[image: http://pslc.ws/macrog/images/radica04.gif]	At right: To gain an electron, the benzene free radical attacks the double bond of ethene by grabbing an electron. This produces a free radical with single bonded carbon atoms. In its quest for electrons, the free radical continues to attack more ethene molecules causing more additions to the single bonded polyethylene chain. The chain will terminate at the point when two radicals join together.(http://pslc.ws/macrog/radical.htm)


	Polyethylene polymer chain forming

	(http://pslc.ws/macrog/radical.htm)

	This process requires a temperature of 420–570 K and pressures between 1000 and 3000 atmospheres. As seen in the chemical equation below, the reaction is exothermic.


Note: The superscripted theta symbol following the ΔH (enthalpy for the reaction) indicates that this is a “state function”, meaning that it has been carried out under standard conditions. This is often written as ΔHfo.) (http://www.essentialchemicalindustry.org/polymers/polyethene.html)

Other plastics

	All plastics are polymers, and the triangle codes for recyclable plastics indicate the type of resin used in their manufacture. Chasing-arrow symbols are mentioned in the De Antonis article. The ASTM International Resin Identification Coding System (RIC) was developed in 1988 by the American Society for Testing and Materials (ASTM). In 2001 ASTM became an international organization. With a membership of 140 countries, ASTM International is the standards organization that produces technical standards for many products and materials.

	In June 2013, the chasing-arrows were replaced by solid triangles because people often erroneously connected the numbers with recycling. To avoid consumer confusion, ASTM released a statement regarding the new symbol designation “… helps bring focus back to the system’s core mission: resin identification and quality control prior to recycling.” (http://www.plasticsnews.com/article/20130611/NEWS/130619978/say-so-long-to-recycling-code-arrows)

		June 2013 ASTM Resin Identification Codes

	Some Common Uses

	Soft drink, water, shampoo, cooking oil and mouthwash bottles
Peanut butter jars

	Milk, water and juice jugs
Detergent bottles
Yogurt and margarine tubs
Grocery bags

	Clear food packaging
Shampoo bottles
Water pipes
Electrical Insulation

	Bread bags
Frozen food bags
Squeezable bottles (mustard, honey)

	Ketchup bottles
Yogurt and margarine tubs
Drinking straws
Battery cases

	Meat trays
Egg cartons
Cups and plates
Spoons, knives forks

	Everything else!
Ketchup containers
3 and 5 gallon water bottles
Some juice bottles, etc.




(http://www.plasticsnews.com/article/20130611/NEWS/130619978/say-so-long-to-recycling-code-arrows)

Source for last column: (https://www.containerandpackaging.com/blog/2009/06/what-are-the-7-main-plastic-resin-types/)


Polymer chemistry, by resin numbers

	The seven resin code numbers are listed below, along with the monomer structure and some basic chemical properties for each. Common uses for each resin (based on their characteristic properties) are listed in the table above.

Resin #1: Polyethylene terephthalate

The hardness, stiffness, and strength characteristics of the polyethylene terephthalate (PETE or PET) polymer make it a good choice for soda bottles. PET is a polyester, made of ester linkages between the ethylene terephthalate monomers. (In the diagrams below, the ester linkage of the terephthalate is shown on the left, and the ethylene group is on the right.)

Polyethylene terephthalate (PET)
IUPAC: Poly(ethyl benzene-1,4-dicarboxylate)
(http://www.ptonline.com/columns/pbt-and-pet-polyester-the-difference-crystallinity-makes)
Ethylene terephthalate monomer

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


Resin #2: High density polyethylene

High density polyethylene (HDPE) was discussed in the polyethylene section (above) of this Teacher’s Guide. The ethene monomer and the linear and structural molecular formulas are shown below:

High density polyethylene (HDPE)

(https://www.britannica.com/science/high-density-polyethylene)
Ethene monomer

(http://www.chm.bris.ac.uk/motm/ethene/ethene.gif)


Resin #3: Polyvinylchloride (PVC):

Polyvinylchloride (PVC) is a strong, rigid solid. The monomer shown on the left below has a chloride (Cl) atom bonded to only one carbon atom. The illustration on the right shows that when chloroethene polymerizes, every other (alternating) carbon atom on the chain is bonded to a Cl atom.

The illustration below is two dimensional showing all the chlorine atoms on one side. Since the PVC backbone is composed of single carbon to carbon bonds, individual chlorine atoms can frequently rotate to positions forward, above or behind the backbone shown in the image. This spatial arrangement is called tacticity (further discussion of tacticity is given below this section of the Teacher’s Guide). The flexibility of the PVC chain leads to arrangements where chlorine atoms alternate between sides on the backbone, leading to IMF attraction between polymer chains. This packing creates a polymer that is somewhat crystalline. (http://www.informit.com/articles/article.aspx?p=2235827&seqNum=2)


Chloroethene monomer

(https://en.wikipedia.org/wiki/Vinyl_chloride)
Polyvinylchloride, IUPAC: Poly(1-chloroethene)

(https://www.britannica.com/science/polyvinyl-chloride)


Resin #4: Low density polyethylene (LDPE)

Low density polyethylene (LDPE) was discussed in the polyethylene section (above) in this Teacher’s Guide. LDPE has the same ethene monomer as HDPE. This resin is composed of branched polyethylene. The branches prevent the linear carbon chains from packing closely, so the density is less than that of HDPE. The monomer is shown below.

Ethene monomer

(http://www.chm.bris.ac.uk/motm/ethene/ethene.gif)
Low density polyethylene

(https://media1.britannica.com/eb-media/67/1667-004-3A9A7896.jpg)



Resin #5: Polypropylene (PP)

Propylene, the monomer for polypropylene (PP), is shown at right. In addition to its production from fossil fuels, propylene is a by-product of natural vegetative fermentation. Note that one methyl group replaces a hydrogen atom on the three-carbon hydrocarbon monomer. PP displays many properties similar to PE, but the methyl group increases steric hindrance, making the polymer chains less flexible, and reducing the IMFs between them. Therefore, the melting point is lower, and the molecules are more susceptible to oxidation.Propylene monomer (IUPAC: Propene)

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


PP can be prepared in all three tactic (spatial) forms by changing the conditions of polymerization. See more on tacticity in the section below “Resin 7”. The major commercial form, isotactic, is prepared at low temperatures and pressures using Ziegler-Natta catalysts. Syndiotactic PP is produced using a metallocene catalyst. This form has low crystallinity and a lower melting point (130 oC) than the isotactic form (160 oC), becomes brittle at 0 oC and, in the past, seemed to have little value. However scientists have found that it can be rolled into sheets that serve as excellent power insulators. And since this form does not cross-link, it is recyclable. The atactic form is sticky, lacks definite structure and has little commercial value. (http://www.informit.com/articles/article.aspx?p=2235827&seqNum=2)

	The spatial arrangement of each tactic form of PP is shown below with a brief description of the physical characteristics in the column on the right.


In the isotactic form the methyl groups line up on one side of the polymer to form a hard, strong solid.



In the syndiotactic form the arrangement of methyl groups is also regular. So it forms a crystalline structure.




The methyl groups are randomly attached in the atactic form. Thus, it cannot crystallize leaving the solid soft and elastic like rubber.


(http://www.essentialchemicalindustry.org/polymers/polypropene.html)

Resin #6: Polystyrene (PS)

[image: PS Mono-Poly]	Styrene (C8H8), shown on the left in the image below, is the precursor monomer for polystyrene. The IUPAC name for styrene is ethylbenzene. The repeat unit, derived from the styrene monomer, is shown in the center, and one of the conformational forms of the polymer is shown at right.

Polystyrene—its monomer, repeat unit and polymeric forms

(http://www.chemtube3d.com/polymer/images/polystyrene.gif)

Polystyrene (PS) is a hard, rigid, clear, solid polymer that is soluble in organic solvents. PS can be softened and molded when heated. During heating, the strong IMFs between the long PS chains are weakened, so the attached phenyl groups can more easily rotate around the single bonds between the backbone carbons. As the geometric arrangement (conformation) changes, the chains can slide past each other. Although the IMFs are considered strong, they are much weaker than the covalent bonds holding the background carbon chains intact. As the temperature increases, the relaxation of the IMFs increases the chain flexibility.

	Similar to the ordered, syndiotactic form for PP, above, in the syndiotactic spatial form of PS (on the left of the diagram on the next page), the benzene rings are ordered, and strong IMFs hold chains tightly to each other, to form nicely packed crystalline structures. (Note that additional information on tacticity follows in the next section of this Teacher’s Guide.) This regularly arranged crystalline structure (syndiotactic) is resistant to moisture, chemical corrosion, and heat. Its electrical stability leads to its use as electronic components for hybrid vehicles. (http://www.idemitsu.com/products/petrochemicals/engineering/polystyrene.html)

	Preparation of the syndiotactic form involves stereospecific metallocene catalysis performed at lower temperatures. There, size of the alternating phenyl rings causes strong steric hindrance (repulsion) that prevents rotation about the single covalent carbon-carbon bonds on the backbone of the polymer. This increases the rigidity of the polymer. Thin transparent films of syndiotactic PS are used as “windows” in envelopes and packages of bacon. (http://polymerdatabase.com/polymer%20physics/Tacticity.html)

	Atactic PS (in the center of the diagram below) is the most commonly used spatial form often referred to as “General Purpose” PS. The random nature of this irregular, amorphous form produces a highly transparent material. It is clear, hard, brittle—and cheap. These characteristics, especially transparency, lead to many medical applications.

	Catalysts are not used in the atactic PS production process, but the temperature is adjusted to slowly increase from 150 oC to 200 oC. Due to the large benzene rings, PS cannot be packed closely into crystals, so the material is transparent. (This may be a bit counterintuitive, but a crystalline polymer is not transparent.) In addition, the rings restrict rotation around the carbon-carbon covalent bonds in the backbone chain, increasing rigidity. Atactic PS forms transparent, stiff and fragile products. The material is inexpensive and easily colored, making it a choice for cheap, disposable plastic cutlery. (http://www.tudosobreplasticos.com/en/materiais/poliestireno.asp)

[image: PS Tacticity]	The isotactic form of PS (on the right, below) is not a favored PS conformation. While the methyl groups of PP are small enough to be accommodated in a head-to-tail configuration on one side of the carbon backbone (isotactic spatial form), the bulkiness and, thus, the steric hindrance of the large phenyl groups resists formation of this structure.
Three spatial forms (tacticity) of polystyrene

(http://www.chemtube3d.com/polymer/images/polystyrene.gif)

	In November 2011, Polymer Chemistry published a report of a collaboration between researchers from Chinese universities and the University of Southern California. Using a butyllithium catalyst and hexane solvents, the chemists were able to produce an isotactic-rich PS mixture that polymerized at –30 oC. (https://www.deepdyve.com/lp/elsevier/synthesis-of-isotactic-polystyrene-in-hydrocarbons-by-initiation-with-FzolbUgsqQ)

A more recent study by Chinese researchers (Polymer Chemistry (4) 2013, pp 954–960) describes a procedure using a highly specific MAO catalyst. The isotactic PS product increasingly crystallizes over time. Perhaps in the future, this may lead to commercial value. (http://pubs.rsc.org/en/Content/ArticleLanding/2013/PY/c2py20814h#!divAbstract)


Resin #7: Other resins

This is “other” resins—those which do not fit in codes 1–6. Code 7 may also indicate that the material has been formed by a combination of resins, or layers of different resins, increasing the complexity and expense of sorting and recycling. Some examples of resin code #7 are: materials made with acrylic, nylon, polylactic acid (biodegradable), or polyurethane; ketchup bottles and some citrus juice bottles; Plexiglas; and plastic lumber.

Structure of polymer chains

	Polymer chains can differ in their geometric arrangements (configurations) and stereochemical arrangements (conformations), as well as in their spatial arrangements (tacticity). Polymeric properties are highly dependent upon the specifics of the chain structure, as discussed in the section on polymer chemistry by their resin numbers.

	Configuration

	Configuration indicates the stereochemical arrangement of atoms. The two images shown at right have chiral carbons (central carbons covalently bonded to four different groups). These molecules are stereo isomers of each other because their atoms do not have the same stereochemical arrangement. Thus, covalent bonds must be broken to alter their structure. The molecules below are stereoisomers, non-superimposable mirror images of each other.Stereoisomers of 2-bromobutane

(http://worldofbiochemistry.blogspot.com/2012/09/conformation-vs-configuration.html)


	Another example of configurational isomers is the way some monomers join when they are forming polymers. Monomers can be linked by placement in the same order (head to tail) to produce a polymer chain, or they can be linked head to head or tail to tail as shown below. These different configurations can only be changed by breaking covalent bonds. These three arrangements will result in very different properties for the three stereoisomers.



Three different configurational structures for a polymer

Joël Gubler, alias Talos

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

	Conformation

	Conformation describes the geometric arrangements of the groups attached to the carbon chain backbone. No bonds are broken because rotation around carbon-carbon single bonds is easy and can be frequent. Three conformations (rotations) are shown below. For long flexible polymer chains, many conformations are possible. Note that these three are just temporary so the arrangements are not considered structural isomers of each other. In general, the conformation with the lowest energy level is favored.

[image: Conformação_1.png]

(http://worldofbiochemistry.blogspot.com/2012/09/conformation-vs-configuration.html)

	The organic shorthand (images at right) shows the flexibility of conformation in a macromolecule. When exposed to heating (thermal motion) or solvents (bond weakening), the molecules rotate around the single backbone carbon-carbon bonds.Conformational changes in a macromolecule

(http://www.e13.physik.tu-muenchen.de/Muellerb/Uebung/chapter03.pdf)



	Tacticity

	Resin numbers three (PVC), five (PP) and six (PS) have groups (other than hydrogen atoms) attached to their long carbon chains. In the PVC monomer, one hydrogen atom is replaced by a chlorine atom; in PP, one hydrogen is replaced by a methyl group (─CH3); and PS has a phenyl group (─C6H5) replacing one hydrogen atom. These groups can have different spatial arrangements, known as tacticity. The group arrangement helps to determine the properties of a polymer. There are three basic types of tacticity.

In the images at right, “R” stands for any attached group. The dashed line means that the atom (or “R” group of atoms) extends backwards from the two dimensional plane; the wedged line indicates a forward protrusion. Note that in the isotactic image, the orientation is the same for all groups; in the syndiotactic arrangement, the “H” and the “R” alternate between dash and wedge in each section of the polymer. The third possibility, atactic (or not tactic) is a scattered, random arrangement of the groups along the backbone.Tacticity in a polymer molecule

(http://www.informit.com/articles/article.aspx?p=2235827&seqNum=2)


	The tacticity of the polymer depends upon the temperature and the solvents used in the polymerization process. Many properties of polymers, including thermal and mechanical behavior, as well as flexibility, and transparency/opaqueness are determined by the tacticity of the polymer chain. Most isotactic and syndiotactic polymers pack closely enough to be at least partially crystalline (translucent to opaque), while atactic polymers lack crystallinity, because their structures are disordered. Atactic polymers are amorphous and, usually, transparent. (http://www.informit.com/articles/article.aspx?p=2235827&seqNum=2)

Collecting and recycling PE grocery bags

	In the U.S., recycling is usually a community decision, so this can vary by state, county and municipality. Recycling bins may take all recyclables in one container (single-stream recycling), or they may require separation into slots or separate bins for bottles and cans, paper goods, plastic, magazines and newspapers (multi-stream recycling).

	Single-stream recycling

	This is done simply at home. All recyclables are dumped into one bin and left on the curb for pickup. This easy method, where the entire bin is emptied into one municipal truck, ensures that more recyclables will be collected, rather than driven directly to the landfill. The trash recyclables are taken to a materials recovery facility, where they are placed on conveyor belts and run through screens, magnets and lasers for separation.



	This Popular Science diagram represents the recycling steps taken by the separator in Willimantic, Connecticut:
[image: http://www.popsci.com/sites/popsci.com/files/styles/large_1x_/public/import/2013/images/2013/07/PSC0813_FY_057%20copy.jpg?itok=PSsrSUKQ]
	Recycling via a single-stream separator

(http://www.popsci.com/technology/article/2013-07/how-it-works-recycling-machines-separate-junk-type)

Recycling steps numbered in the diagram above:

1. Tipping Floor: Truck dumps material on the floor and any oversized or overweight items are removed
2. Drum Feeder: Claw grabs a bunch of material and places it in a spinning drum for even distribution on the conveyor belt.
3. Initial Sorter: Worker removes plastic bags, coat hangers and other items that could jam or not fit the sorter.
4. Large Star Screens: Corrugated cardboard is lifted out and small items fall through to another belt below.
5. Second Sorters: Workers remove smaller contaminants (like people’s wallets).
6. Medium Star Screens: Paper is lifted out, leaving glass, plastic and metals to fall through the screens.
7. Glass sorter: Glass is heavier than plastic and aluminum so it falls through to a bin where a conveyor belt takes it to another facility area to be ground into fine sand and shipped to a glass recycler.
8. Magnetic Metal Sorter: A strong magnet passes over conveyor belt, attracting and removing metals.
9. Eddy Current Separator: Electrons of aluminum are induced to create a magnetic field (eddy field) that pushes aluminum off the primary conveyor belt and onto another belt.
10. Infrared Lasers: These separate plastic by types. Puffs of air separate recyclable from non-recyclable plastics and send them into separate bins.
11. Baler: Recyclable material is tied into separate bales of paper, plastic, cardboard or metal. Each bale is 5 by 4 by 3 feet and weighs one ton.
12. Landfill: All the rest, including Happy Meal toys, shoes and jar lids go to the landfill.

(http://www.popsci.com/technology/article/2013-07/how-it-works-recycling-machines-separate-junk-type)


	Multi stream recycling

	The collection bin on the left below is the home curbside version, where all recyclables go into one container (single-stream). In the middle is the type that asks consumers to separate their trash (multi-stream). These are often found in places such as offices, airports and universities. Purchasers can choose a combination of three shapes for holes. The one below shows a round hole just the size of an aluminum can or 500 mL plastic drink bottle, a slotted hole on a diagonal for papers and magazines, and a rectangular shape for miscellaneous trash. Purchase comes with standard labels for holes.

[image: https://images-na.ssl-images-amazon.com/images/I/81FsTcO9pCL._SL1500_.jpg]	[image: http://www.wastewiseproductsinc.com/wp-content/thumbgen_cache/42f580cdb93d27e7047dc198c6be65ed.gif][image: http://www.wastewiseproductsinc.com/wp-content/thumbgen_cache/d8aac10917d561643d15181a616acf52.gif]
[image: http://www.wastewiseproductsinc.com/wp-content/thumbgen_cache/722a08b9d53ba85b292dee6bbc69ab8e.gif][image: http://www.wastewiseproductsinc.com/wp-content/thumbgen_cache/4e720fedf4638a327dc1e6d3e45184e7.gif]
[image: http://www.wastewiseproductsinc.com/wp-content/thumbgen_cache/10d546e03e4107aea4aa9d72da9258e6.gif]
[image: http://www.wastewiseproductsinc.com/wp-content/thumbgen_cache/24f867e8ed9cf2e822af66ba2868cb12.gif]
[image: http://www.wastewiseproductsinc.com/wp-content/thumbgen_cache/6d8a45a0d5dbb7a008b52c2682a3e7e3.gif]




	Single-Stream	Multi-Stream 	Standard Labels

Bin on Left: (https://www.google.com/?gws_rd=ssl#q=Amazon+curbside+recycling+bins+for+home)

Center bin & labels: (http://www.wastewiseproductsinc.com/recycling-bin/aristata-tier-iii-mid-summer-flame-triple-stream/)

	Plastic bag recycling

	Whatever the collection mechanism, thin plastic polyethylene films (resin numbers 2 and 4), such as grocery bags, plastic wrap, dry cleaning bags, wrap around rolls of paper towels, etc., cannot be easily separated from other waste and simply recycled into new bags. Since these films require a different processing system, separate collection is the most effective means of preparing the resin for recycling. (https://www.plasticsmakeitpossible.com/plastics-recycling/how-to-recycle/at-home/can-i-recycle-plastic-bags-in-the-recycling-bin/)



In 1990, supermarkets began placing bins like the one shown at right (from a grocery store in Wayne, Nebraska) for only resin #2 and #4 recyclable film at grocery stores. By 1992 approximately one half of all U.S. supermarkets had these collection programs. The label at far right is used by manufacturers that follow the Association of Postconsumer Plastics Recyclers “Design for Recyclability Guidelines”.Store drop-off bin, Wayne, Nebraska

(http://www.cityofwayne.org/index.aspx?NID=622)
PE film 
recycling label

(http://www.plasticfilmrecycling.org/)

(http://www.plasticfilmrecycling.org/)

	The Novolex Bag-2-Bag® program shown in the De Antonis article has prepared these guidelines for consumer/recyclers:

Please Recycle These In Bag-2-Bag®
· Plastic retail bags
· Produce bags
· News Paper Bags
· Dry Cleaning Bags
· Cereal Box liners
· Paper towel and toilet paper wrap
· Over wrap on cases of soda or canned vegetables
· Sealed air pouches in mailed packages
· Ziploc and other zipper style bags—please remove zippers prior to recycling

· Please Do Not Recycle These In Bag-2-Bag®
· Salad and other pre-prepared vegetable bags
· Frozen vegetable bags
· Pet food bags
· PVC or PVDC (Saran) films (meat wrap is PVC)
· Polystyrene, polyurethane foamed, polypropylene
· PETE trays
· Plastic bottles
· Hazardous materials, medical wastes, or packages of these products
· Metal

(http://novolex.com/sustainability/bag-2-bag)


	The Waste and Resources Action Programme (WRAP) began in Great Britain in 2002. [image: WRAP-image]In November 2016, American Chemistry Council (ACC) Plastics Division announced their collaboration with the U.S. Environmental Protection Agency (EPA) to promote sustainable management practices for plastics materials. Their goal is to educate the public in an effort to increase the amount of PE thin film that is collected. A system of special Store Drop-Off bins for plastic grocery bags and other clean thin wrap has been introduced and collection continues to increase. (http://www.plasticfilmrecycling.org/)

(http://www.plasticfilmrecycling.org/)

	The Procter and Gamble Company (P&G) has joined the ACC’s Flexible Film Recycling Group to design programs to encourage local recycling programs. P&G’s Research and Development (R&D) manager Stephen Sikra explains the high demand for recycled PE film, “I see it as very strong with many uses, including durable goods such as composite lumber for decks, fencing, building and garden products, crates, and piping, and for flexible applications, including new film packaging and plastic bags.” (https://www.packworld.com/sustainability/recycling/pg-puts-focus-pe-film-recycling)

	Processing recycled PE bags and films

	The largest used grocery bag collection system is the one mentioned in the De Antonis article, the Novolex Bag-2-Bag® program. Novolex has more than 30,000 U.S. pick-up locations. Its processing plant is advertised as the “world’s largest closed-loop plastic bag recycling plant”. Closed-loop means that Novolex collects bags from store drop-off bins and trucks them to their Indiana plant for processing into PE pellets that become the raw material for in-house production of new (recycled) grocery bags, thus closing the loop.

	White grocery bags are manufactured from virgin resin. If material is available, Novolex has the capability to manufacture bags with 100% recycled PE. In 2014, their average was 30% recycled per bag (some bags contained 50% recovered material). As more people return thin films to recovery bins, Novolex predicts that the percent of virgin PE needed will decrease. When recycled films of various colors are mixed (like mixing food colors) and heated, the product pellets are white to grey depending upon the percentage of recycled material used, as shown in the graph at right.Percent recycled content in recycled PE pellets

(http://novolex.com/sustainability/gray-is-the-new-green)





[image: hand holding white plastic pellets]	[image: http://novolex.com/assets/content/True_Cradle_to_Cradle.jpg]
	White virgin PE pellets	Novolex recycled PE pellets
(http://novolex.com/sustainability/recycling-plant)


(https://www.containerandpackaging.com/blog/2009/06/what-are-the-7-main-plastic-resin-types/)


	Novolex process

	Every day, the Bag-2-Bag® program processes approximately 80,000 pounds of plastic. The Indiana plant has two basic lines, a “dry line” for clean plastic tailings, such as the cutouts from bag handles from their own and other manufacturing plants. There is also a “wet line” to wash recycled grocery bags. A shredder breaks down the material to allow the contaminants such as grocery receipts (forgotten in bags) to sink to the bottom for removal, while the bits of PE rise to the top of the bath. After a final grinding and washing, the material is pressed to remove rinse water and thoroughly dried, because just one drop of water can ruin the entire batch. See descriptions of the Novolex industrial procedures below:

(a) Dry material from both lines is put through a grinder, reduced to PE flakes and melted into a liquid which is then formed into feedstock pellets.
(b) Pellets from the Novolex process are combined with recycled and new (virgin) pellets purchased from suppliers. The exact mixture is determined by individual customer specifications. The picture shows the resin mixture on a conveyor belt being fed into blowers (white structure shown in the top right corner of the picture) where the pellets are blown and extruded into a thin film.
(c) Film is rolled and then sent to the bag making machines where it is stamped with logos, cut into bags, sealed at the bottom and handles are pressed out.
(http://novolex.com/news-updates/thats-a-wrap)


[image: http://novolex.com/assets/content/scrap_mag_photo_8.jpg]	[image: http://novolex.com/assets/content/scrap_mag_photo_9-10-11_comp.jpg]	[image: http://novolex.com/assets/content/scrap_mag_photo_12.jpg]

(a) Dry, ground, flaked recycled PE	(b) Mixing and extrusion	(c) Rolls of recycled PE film

(http://novolex.com/news-updates/thats-a-wrap)

	Novolex constantly monitors both their own products and the resin pellets that they purchase from other suppliers, to ensure quality and to avoid threats to their machinery and to their customers. The national non-profit Healthy Building Network promotes the use of environmentally friendly and sustainable building materials. They have produced a series of reports on “Optimizing Recycling”. In collaboration with the Stop-Waste program of Alameda County, a report was prepared to identify problems with recycled polyethylene. This report suggests that if the bags may be recycled, manufacturers should not use potentially harmful additives in their bags made from virgin pellets. In addition, PE material should be screened and rejected when necessary before recycling.

	Degradation additives are used to reduce public concern about litter and bags in landfills. These chemicals actually fail to decompose PE; they simply break the plastic into tiny pieces. Recycled bags made from pellets containing these additives may lack the strength to hold a heavy grocery load.

	Some grocery bag processers depend upon metal catalysts to speed polymerizing reactions. Microbes decompose the catalysts but leave the metal behind to contaminate landfills and/or recycled bags. The Alameda County project found high levels of cobalt (listed as a California Proposition 65 carcinogen) in a food waste bag that had been manufactured using a cobalt catalyst. Some recyclables collected in single-stream bins contain more than one type of resin. For example, an HDPE bottle may have a PVC banded label that later becomes an impurity in the recycled product. In addition, there may be contaminants left in recycled plastic containers that once held pesticides, antifreeze or detergent. (http://healthybuilding.net/uploads/files/optimizing-recycling-pe-report.pdf)

Environmental concerns

	Plastic grocery bags have only been around for about 50 years, so the claims of 500 to 1000 year life spans are vague estimates. Life spans for landfill items are estimated by tests for the length of decomposition time. When a PE garbage bag and other organic waste, such as a banana peel and newspaper, are mixed with compost rich in microorganisms, carbon dioxide is released as microbes decompose the peel and paper. Measuring the gas indicates the life span of these organic materials. When only the intact grocery bag is left, no carbon dioxide is expelled because soil microbes do not feed on plastic. PE will gradually degrade from exposure to the sun’s ultraviolet (UV) rays; however, the chains just break into small pieces that swirl about in ocean currents. Thus, the bag may be considered “decomposed”, but the plastic remains in the water. (http://www.slate.com/articles/news_and_politics/explainer/2007/06/will_my_plastic_bag_still_be_here_in_2507.html)

	Grocery bags end up almost everywhere. For several miles outside Trelew, Argentina, the shrubs are decorated with PE bags of all colors. The lightweight film is picked up in the city by constant Patagonian winds and flown for miles, to rest on every twig and bush. And many finally come to rest in lakes, rivers and oceans. They last hundreds of years in landfills, block storm drains, and litter hiking trails. The most serious concern is the danger to marine animals that may become enmeshed and choked by them, or perceive them as food. Bits of PE settled in the stomachs of fish and seabirds satisfy their hunger; meanwhile they starve to death. (http://grist.org/climate-energy/are-plastic-bag-bans-good-for-the-climate/)A sea turtle seen feeding on a PE plastic bag

(http://www.ecowatch.com/silent-killers-the-danger-of-plastic-bags-to-marine-life-1881783599.html)


	BBC News (June 2016) reported, “Fish eat plastic like teens eat fast food”. This article was based on a Swedish study of perch larvae exposed to ocean water containing a mixture of micro pieces of plastic and natural food (plankton). The fish showed a definite preference for the plastic. When deliberately exposed

to a diet of plastic, the normal hatch rate was reduced. Dr. Oona Lonnstedt, Uppsala University, said that those that did hatch were "smaller, slower, and more stupid" causing them to be much more susceptible to predation.(http://www.bbc.com/news/science-environment-36435288)
Damselfish larva with Ingested Plastic Particles

Oona Lonnsted (http://www.bbc.com/news/science-environment-36435288)




	Carey Morishige, Pacific Islands Regional Coordinator for the Marine Debris Program of the National Oceanic and Atmospheric Administration (NOAA), discussed two myths about ocean “Garbage Patches”.
1. Garbage Patches of empty bottles and yogurt cups do not exist. Patches are simply areas of large concentrations of microscopic plastic material. These include flecks of plastic from disintegrating PE garbage bags and other plastic items; microfibers from synthetic clothing, such as fleece jackets; and microbeads from cosmetic scrubs and household cleaners. Morishige describes these as, “like flecks of pepper floating throughout a bowl of soup”. The De Antonis article describes the circular motion of ocean currents or gyres that pull the material together.
2. Aside from the Great Pacific Garbage Patch, there are actually many places in various parts of the ocean where the wind and ocean currents bring together tiny particles of ocean debris.
(http://response.restoration.noaa.gov/about/media/how-big-great-pacific-garbage-patch-science-vs-myth.html)

	The plastic microscopic material found in oceans and waterways is defined as plastic microfibers less than five millimeters in length and microbeads less than five millimeters in diameter. The Bren School of Environmental Science and Management at the University of California, Santa Barbara studied plastic pollution in the waste water effluent at water treatment plants. The student team found that 85% of the microplastic in the water was in the form of microfibers and 13% was microbeads and other plastic fragments. (http://www.esm.ucsb.edu/research/2016Group_Projects/documents/PataPlastFinalReport.pdf)

	Abigail Barrows, chief investigator for the Global Microplastics Initiative, tested ocean water samples. She found that almost all samples contained microplastic debris. From 426
one-liter samples from around the world, 94% contained microplastics, and 84% of those were microfibers. Several major companies, including Patagonia, are concerned enough to consider redesigning their fabrics to reduce the amount of fibers lost during washing. In a single machine washing, a new fleece jacket loses about 2.7g of fibers to the waste water. (https://www.outsideonline.com/1998166/plastics)


	The map below from the NOAA Web site shows places where tiny bits of plastic congregate in the Pacific Ocean. The swirls on the map indicate the ocean currents responsible for concentrating these micro- and submicroscopic particles. Some think that in these areas larger debris may have settled on the ocean floor. Note: This map is essentially the same as the one in the De Antonis article.

Marine decay locations in the North Pacific Ocean

(http://www.nationalgeographic.org/encyclopedia/great-pacific-garbage-patch/) 


Possible solutions

	In an effort to reduce ocean plastic litter, the Global Plastics Association, an organization supported by international plastics makers, says, “… plastics should be responsibly used, reused, recycled and finally recovered for their energy value”. (https://www.marinelittersolutions.com/about-us/joint-declaration/)

	To promote this effort they have planned 260 marine litter solutions and 69 organizations in 35 countries have signed a pledge to:

1. Contribute to solutions by working in public-private partnerships aimed at preventing marine debris.
2. Work with the scientific community and researchers to better understand and evaluate the scope, origins and impact of and solutions to marine litter.
3. Promote comprehensive science-based policies and enforcement of existing laws to prevent marine litter.
4. Help spread knowledge regarding eco-efficient waste management systems and practices, particularly in communities and countries that border our oceans and watersheds.
5. Enhance opportunities to recover plastic products for recycling and energy recovery.
6. Steward the transport and distribution of plastic resin pellets and products from supplier to customer to prevent product loss and encourage our customers to do the same.

(https://www.marinelittersolutions.com/wp-content/uploads/2016/11/MLS-Declaration-2016_V3-0002.pdf)

	In addition to recycling thin PE bags, possible solutions to the plastic litter problems described in De Antonis article include ways to decompose the material, ban the sale of PE bags, and substitute reusable bags.

	Biodegradable bags

	The abbreviated diagram below shows the triangle of formation for PLA by a condensation (removal of water) reaction between lactic acid and lactide (two green arrows point toward the product PLA). A description of the three reactions follows:Formation of Biodegradable PLA Pellets

(http://pubs.acs.org/doi/abs/10.1021/bm101302t)


Lactic Acid: Bacterial fermentation of various plant starches yields both D- and L- stereoisomers of lactic acid, along with other impurities and residual components.

Lactide: Polycondensation of lactic acid produces ringed D- and L- stereoisomers of lactide (note the green arrow from lactic acid to lactide). Metallic compounds of Sn, Zn, Al, Sb and others catalyze this reaction. Note that the metal (impurity) is shown with the lactide structure and water (H2O), the byproduct of condensation.

PLA: The final product is produced from reactants that both contain impurities, and are of inconsistent quality. This means that the composition of PLA resin beads is not consistent. So, PLA grocery bags differ in texture and strength from batch to batch. These are (perhaps costly) problems that need to be addressed for this process to become sustainable. (http://pubs.rsc.org/en/content/chapterhtml/2014/bk9781849738798-00001?isbn=978-1-84973-879-8#sect258)

	Biodegradable grocery bags are a possible solution to the landfill/litter problems. Completely degradable bags can be manufactured from tapioca, wheat, corn, and potato starches. The starch is fermented to lactic acid and then polymerized to form pellets of polylactide (PLA), a biodegradable plastic. These organic pellets are melted and processed to form biodegradable thin films.

	This process is considered “carbon neutral”, because the polymer is produced by the fermentation of dextrose (a simple sugar) that is obtained from carbon-absorbing plants. PLA is considered “green”, because it is not produced from fossil fuels. Estimates show that its production requires 65% less energy and releases 68% fewer greenhouse gases than the production of resin #1, polyethylene terephthalate (PET).

	Although PLA will biodegrade into carbon dioxide and water, this will happen extremely slowly in backyard compost bins, and even more slowly (100–1,000 years) in dark landfills packed tightly with wastes that allow little oxygen penetration. In carefully controlled industrial processes where digestive microbes are added while the temperature is kept at a constant 
60 °C, biodegradation may occur within three months.

	There are other problems that limit the use of PLA for grocery bags. Bioplastic is weaker than HDPE, has a limited shelf life, melts at 173–178 °C, and may fall apart when filled with wet leaves. In addition, it must be collected separately and sent to one of the few U.S. composting facilities (not to recycling plants). (http://www.smithsonianmag.com/science-nature/corn-plastic-to-the-rescue-126404720/?c=y&page=2)

	Photodegradable/oxodegradable bags

	HDPE grocery bags can also be decomposed by blending a UV oxidative additive into the resin. A metal salt such as ferric stearate or Iron(III) stearate, Fe(C17H34COOH)3, is often used. Note that the stearate is the salt of the organic compound stearic acid, which contains a carbonyl (C=O) organic acid group. See the structural diagram below. (http://onlinelibrary.wiley.com/wol1/doi/10.1002/pi.4990280107/abstract)



Stearic acid or octadecanoic acid: CH3(CH2)16COOH

(https://pubchem.ncbi.nlm.nih.gov/compound/stearic_acid#section=2D-Structure)

	When the bag is discarded, those special oxidative additives cause the polymer chains to break down into oxygenated short chain molecules when exposed to UV light rays. Unlike the long hydrocarbon chains of HDPE molecules, the smaller segments contain the oxygen needed for biodegradation by soil microorganisms. In the open environment, photodegradable bags will decompose in 2 to 18 months; in a landfill, the process may take 6 months to 5 years. (http://www.packagingknowledge.com/degradable_biodegradable_bags.asp)

	The major objection to photodegradable grocery bags is the reluctance of consumers accustomed to cheap HDPE bags to switch to more expensive, but still considered “throwaway”, bags.

	The Bag-2-Bag® program by Novolex is the best way to recycle single-use grocery bags. This link takes you to a complete description of the program, including what can be placed in the supermarket bins. (http://novolex.com/sustainability/bag-2-bag) Enter your Zip code on this site for the location of the nearest supermarket Bag-2-Bag® drop off bin. (http://www.plasticfilmrecycling.org/s01/s01dropoff.html)


	Reusable bags

	Reusable bags are usually considered better for the environment and sea life than 
thin-filmed HDPE, but they must be used multiple times to justify their expense, in terms of the cost of manufacturing and the cost to the environment. It is estimated that to achieve the greatest environmental benefits, one must use a PP reusable bag 100 times and a cotton reusable bag 131 times. The last estimate is from a 2011 study done by the United Kingdom (U.K.) Environmental Agency. (http://www.marketwatch.com/story/are-reusable-bags-worse-for-environment-than-plastic-2014-01-09)
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PE Single Use 
Grocery Bag

(https://www.amazon.com/Thank-You-T-Shirt-Plastic-Shopping/dp/B00FZQZJGE)
PP Grocery Bag

(https://totebagfactory.com/collections/reusable-grocery-shopping-bags)
Cotton Grocery Bag

(https://totebagfactory.com/collections/reusable-grocery-shopping-bags)







	In 2010, as customers in California began to switch to reusable bags, Loma Linda University (Loma Linda, California) and the University of Arizona published a joint food safety research report, “Assessment of the Potential for Cross Contamination of Food Products by Reusable Shopping Bags”. They found that people are seldom aware that bags should be washed to avoid the growth of harmful bacteria and molds in a grocery bag. The research concluded that reusable grocery bags can harbor dangerous foodborne bacteria that may impact public health safety.

	The report recommends that when using reusable bag customers should:
1. separate raw foods from other food products,
2. use bags only for grocery store items, not for dirty clothes or other nonfood items.
3. avoid storing bags in car trunks where high temperatures encourage bacterial growth.
(http://www.foodsafetynews.com/2010/06/reusable-shopping-bags-and-food-safety/#.WJjRXXkzVy0)

	 Several manufacturers are producing reusable shopping bags treated with AP-360, an antibacterial agent. The U.S. EPA says that this material, obtained from the chitin of discarded crustacean cells, is non-allergenic and safe for humans. The Soulard apparel company has been using AP-360 to eliminate odor-causing bacteria in the golf shirts it manufactures for Wilson Sporting Goods. They plan to spray reusable grocery shopping bags with AP-360 that should last through at least 5 washings. AP-360 is antibacterial and should eliminate deadly E. coli and campylobacter bacteria often found in raw chicken. Washing is still needed to kill mold and dangerous viruses. (http://www.stltoday.com/business/local/soulard-company-sees-future-in-reusable-shopping-bags/article_593165dc-69d3-5e67-8123-73c5c28324a0.html)

	Bag bans

	Many countries and U.S. municipalities began to question the rationale for using cheap, single-use PE grocery bags. Not only does their manufacture consume fossil fuels but, as debris, they litter and harm wildlife. Long before the U.S. considered limiting their use, many other countries, including the European Union (E.U.), China, India, and many others, began to ban or tax their use. San Francisco became the first U.S. city to ban these bags in 2007. Many U.S. cities (particularly in California) followed.

	A 95% reduction in plastic bag litter followed a 2002 bag tax in Ireland. Scientific American magazine reported that the 2011 ban in San Jose, California resulted in a plastic litter reduction of “approximately 89% in the storm drain system, 60% in the creeks and rivers, and 59% in City streets and neighborhoods.” (https://www.scientificamerican.com/article/do-plastic-bag-bans-work/)

In many countries of the world, there has been a phase-out of lightweight plastic bags. Single-use plastic shopping bags, commonly made from high-density polyethylene (HDPE) plastic, have traditionally been given free to customers by stores when purchasing goods—a popular method considered a strong, cheap, and hygienic way of transporting items. Problems associated with plastic bags include use of non-renewable resources (such as crude oil, gas and coal), disposal, and environmental impacts.


Phase out of lightweight plastic bags around the world

Plastic bags banned;
A tax on some plastic bags;
Partial tax or ban (municipal or regional levels)

(https://en.wikipedia.org/wiki/Phase-out_of_lightweight_plastic_bags)

	Governments all over the world have taken action to ban the sale of lightweight bags, charge customers for lightweight bags, and/or generate taxes from the stores who sell them. The Bangladesh government was the first to do so in 2002, imposing a total ban on the bag. Such a ban has also been applied in countries such as Rwanda, China, Taiwan and Macedonia. Some countries in Western Europe impose a fee per bag. Bans, partial bans, and fees have been enacted by some local jurisdictions in North America, Australia and the United Kingdom.

	In November 2016, California became the first state to enact a statewide ban. Supermarket parking lots post signs, “Remember your Reusable Bags”. Customers can purchase a paper bag for ten cents. The statewide ban was preceded by over a hundred local laws. These will remain, and all supersede the statewide legislation. (http://www.npr.org/sections/thetwo-way/2014/09/30/352774915/ban-on-single-use-plastic-bags-is-enacted-in-california)Monterey, California
Whole Foods Parking Lot

(http://lolako.com/tag/signs-remember-to-bring-reusable-bags/) 













[bookmark: _Toc478389342]Connections to Chemistry Concepts (for correlation to course curriculum)

1. [bookmark: _Toc212568429]Intermolecular forces (IMFs)—During the study of IMFs, HDPE polymers in the article provide the opportunity to discuss how structure and properties can be explained by the strong IMFs that occur when the long straight chains pack closely together.
2. Covalent bonding—Information in this article can be used to show the strength of covalent bonds. The experimental conditions (high temperature and a catalyst) can be used to emphasize the energy required to break the carbon-carbon and two carbon-hydrogen covalent bonds in ethane.
3. Density—The density of HDPE can be compared to that of LDPE, along with a discussion to discover/explain the reason for the density difference.
4. Polymerization—Polymerization can be introduced during the study of covalent bonding. The polymerization of HDPE discussed in the De Antonis article is an example of C=C bonds in monomers breaking to form reactive C–C bonds that allow those monomers to link, forming polymers.
5. Unsaturated compounds—In the study of polymers, multiple bonds in unsaturated compounds must be broken for monomer additions (polymerization). Typically, only unsaturated monomers can form polymers through addition polymerization.
6. Recycling—During environmental studies, include the rationale for recycling (beyond litter) to protect our planet by reducing global warming, the use of fossil fuels and harm to wildlife.
7. Catalysis—When studying catalysis, note that a catalyst is required to break the strong covalent bonds shown in the ethane to ethylene conversion in the article.

[bookmark: _Toc478389343]Possible Student Misconceptions (to aid teacher in addressing misconceptions)

1. “I tell my parents to always buy plastic containers with numbers in triangles on them, that way I know that they will be recycled into new containers.” The numbers only identify the general type of resin used to make the plastic, they do not indicate whether the plastic can be recycled into new plastic containers. Numbers in the triangles are Resin Identification Coding System (RIC) that manufacturers use to show the type of resin used in making a product. They are not meant to tell the customer whether or not the plastic can be recycled. Yet since the RIC identifies the resin, the number can be used by recyclers to determine if their facility is capable of processing the item.
2. “When we separate our trash, we always put plastics in the “blue” bin so they will never go to a landfill.” Most recyclable plastics eventually end up in a landfill. Many plastics that are recyclable are used to make new secondary items such as composite lumber, parking lot bumpers and plastic park benches. These items are not recyclable, so eventually this plastic ends up in a landfill.
3. “We do our own recycling by using grocery bags to reline our kitchen trash can and to pick up after our dogs.” While this helps by saving bags, these bags of garbage go straight to the landfill. This is called “reusing” your grocery bags, a process that does conserve fossil fuels. But once the bag contains garbage, it will have to go straight to the land fill anyway, so you’ve only prolonged its eventual disposal. Only clean, dry grocery bags can be recycled.
4. “I’ve heard that brown colored grocery bags are not as strong as white ones.” When a bag is brown, it usually means that it was made from partially recycled polyethylene. These bags must pass the same quality (including strength) tests as bags made from entirely new (virgin) polyethylene.
5. “Recycling at my home is pretty easy. We just dump everything into the big blue bin, the truck collects it and takes to a place where they pull out the paper and melt down the rest into plastic again.” Recycling is not quite that simple. Aside from paper, the blue bins contain other recycled products such as glass and metal objects that must be removed before recycling plastics. Also, different plastic resins require resin-specific recycling procedures, so this requires additional sorting. Thin HDPE films are best collected separately in special drop-off bins at supermarkets. Once materials have been sorted, plastic pellets of different resins are produced. New (recycled) products are made from these pellets.
6. “I’ve seen the Bag-to-Bag bins at our local supermarket. I assume that this is the best place to put all plastic bags.” All plastic bags should not be placed in these recycling bins. The Bag-2-Bag program is specialized to process only empty, clean, dry single-use PE grocery bags and certain PE thin films (resin numbers two and four), like those covering rolls of paper towels and newspapers. While some frozen food and salad mix bags may be composed primarily of PE, they often contain additional polymers or layers of materials to extend the shelf life of the products. These additives can act as contaminants that ruin an entire batch of resin. So, unless this type of bag is marked with a “how2recycle” label as shown in the De Antonis article, they should not be placed in the store Bag-2-Bag Novolex bin.
7. “My family usually goes on at least one Pacific cruise each year. Will our ship have problems if it runs into the Great Pacific Garbage Patch of floating plastic?” Encountering the Garbage Patch will not be a problem even for a small sail boat. This marine current-driven collection of plastic is composed of tiny bits of plastic mixed with water, heavy materials quickly sink to the bottom of the ocean.
8. “Doesn’t most of the resin used for grocery bags come from refinery waste?” Except for some recycled resin, most of the grocery bag resin comes from the same natural gas that we use to heat our homes and cook our food.
[bookmark: _Toc478389344]Anticipating Student Questions (answers to questions students might ask in class)

1. “If I put my used water bottle in the recycler, will it eventually become a new bottle?” Probably not. This is almost never the case, because much of the recycled plastic is used in the manufacture of composites such as parking lot bumpers, license plate holders and lumber. These products have longer lives than water bottles, but, as mixtures of various plastics, they are not recyclable.
2. “What do the big and little “n”s mean in the chemical equation that forms polyethylene:  n C2H4  (C2H4)n? The “n”s are chemistry (and mathematical) shortcuts that represent any number. The first “n” represents the number of ethene molecules (monomers) that link together to form one polyethylene molecule (polymer) that is composed of the subscript “n” monomer units.
For example: Since n is any number between 50,000 and 100,000 monomer units, we could say that if the first “n” = 70,000 C2H4 ethene monomers; then subscript “n” shows that the one product polyethylene molecule is one long chain of 70,000 ethene monomers covalently bonded together.
3. “If the Great Pacific Garbage Patch of plastic is made up of very tiny beads of plastic, why are marine scientists worried?” Sea birds and fish are attracted to these tiny pieces of plastic and mistake them for food. When an animal’s stomach is full of plastic, it loses its appetite and eventually starves to death. Actually, it’s been shown that marine animals prefer plastic to their normal food sources (bad for them).
4. “I read that fossil fuels are ‘Buried Sunshine’. What does this mean?” Fossil fuels are sometimes considered buried sunshine because long ago their energy was captured from the sun during photosynthesis by prehistoric plants and the animals that ate them. These plants and animals died and were buried long ago. Over millions of years, heat and pressure converted the fossilized material into fossil fuels.
5. “Where does old plastic made from petroleum go long after it is discarded?” Actually most of the petroleum plastic ever made is still in our environment. After it is discarded, about 6.5% of the plastic is recycled; 7.7% is burned in waste management facilities to produce energy; and the rest ends up in landfills, waterways and oceans where most of it very slowly breaks down into microscopic pieces that are still plastic.
6. “Is it more expensive to make a plastic bag from recycled plastic than to make one from virgin plastic?” No, it costs about the same or slightly less to make a plastic shopping bag from recycled content. The savings is actually in the reduction of fossil fuel use.
7. “Why are new plastic food storage containers always white?” The virgin plastics industry is opposed to adding recycled materials (that color resin pellets) to their container resins. So, by U.S. law, these containers are made entirely from white virgin resins.
8. “Why do fish think that plastic is food?” This is an excellent question, one that scientists are currently studying. Researchers think that plastic must emit a chemical or physical cue that triggers a feeding response in fish. Once identified, perhaps it can be eliminated by reformulating plastic resins.

[bookmark: _Toc478389345]Activities

Labs and demos

1. Polymer Demonstrations: The Elmhurst College Web site provides instructions and safety precautions for making several polymers as labs or short demonstrations: Superball, nylon rope, polyurethane foil, slime, Gaviscon snakes, ghost busters and siphon polymer. (http://chemistry.elmhurst.edu/demos/index.html)
2. Recycling Lab: In this laboratory activity, students investigate ways to separate and identify a mixture of plastics by their physical characteristics, such as density. Instructions, list of materials and suggested data tables are included. (http://www.juliantrubin.com/encyclopedia/environment/plasticseparation.html)
3. Physical Properties of polymers lab: This is a suggested 40-minute laboratory exercise for students to identify polymer resins by comparing the flexibility and density of various polymer samples. The density is estimated by whether samples “sink or float” in various concentrations of calcium chloride solution and ethanol. The materials include complete teacher directions plus student questions with suggested answers. (http://matse1.matse.illinois.edu/polymers/h.html)
4. Short introductory activity using grocery bags: Cut grocery bags into small squares. Avoid anything that will indicate the original bag orientation by cutting off lettering, handles, etc. Give each student one piece, tell them to pull the plastic each way. Which direction was the top of the bag? Why? Students will find that there is noticeably more stretching in one direction. Maximum stretching must be the horizontal direction to ensure proper packing of grocery items so that heavy items do not quickly fall through the bottom of the bag.
5. Two student labs from the Polymer Ambassador’s Program investigate the properties of HDPE and LDPE bags:
a. Students test and compare properties of food packaging bags by stretching and inserting a pencil into an inflated PE bag. This activity is designed for middle school students, but is can easily be adapted for use in the high school classroom. (http://polymerambassadors.org/pdf/polybags.pdf)
b. An initial discussion of polyethylene production precedes three lab activities similar to those above, but the relative density of several polymer types is also investigated. These activities, designed for middle through high school are presented in a more formal format that those in a., above. (http://polymerambassadors.org/pdf/polyethylene.pdf)
6. Styrofoam™ and acetone demonstration (2:00–4:00): Styrene molecules polymerize to form polystyrene. Expansion of the polymer by steam and butane or propane gas produces the Styrofoam™ used for drinking cups, supermarket meat trays and packing pellets. Acetone quickly softens and deflates Styrofoam™ and shrinks it into a small ball of the original polymer. This demonstration never fails to catch student attention. Although the activity described at this URL suggests that it can be done at home, due to the flammability of acetone, it would be safer done as a classroom demonstration. (http://mindtrekkers.mtu.edu/lessons/96.pdf) Note: See a video demonstration in the “Media” section of this Teacher’s Guide.


Media

	Videos

1. production of polyethylene bags—Two YouTube videos
a. “Polythene Production” (4:08) was produced for the Royal Society of Chemistry by British Petroleum (BP). Illustrations show how ethene is used to produce polyethylene. Then, the viewer is taken through the step-by-step process of polyethylene production at a working factory. (https://www.youtube.com/watch?v=U6d_F1jcKzI)
b. “How it’s made: Plastic Bags” (4:29) begins with polyethylene beads being melted, then pressed into sheets. Finally it shows rolls of polyethylene film being dyed and cut into plastic bags. (https://www.youtube.com/watch?v=aQ4O8MMDuH8)
2. “Single-stream Recycling System” at work: This YouTube video (6:16) shows how 65 tons/hour of mixed recyclables are separated. The process is very similar to the one described in the “Single-stream recycler” section of this Teacher’s Guide. (https://www.youtube.com/watch?v=X02CVm08s5A)
3. Lesson, “Crash Course in Chemistry—Polymers”: Instead of the usual blackboard style Khan video, this Khan Academy YouTube video (9:13) is more interesting. The moderator asks, “Did you know that polymers saved the lives of elephants?” Beginning with a bit of polymer history, the film proceeds with ball and stick models to show basic polymers and how they are formed by addition and condensation reactions. If students are familiar with basic organic functional groups, this presentation could serve as an end of the section review on organic and biochemistry. (https://www.khanacademy.org/partner-content/crash-course1/crash-course-chemistry/v/chem45-polymers)
4. Lesson, “Polymerization of Alkenes with Acid”: This is a basic blackboard-drawing Khan video (YouTube, 12:03) showing how the pi electrons transfer when the C=C double bonds break and addition polymerization occurs. (https://www.khanacademy.org/science/organic-chemistry/alkenes-alkynes/alkene-reactions/v/polymerization-of-alkenes-with-acid)
5. “Materials Recovery Facility”: This short video (1:48) leads the viewer through an animation of the single-stream recycling process at a materials recovery facility. (https://vimeo.com/51939288)
6. “Plasticbaglaws.org—Part 1”: In this video (3:21), Jennie Romer, an attorney who formed plasticbaglaws.org, speaks of the concerns expressed in the De Antonis article. To promote zero waste goals, she has produced several videos on the subject. The right margin of this link lists other videos. (http://plasticbaglaws.org/short-youtube-videos-by-jennie-romer-explaining-the-intricacies-of-plastic-bag-laws/)
7. YouTube video (2:49), Styrofoam™ and acetone demonstration: This video shows the reaction between Styrofoam™ (polystyrene) and acetone. Complete demonstration details are given in the “Labs and Demos” section of this Teacher’s Guide. (https://www.youtube.com/watch?v=Pt-c6beDoPU)

Lessons and lesson plans

1. Three-day plastics analysis lesson plan: Complete instructions for this lesson include: prior week long student collection of plastic samples by resin code number, Day 1-Exploration, Day 2-Chemical and Physical Properties wet lab, and Day 3-Application. Instructions are clear and comprehensive for both students and the teacher. Day 2 is one of the few lab activities that include testing the chemical as well as the physical properties of resins. (http://www2.monroecounty.gov/files/DES/education/plastics_analysis_lab_lesson.pdf)
2. “The Plastics Test”, a Teach Engineering activity: This lesson, from the Polytechnic Institute of New York University, is designed for Grade 4 students. However the engineering aspects can be used in planning high school lessons that meet engineering standards. The goal is for students to act like engineers conducting tests and comparing different plastics. A cost-benefit analysis helps students consider which plastic is best for a particular application based on both cost and physical properties. (https://www.teachengineering.org/activities/view/nyu_plastic_activity1)
3. “Simple Tensile Testing of Polymeric Films and Sheeting” lab (3+ hours): This is a Terrific Science activity on common industrial testing. There are three hour-long sessions plus analysis time. Tensile and elongation tests are done on plastic film samples. Detailed teacher instructions contain sample results. (http://www.terrificscience.org/lessonpdfs/PolymerLab06.pdf)
4. “Start Recycling Today”, a lesson for grades 6-12: Although designed as a 45 minute lesson, there are many suggestions for longer projects. (http://www.recommunity.com/wp-content/themes/recommunity/pdf/ReLessonPlan_6-12.pdf)
5. 5E Instructional Model Lesson, “The Right Polymer for the Job” includes computer simulations and Process Oriented Guided Inquiry Learning (POGIL) activity: This high school lesson is from the 2016 American Association of Chemistry Teachers (AACT)-Ford Content Writing Team. The focus is on IMFs as they pertain to polymers used in automobiles. (https://teach-chemistry.s3.amazonaws.com/2016/10/28/17/01/51/e1e748f0-a3dd-40da-b103-f0cee9606ee9/lesson-rightpolymerforjob.pdf)

Projects and extension activities

1. A debate—Plastic versus paper bags: Supermarket clerks ask customers, “Plastic or Paper?” How do you decide? There are many pros and cons regarding energy and environmental costs to be considered. This will provide rich material for a classroom debate. These two articles contain some basic information. “Paper Bags or Plastic Bags? Everything You Need to Know” (http://www.treehugger.com/culture/paper-bags-or-plastic-bags-everything-you-need-to-know.html) “About Plastic Grocery Bags─ Recycling and Environmental issues” (https://www.plastech.biz/forum-plastech/About-Plastic-Grocery-Bags-7546) If you live in a state that prohibits the use of single-use HDPE grocery bags, consider including reusable bags in the debate. (https://www.theatlantic.com/technology/archive/2016/09/to-tote-or-note-to-tote/498557/)
2. Experimental design/research project to compare single- and multi-stream recycling processes: This is an experimental design project where students are given the charge to compare two major forms of recycling (single and multi-stream). First questions will be crafted to focus data gathering; next the Internet will be used to answer their questions; and finally results will be discussed and published. One example: To prepare for a published study, “A Comparison of Single and Multi-Stream Recycling Systems in Ontario, Canada” the following questions were crafted:

(a) Are material management costs for municipalities who implement single-stream collection less than those that implement multi stream collection?
(b) Are recycling rates for single-stream municipalities higher than municipalities with multi stream collection?
(c) Do municipalities with multi-stream collection realize higher revenues from the sale of recyclable material?
Once testable (via local systems or Internet data) questions have been identified, the research will have a definite path and data can be collected and analyzed. A presentation of the data comparing common recycling systems can be designed.
(http://www.mdpi.com/2079-9276/4/2/384)
[bookmark: _Toc478389346]References (non-Web-based information sources)The references below can be found on the ChemMatters 30-year DVD, which includes all articles 
published from the magazine’s inception in October 1983 through April 2013; all available Teacher’s Guides, beginning February 1990; and 12 ChemMatters videos.  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 “Teacher’s Guide” tab to the left, directly under the “ChemMatters Online" logo and, on the new page, click on “Get the past 30 Years of ChemMatters on DVD!” (the icon on the right of the screen).

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. Click on the “Issues” tab just below the logo, “ChemMatters Online”.
30 Years of ChemMatters !
Available Now!

[bookmark: _Toc212568434]
This article shows how biodegradable bags made of polyethylene (non-biodegradable) with inserted starch molecules (biodegradable), can be broken down into small molecules by bacteria that digest the starch. Degrading experiments that can be done in or outside class are included. (Downey, C. Biodegradable Bags. ChemMatters, 1991, 9 (3), pp 4–6)

The Classroom Guide for the October 1991 ChemMatters article above, “Biodegradable bags”, compares the volumes and weight of paper and plastic grocery bags. While the information about the difficulty of sorting and recycling different plastics is dated, details about the characteristic properties of various resins is relevant today.

Addition and condensation polymerization are discussed with structural diagrams showing two monosaccharides forming a disaccharide by condensation polymerization. The production of food wrappers includes PE sandwich bags and edible food wraps. (Mahoney, M. Edible Wraps. ChemMatters, 2003, 21 (2), pp 14–16)

This article discusses environmental concerns involved in the production of petroleum plastics, including the release of carbon dioxide and its contribution to global warming. Information about the production of bioplastics and their composting is accompanied by a student activity with instructions on how to produce a bioplastic from cornstarch. (Washam, C. Plastics Go Green. ChemMatters, 2010, 28 (2), pp 10–12)

The focus of this article is the recycling of petroleum plastics by physical and chemical processes. A detail of the chemistry involved includes relevant chemical equations. The industrial process of recycling and inherent problems of handling mixed resins, plus the importance of the recycling industry in India are discussed. (Husband, T. Recycling to Survive. ChemMatters, 2011, 29 (1), pp 5–7)

The Teacher’s Guide for the February 2011 ChemMatters article, “Recycling to Survive”, provides information on recycling of various plastic resins and distinguishes between thermoplastics and thermosets. A table comparing the properties of these two basic types of plastics is included.

	This article presents natural (biological) polymerization, while discussing diabetes and the development of an artificial kidney. Structural formulas for DNA show the repeating units. Since many students know or are related to a diabetic, this article will introduce the biochemistry of polymers involved in both the illness and possible treatments. (Karabin, S. Changing the Course of Diabetes. ChemMatters, 2011, 29 (4), pp 12–13)

The Teacher’s Guide for the December 2011 ChemMatters article, “Changing the course of Diabetes”, presents a wealth of information about the polymerization process. Structural diagrams for monomers and for polymerization reactions are accompanied by explanations. Material includes natural organic polymers as well as synthetic polymers.

[bookmark: _Toc478389347]Web Sites for Additional Information (Web-based information sources)

History of plastic grocery bags

	This paper, “Polyethylene: Discovery and Growth”, details the laboratory work that led to the discovery of polyethylene and eventually to low and high density polyethylenes. (https://www.researchgate.net/publication/228813221_Polyethylene_discovery_and_growth)

	In contrast to the scientific paper above, the British Royal Society of Chemistry (RSC) has published “Plastic Fantastic”, the story of the discovery of polyethylene plus the later efforts to repeat the experiment. This true tale includes interesting experimental details. RSC gives permission to copy and share with your students. (http://www.rsc.org/images/InfoChem_Jan2005_Plastic_fantastic_tcm18-217681.pdf)

History of polymer discovery

	Leo Hendrick Baekeland (1863–1944) developed the first durable plastic (Bakelite) from phenol and formaldehyde. His invention is said to have begun the “Age of Polymers” for the world. His biography and work on the first synthetic thermoset plastic is well described in this article. (Note: Once molded, thermoset plastics keep their shape during heating or exposure to many solvents.) (https://www.acs.org/content/acs/en/education/whatischemistry/landmarks/bakelite.html)

	Section 1.1: “Historical Overview on the Origin of Polymer Science and Synthesis of Polyamides and Polyesters” of the book Biodegradable Polyesters: Synthesis, Properties, Applications by Chi Zhang describes the opposition to crediting Staudinger with the discovery of high molecular weight compounds. The book details Zhang’s research and the scientific evidence that he used to verify the existence of polymers. (https://application.wiley-vch.de/books/sample/3527330860_c01.pdf)



Chemistry of polyethylene

	This site contains a fairly complete table of the physical and chemical properties of LDPE and HDPE. The values and descriptions are in two side-by-side columns for easy comparison. (http://www.ausetute.com.au/polythen.html)

	In this article, the various polyethylenes are listed, with a discussion about the difference between them. The material is easy to read and use as a quick guide.
(http://www.usplastic.com/knowledgebase/article.aspx?contentkey=508)

Chemistry of polyethylene production

	Braskem, a major Brazilian ethanol producer, is becoming a leader in the production of bio-based ethene from sugar cane, for use in the production of polyethylene. The ethanol is dehydrated and heated with either concentrated sulfuric acid or a catalyst to crack the material and yield ethene molecules. This article in Ethanol Producer magazine discusses other Brazilian projects and provides their own market analysis of the Braskem project. (http://www.ethanolproducer.com/articles/8617/feeding-the-chemical-market)

	Karl Ziegler was determined to make HDPE at atmospheric pressure. He succeeded, but questions still remain about the mechanism of his catalytic conversion, such as: “Where is the active site located?” This article contains clear diagrams along with suggested explanations. (http://wwwcourses.sens.buffalo.edu/ce435/Polyethylene/CE435Kevin.htm)

	New metallocene/methylaluminoxane (MAO) catalysts must be very specific in structure to produce polymers with the correct stereo characteristics to work well with co-polymers in the production of long-lasting materials. This paper, “The Influence of Ziegler-Natta and Metallocene Catalysts on Polyolefin Structure, Properties, and Processing Ability” published in the journal Materials discusses the history of catalysis in the polymer industry, proposed catalytic mechanisms, and world use. There is open-access to the entire paper. (http://repository.um.edu.my/93175/1/materials-07-05069.pdf)

Polymer chemistry, by resin numbers

	The American Chemistry Council (ACC) has prepared an excellent, comprehensive table by resin numbers, “Plastic Packaging Resins”. This table includes the following information for each number: Descriptions, Properties, Product Applications and Products made with Recycled Content. This might provide an excellent reference for student projects. (https://plastics.americanchemistry.com/Plastic-Resin-Codes-PDF/)

	In addition to some technical information about polymerization, this site has a nice table of some “Common Addition Polymers” that includes structural formulas for the monomers, properties and uses. This chart contains many polymers not listed on the RIC 1-6 codes. (https://www2.chemistry.msu.edu/faculty/reusch/virttxtjml/polymers.htm)



Collection and recycling PE bags

	This Smithsonian magazine article discusses the problems that occur when PE films and garbage bags enter single-stream recycling processes. They clog recycling machinery, contaminate bales of recyclables and are wind driven from landfills to waterways. (http://www.smithsonianmag.com/science-nature/recycling-you-may-be-doing-it-wrong-180951192/)

	In January 2016 the “2014 National Postconsumer Plastic Bag & Film Recycling Report” was prepared for the ACC. Postconsumer refers to materials that have undergone their intended use and have been discarded or sent for recycling. The report includes nice graphs of the amount and types of thin film recovered and recommendations for increasing the recovery of recyclable thin PE film. (https://plastics.americanchemistry.com/Education-Resources/Publications/2014-National-Postconsumer-Plastic-Bag-Film-Recycling-Report.pdf)

	The single-stream collection process for Boulder County, Colorado is discussed on this Web site. To encourage people to recycle, they stress the ease of collection when following the county procedures. This includes a description of the items that are recyclable by the process used. They also have a list of frequently asked questions (FAQs) about the process. (http://www.ecocycle.org/recycle-compost-reuse)

	A detailed presentation of the U.S. collaborations and goals of the WRAP (Waste and Resources Action Programme) is presented here. This site includes descriptions of thin film materials that can be placed in store drop-off bins. The benefits of this sustainable program include: decrease in disposal rates, reduction of environmental impacts and methods to increase stakeholder capacity. (https://www.americanchemistry.com/Media/PressReleasesTranscripts/ACC-news-releases/US-EPA-and-ACC-Partner-to-Promote-Sustainable-Materials-Management.html)

	This site describes the WRAP program for recycling thin film. A map of U.S. WRAP sites is shown. (http://www.plasticfilmrecycling.org/wrap/wrap-1.html)

	The “Sustainable Businesses” site discusses the benefits and drawbacks of dual-stream recycling. In addition, the article provides a comparison of the single and dual-stream processes. (https://www.thebalance.com/dual-stream-recycling-2877730)

	The Novolex Web site discusses how they maintain quality and make a profit by collecting at grocery stores and selling recycled bags. They also work on educating the public about the importance of the specialized collection/recycle program. (http://novolex.com/news-updates/thats-a-wrap)

Environmental concerns

	This site discusses concerns about toxic chemicals that can be absorbed by plastic ocean debris, and their effect on human health. At the end of the article, seven references for more information are given, with easy access by a “click” on the name of the topic. (http://serc.carleton.edu/NAGTWorkshops/health/case_studies/plastics.html)

	An article published in the journal Science describes studies on baby perch that demonstrate a preference for a diet of plastic over natural plankton. Airborne microplastic fibers may also contribute to air pollution and respiratory diseases in humans. This site contains details of the study: (http://www.independent.co.uk/news/science/fish-microplastic-microbeads-perch-pike-food-marine-pollution-a7063161.html)

Possible solutions

	Biodegradable bags

	As reported in Smithsonian Magazine, Blair, Nebraska’s Nature Works is the largest lactic acid production plant in the world. In 2008 Wal-Mart decided to counter criticism about the company’s environmental irresponsibility. They began “moving toward zero waste” by using PLA containers. (http://www.smithsonianmag.com/science-nature/corn-plastic-to-the-rescue-126404720/)

	Photodegradable/oxodegradable bags

	The city of Portland, Oregon requested a study by the Pacific Northwest Pollution Prevention Resource Center of the benefits and drawbacks of oxodegradable bags. They provided thorough answers to questions from the city. This, for example, led to correction of manufacturers’ promotions that advertise an 18- to 24-month decomposition time for the bags. The estimation of a very short decomposition time period relied on a microbe-rich, hot and arid environment. These conditions are not present in rainy Portland. (http://pprc.org/index.php/2012/p2-rapid/oxo-degradable-bags/)

	A paper published in the July 2016 issue of Materials Research discusses work and cites research data on the “Effect of Metal Acetylacetonates on the Photooxidative Destruction of High Density Polyethylene” used as photodestructing additives to HDPE resins. Scientists used the pro-oxidants cobalt(III) acetylacetonate and manganese(II) acetylacetonate. The acetonate anion, CH3COCHCOCH− contains the oxygen required for aerobic biodegradation following exposure to UV radiation. (http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1516-14392016000400901)

	Reusable bags

	There have been several news reports of human poisoning from bacteria, mold and viruses growing in reusable grocery bags. This news article describes a Noro virus outbreak among middle school soccer players in the state of Washington that was linked to a dirty reusable grocery bag. (http://www.theblaze.com/news/2012/05/09/scientists-link-stomach-flu-outbreak-to-reusable-shopping-bag/)

	Bag bans

	This site provides a complete list of worldwide bans of HDPE single-use grocery bags. The list can be accessed by country or state. For example if you “click” on U.S. a list will show the legislation for each municipality or territory with the effective date and details of implementation. The list also includes all foreign countries that have issued bans. (https://en.wikipedia.org/wiki/Phase-out_of_lightweight_plastic_bags#United_States)

	This site contains a U.S. map which allows you to just plug in your state or zip code and grocery bag regulations will be shown. (http://novolex.com/bag-legislation)

[bookmark: _Toc478389348]General Web References (Web information not solely related to article topic)

	The “Polymer Properties Data Base” is a fairly extensive information trove about polymers and their properties. If you want to know the basics about polymers, this should give it to you. The site is arranged according to polymer chemistry and polymer physics. The data is alphabetized by polymer topics and key words. For example, a click on “A” reaches a list of choices that include adhesion forces, apparent viscosity and the Arrhenius Equation. The database was composed as an introduction (less detailed than textbooks) to the physical structure and properties of polymers. It is easy to use and provides an excellent source of reference for polymer topics. (http://polymerdatabase.com/polymer%20physics/pp%20index.html)



[bookmark: _Toc478389349]Espresso, Café Latte, Cappuccino… A Complex Brew
[bookmark: _Toc478389350]Background Information (teacher information)

History of coffee

	The coffee tree is native to the Horn of Africa on the shores of the Red Sea. The earliest history of the use of the cherries (also known as berries) from the tree being used for food date back to 600 AD. At this time, the cherries were ground up and mixed with animal fat. The mixture was said to give warriors the needed energy for battle (the original power bar). One popular legend of the discovery of coffee tells of a goat herder named Kaldi who noticed his herd became friskier than usual after eating the berries from a wild shrub. Out of curiosity he tasted the berries and was delighted by the effects. He shared his discovery with some nearby monks who decided to investigate the properties of the coffee berries. (The first food chemists?) They boiled the coffee beans to make a tea-like beverage that helped them stay awake during prayers and vigils.

	Around 1000 AD, Ethiopians used the coffee cherries to make a sort of wine. Through the earliest reports, the beverage was used for medicinal purposes and to enhance concentration during prayers. It wasn’t until the 1300s that people started roasting the coffee beans (the cherry’s seeds) to make a beverage. In the 1500s Turkish coffee was developed. The coffee beans were deeply roasted, finely ground to a powder, and mixed with hot water. The undissolved solids sank to the bottom of the cup and the supernatant liquid was consumed, leaving a pattern of grounds behind in the cup. (Today in Turkey you can have your coffee ground patterns interpreted by a fortune teller.) At first a drink for palace royalty, it soon became a beverage of the public as well, sold in coffee houses that became popular meeting places. Merchants visiting Constantinople returned to their respective countries with tales of this new drink. The establishment of the first coffee house in Venice in 1645 had a rippling effect, and by the end of the 17th century, there were coffee houses throughout Europe.

Cultivation of coffee spread throughout the Arabian Peninsula. Yemen’s climate and fertile soil offered the ideal conditions for growing coffee. It is felt that coffee as a beverage was further developed there. The exportation of coffee beans was highly controlled. Only after the beans were rendered infertile by either parching or boiling were they exported, thus preventing the spread of coffee plantations in other parts of the world and maintaining their tight grip on the industry. In the early 1600s, an Indian pilgrim, Baba Budan, strapped some fertile seeds to his abdomen as he left Mecca. On returning to India, he planted the seeds and started the expansion of the coffee industry. The Dutch were the first to start a plantation in their colonies in Indonesia. Dutch royalty gave coffee saplings to the royalty of other countries as a gift, and the race was on for each country to establish its own source of coffee beans. The Dutch established plantations in Sri Lanka, Ceylon, and Java. The French began growing coffee in the Caribbean. The Spanish planted coffee in South America, and the Portuguese started their plantations in Brazil.

While coffee houses were gaining popularity in Europe they were not always welcomed, particularly in those countries where women were not allowed in. German women were allowed in the coffee houses in that country, but English women were not allowed into English coffee houses. The anonymous 1674 “Women’s Petition Against Coffee” declared: “the Excessive Use of that Newfangled, Abominable, Heathenish Liquor called COFFEE ...has ... Eunucht our Husbands, and Crippled our more kind Gallants, that they are become as Impotent, as Age.” (https://en.wikipedia.org/wiki/History_of_coffee)

Sometimes there was entertainment in the coffee houses. Johann Sebastian Bach wrote a Coffee Cantata around 1735 that has a humorous dialog between a father and his coffee drinking daughter that was probably performed in a coffee house. The father is upset that his daughter drinks coffee and desperately wants her to stop. He scolds her and bribes her, to no avail. Finally, she tells him if he will find her a husband she will stop drinking coffee. As she meets with her suitors, she tells them in secret that they must let her drink coffee.

Even though there were coffee houses in what would become the United States (e.g., The King’s Arms, established in 1696), coffee was not a popular drink here. Tea was the beverage of choice, as coffee was more expensive and seen as medicinal. However, after the Boston Tea Party in 1773, switching from tea to coffee became something of a patriotic duty. By 1920, around half of all coffee produced worldwide was consumed in the U.S.

	As the coffee drink migrated from Turkey to various countries, different methods of preparation evolved. In the early 1700s, the French put solid beans in cloth bags and boiled them. In 1750, they used a drip pot method where hot water was poured over grounds and collected in a separate pot. In the early 1800s, an American-born British physicist invented the coffee percolator. But it is the Italians who gave us espresso. In 1884 in Turin, Italy, Angelo Moriondo invented the espresso machine. In Moriando’s machine, near boiling water was forced through densely packed, finely ground coffee under very high pressure. In this way, the flavor is quickly extracted from the coffee, and not directly brewed out of it. It was called espresso because the process was fast. Improvements were made to the machine by Luigi Bezzera, a mechanic in Milan whose patents were later purchased by Desiderio Pavoni. Pavoni founded the La Pavoni Company to build commercial espresso machines at a rate of one per day. Espresso is now enjoyed throughout the world.
(http://www.thecoffeebrewers.com/about-demitasse-spoons.html)

Coffee trees and their fruit

	The coffee plant is a member of the family Rubiaceae and is actually an evergreen tree that is a tropical relative to the gardenia. Commercially grown coffee trees are generally trimmed to a shrub in order to increase fruit productivity and to make harvesting easier. There are four species of the tree that are used to produce commercial coffee. These are Coffea arabica, Coffea canephora or robusta, Coffea liberica, and Coffea excelsa. The Philippines is one of the few countries that has grown all four varieties. The two varieties that are used to produce practically all of the commercially traded coffee are C. arabica and C. canephora. Two thirds of the coffee in commercial trade is from the arabica variety. Coffee made from arabica beans is smoother, more flavorful, and less bitter. Robusta is more bitter due to its higher percentage of caffeine and phenolic compounds, and the fact that it contains less sugar. It is often used for darker roasts like those for espresso or in blends.



	Substance
	Coffea arabica
	Coffea canephora (robusta)

	Caffeine
	<1.5%
	2.5%

	Phenolic compounds
	6.5%
	10%

	Oil
	16%
	10%

	Sugar
	7%
	3.5%

	Protein
	10–13%
	10–13%




Content of the two major types of coffee

(Data taken from McGee, H. On Food and Cooking: The Science and Lore of the Kitchen; Scribner: New York, NY, 2004; p 442, http://www.wtf.tw/ref/mcgee.pdf)

Coffee plants grow within a defined area between the Tropic of Cancer and the Tropic of Capricorn. They are not tolerant of cold temperatures. A mild frost can kill the blossoms, thus destroying the harvest for one year. A harder frost will kill the entire tree. The map below illustrates where and what variety of coffee is grown.

[image: C:\Users\Owner\AppData\Local\Microsoft\Windows\INetCacheContent.Word\Map of coffee growth..png]
	(https://en.wikipedia.org/wiki/Coffee)

Coffea arabica naturally grows to 15 feet (5 m) and is native to the cool highlands of Ethiopia and Sudan. This variety is typically grown at an altitude of 2,000 to 6,000 ft. above sea level. It is self-pollinating and produces seedlings with little variation from the parent. The cherries produced by the arabica trees ripen in 6 to 8 months. Only in Colombia do the coffee plants produce two crops annually, though one is larger than the other. Arabica trees are cultivated in Latin America, East Africa, and Asia.

Coffea robusta is a larger tree growing to a height of 33 ft. (10 m) and is native to the lower altitude and hotter, more humid West Africa. This variety is typically grown at an altitude of 600 to 2,400 ft. above sea level. It is not self-pollinating and requires outcrossing (flowers must be fertilized with pollen from another tree). Therefore, the most common method of propagation for this plant is cuttings, grafting, or budding.
The cherries produced by the robusta trees ripen between 9 to 11 months. Robusta trees 
are grown in central Africa, Southeast Asia, and Brazil. These trees are generally more 
disease-resistant than the arabicas. The fruit of these trees has a higher caffeine content, which is toxic to insects. Since the robustas grow in a climate with more insects, it is hypothesized that the varieties with greater concentrations of caffeine were naturally selected. The arabicas grow in higher altitudes where there are fewer insects. There was no environmental push for these plants to be selected for survival due to their caffeine content, so it is lower than the robustas.

	The fruit of the coffee tree is referred to as a cherry. They occur in large clusters, which start out green and slowly ripen, turning yellow then red. While some are strip harvested, either by hand or mechanically, the finest coffees are hand-picked when the cherries are red. The seed inside the cherry is what will eventually be processed and roasted for your morning cup of coffee (see illustration below).

The coffee cherry's outer skin is called the exocarp. Beneath it is the mesocarp, a thin layer of pulp, followed by a slimy layer called the parenchyma. The beans themselves are covered in a paper-like envelope named the endocarp, more commonly referred to as the parchment.The coffee “cherry”

(http://www.ncausa.org/About-Coffee/What-is-Coffee)


Inside the parchment, side-by-side, lie two beans, each covered separately by yet another thin membrane. The biological name for this seed skin is the spermoderm, but it is generally referred to in the coffee trade as the silver skin.

In about 5% of the world's coffee, there is only one bean inside the cherry. This is called a peaberry (or a caracol, or "snail" in Spanish), and it is a natural mutation. Some people believe that peaberries are actually sweeter and more flavorful than standard beans, so they are sometimes manually sorted out for special sale.

(http://www.ncausa.org/About-Coffee/What-is-Coffee)

After the cherries are harvested, they are either wet processed or dry processed. The wet process involves immediately removing the outer skin and pulp and then washing the beans before they are set out to dry. In the dry process, the pulp and outer skin are dried until they fall off of the bean. In both processes, the parchment hull is removed and the silver skin is left intact before roasting. The same process can be used for either arabica or robusta varieties.

Coffee beans are generally exported green to be roasted on location. Coffee is second only to oil as the most valuable legally traded commodity in the world. Brazil is the world’s top producer of coffee, followed by Viet Nam which produces robusta beans, and third, Colombia, which only grows arabica beans. The world’s top 10 coffee producers are listed in the table below.
[image: C:\Users\Owner\AppData\Local\Microsoft\Windows\INetCacheContent.Word\Chart on coffee exports.png]
(https://en.wikipedia.org/wiki/Coffee)

Roasting and its chemical reactions

	Roasting is the processing step of the coffee bean that will determine the flavor and color of the final product, by changing the bean both chemically and physically. Roasting takes place between 375–425 °F, or 190–220 °C. Beans are placed in a preheated roasting oven that gently tumbles the beans as they are being roasted. Beans absorb heat from the oven during the first phase of what is an endothermic stage of roasting. During this phase the internal pressure in the beans increases, as their water content is converted to steam. The beans crack (“first crack”) or pop as they double in volume and lose 5% of their weight. At this stage the beans are light brown or cinnamon colored, as chemical reactions begin to take place within the bean.



[image: ]	During the next two to three minutes of roasting, the beans will continue to lose weight, due to the formation of gaseous decomposition products formed during pyrolysis. The color changes from sienna to chestnut brown. Light roasts may be stopped at this point.

	As roasting continues at higher temperatures, proteins, sugars, carbohydrates, and phenolic compounds fragment and begin reacting with each other in reactions that are exothermic. At this stage the beans suddenly expend heat and emit a crackling sound called the “second crack”. At 205 °C or 401 °F, lots of CO2 is produced, driving oils from inside the bean to the surface and giving the beans an oily sheen. Oils like caffeol, largely responsible for coffee’s aroma and flavor, form as a result of the Maillard and pyrolytic reactions. The bean color turns a rich chestnut. At this stage, the full flavor potential of the bean is reached. Roasting well into the second crack or darker is not favorable since the volatile aromatic compounds are stripped off, and oils on the outside of the bean are more easily oxidized.

Further processing causes the sugars that have been caramelized to burn and turn to carbon. This produces the dark color and charred, smoky flavor that is associated with the Italian and French roasts. In these roasts, you mainly taste the roast and not the chemistry of the bean. As soon as the bean has reached the desired roast, the beans are emptied into a cylindrical cooling tray, where a mechanical sweep keeps them moving so they are evenly exposed to air, in order to stop the roasting process.

(https://nationalcoffeeblog.org/2015/11/19/a-guide-to-roasting-types/)

The Maillard reaction

During roasting, carbohydrates and proteins combine in what may be one of the most important reactions for heat processed foods—the Maillard reaction, discovered by a French chemist in 1910. As temperatures reach 150 °C, free proteins or amino acids in coffee combine with sugars, resulting in the formation of hundreds of important aromatic compounds, such as pyrazines and pyridines. These aromatic compounds are responsible for the distinct maize/nutty/roasty aromas found in coffee. The reaction also leads to the formation of the brown-colored melanoidins that are responsible for coffee’s color.

The Maillard reaction can be broken down into three main steps. First, the reactive carbonyl group of the sugar reacts with the amino group of the amino acid, producing 
N-substituted glycosylamine and water. Second, the unstable glycosylamine undergoes Amadori rearrangement forming ketosamines. Third, the ketosamines react further in multiple ways to produce a range of different products, which themselves can react further. Toasty flavored pyrazines, nutty tasting pyroles, caramel tasting furanones, furans with their meaty taste, nutty flavored oxazoles and bitter or burnt tasting alkylpyridines are some of the products of this reaction. Melanoidins, which are responsible for a brown color are also produced. This process is favored in the coffee beans’ alkaline environment, where the amino groups will not be neutralized.

[bookmark: _1y810tw]“A Guide to the Maillard Reaction”, using structural formulas, can be viewed here: http://compoundchem.com/wp-content/uploads/2015/01/The-Maillard-Reaction.pdf.

[image: ]

A graphic depiction of the Maillard reaction

(http://blog.ioanacolor.com/wp-content/uploads/2011/06/ioana_top-chef-masters_science_maillard-reaction.jpg)

Caramelization

Caramelization is the decomposition of carbohydrates, such as sucrose, into smaller molecules. In the case of sucrose, the products are fructose and glucose. These sugars further decompose into smaller molecules and fragments that can combine in a variety of different compounds. These compounds give the final product a brown color and a different flavor.

A significant portion of coffee’s acidity comes from the caramelization of carbohydrates, primarily sucrose, to form smaller fragments of acetic, formic, glycolic, and lactic acids. Phytic acid, present in the bean originally, is thermally decomposed to phosphoric acid. The amount of sugar present in the bean originally and the degree of roast help determine the acidity of the final beverage.

Caramelization reactions are sensitive to the chemical environment. By controlling the level of acidity (pH) the reaction rate (or the temperature at which the reaction occurs readily) can be altered. The rate of caramelization is generally lowest at near-neutral acidity (pH around 7), and accelerated under both acidic (especially below 3) and basic (especially pH above 9) conditions.

[bookmark: _z337ya](https://en.wikipedia.org/wiki/caramelization)

The flavor of the caramel can change, depending on the combination of products that are formed in the cascade of reactions.

[image: ](https://bondingwithfood.files.wordpress.com/2012/02/chem2.gif)

	Pyrolysis

	Pyrolysis is a decomposition reaction that is thermally initiated in the absence of oxygen. Large polymer molecules like lipids and some carbohydrates, when heated, are broken into smaller molecules. An example of this is the pyrolytic cracking of long-chain hydrocarbons in crude oil to produce gasoline and other smaller hydrocarbons. In the coffee bean, some of the fats within the bean are converted to aromatic oils, while the gaseous products like CO, CO2, and water that are formed in these reactions are burnt off during roasting. These new aromatic oils are responsible for much of the flavor and aroma of roasted coffee. An example of a pyrolytic reaction involving an organic polymer is illustrated below.

	[image: ]

Pyrolysis products of an organic polymer

(http://pyrolysisplant.com/what-is-pyrolysis/)

Compounds found in coffee

	Alkaloids—caffeine and trigonelline

[image: ]	[image: ]

(https://www.coffeechemistry.com/send/6-published-articles/22-the-chemistry-of-coffee)

Though not the most abundant compound in the bean, the alkaloid caffeine is the compound that gives coffee its energetic effects. It is extremely soluble, as 95% of caffeine in the coffee grounds is released from the bean during the first minute of brewing. Caffeine sublimes at 178 °C but is able to withstand roasting, due to the other chemicals in the beans with which it is complexed. Some of the effects of caffeine in one or two cups of coffee on the human body are:
· stimulates the central nervous system
· relieves drowsiness and fatigue
· imparts quicker reaction times
· increases energy production in muscles
· improves mood and mental performance
· can produce an abnormally fast heartbeat	
· speeds the loss of calcium from bones
· promotes the movement of fluid and solid wastes through the body

In greater amounts, caffeine can cause chronic anxiety, insomnia, twitching muscles, and diarrhea. Toxic effects appear after about 10 cups of strong coffee, and in enormous doses caffeine is deadly. The lethal dose of caffeine in humans is estimated at about ten grams, or the equivalent of consuming 100 cups of coffee in one sitting.

According to an article in the Journal of the American Dietetic Association, coffee has the following caffeine content, depending on how it is prepared:

	
	Serving size
	Caffeine content

	Brewed
	7 oz., 207 mL
	80–135 mg

	Drip
	7 oz., 207 mL
	115–175 mg

	Espresso
	1.5–2 oz., 45–60 mL
	100 mg



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

	The lesser known alkaloid in coffee is trigonelline. Although its concentration is slightly less than that of caffeine, trigonelline is responsible for many of the compounds that give coffee its flavor and aroma. Unlike caffeine, trigonelline readily decomposes during roasting, when the temperatures approach 160 °C. At this temperature, studies have shown that 60% of the initial trigonelline is decomposed during pyrolysis to form carbon dioxide, water and aromatic compounds called pyridines. Pyridines have the greatest aromatic contribution and are responsible for the distinct nutty/roasty aromas found in coffee. Trigonelline and the pyridine products of pyrolysis are included in the figure below.

[image: ]
	
(http://pubs.acs.org/doi/pdfplus/10.1021/jf5008538)

	Chlorogenic acids

	Chlorogenic acid is the major polyphenolic compound in coffee, making up 12% of the weight of the raw bean. This compound, long known as an antioxidant, slows the release of glucose into the bloodstream after a meal. This could be one of the compounds that explains how drinking coffee provides some protection against developing type 2 diabetes. During roasting, unlike caffeine, chlorogenic acids readily hydrolyze to form free phenolic acids like quinic acid and caffeic acid. Chlorogenic acid can also dehydrate to form the bitter tasting chlorogenic lactones. Upon further roasting, these lactones break down through multiple steps to form multiply hydroxylated phenylindanes which yield a lingering, harsh type of bitter sensation in coffee taste. The quinic acid that is formed can isomerize to form quinide. It is this form of quinide that can hydrolyze back into quinic acid as it is exposed to hot water during brewing, increasing the overall acidity of the final beverage. This also explains why coffee becomes more acidic the longer it is held at high temperatures for serving.
[image: ]

The dehydration of 5-O-Caffeoylquinc acid (chlorogenic acid) to produce lactones and phenylindanes

(http://pubs.acs.org/doi/pdf/10.1021/cen-v085n038.p032)

[image: ] [image: ] [image: ]Other products of the roasting of coffee

(https://www.coffeechemistry.com/send/6-published-articles/19-organic-acids-revisited)


	Organic acids

	 The acid profile of a coffee is like a fingerprint. The origin of the coffee can be confirmed by using its unique acid profile. The specific acids present, as well as their quantity, is part genetics and part environment. Coffea arabica beans contain more sugars and less acid than Coffea robusta. Arabica beans are grown at higher elevation and cooler temperatures. Coffee scientist Joseph Rivera states that “at cooler temperatures reaction rates decrease and the plant effectively has more ‘time’ to pack nutrients and sugars into the beans”. (https://www.coffeechemistry.com/send/6-published-articles/20-alchemy-in-the-roasting-lab-part-1) Altitude, temperature, and humidity all are factors in the acid profile.

Maturity of the bean when it is harvested is also important. Beans that are picked before the fruit is ripe will have more acid and little sugar. With these beans, the best thing to do is make French roast (burn them). The best roast for enjoying a coffee’s unique acid profile is a light or medium roast. In the darker roasts, many of the acids have just been reduced to charred carbon.

Some acids, such as citric, malic, phytic, and chlorogenic, are contained in the raw bean before roasting, while others, such as acetic acid and quinic acid are the product of the pyrolytic reactions that occur during roasting. There are more than 30 organic acids in a cup of coffee. Which ones and their quantities depend of the bean and on the roast. The most abundant acids in coffee, in increasing order, are:
· Phosphoric
· Malic
· Lactic
· Acetic
· Citric
· Quinic
· Chlorogenic

Phosphoric acid is not an organic acid but is still present in coffee. It is formed by the decomposition of phytic acid and withstands further decomposition in the high heat of roasting. In fact, the darker the roast the higher the concentration of phosphoric acid becomes.
(https://www.coffeechemistry.com/send/6-published-articles/20-alchemy-in-the-roasting-lab-part-1)

Brewing coffee for espresso drinks

	Principles of mixtures, solubility, reaction rates, entropy, and gases are all incorporated in brewing a cup of espresso. A cup of coffee is a mixture. If it has been made by a filter method, with no undissolved solids present, then it is a homogeneous mixture, or true solution. It if is like Turkish coffee, with a lot of undissolved solids settled to the bottom of the cup, then your drink is a heterogeneous mixture or a suspension. If you add milk, you are adding a colloid.

In regards to solubility, temperature affects the number of solids that will dissolve, as well as what reactions will occur, and how fast they will happen. The optimum temperature for brewing coffee is between 88–93 °C, or 190–200 °F. Temperatures higher than this extract bitter compounds too quickly. At temperatures lower than 88 °C, fewer of the compounds that give coffee its flavor will be dissolved. Which compounds dissolve and their final concentration depend on the type of coffee, the amount used, the amount of water added, the particle size of the grounds, and the length of time the grounds are in contact with the water.

The best water to use in making coffee is one with a moderate mineral content with a near neutral pH, so that the final brew will have a pH close to 5. Some tap water is alkaline because water treatment plants adjust the pH to a value close to 8 in order to protect the water pipes. To decrease the pH of the alkaline tap water, a pinch of cream of tartar can be added to slightly lower the pH. Distilled water should not be used to brew coffee, because it makes a brew that tastes flat. Hard water also should not be used, as the CaCO3 and MgCO3 slow down flavor extraction. They also clog the pipes of the espresso machine. Softened water over-extracts coffee and imparts a salty flavor.

Once the water is heated, it is forced though very finely ground dark roasted coffee grounds at 9 atm of pressure in 30 seconds. Espresso uses a dark roast, either French or Italian. Lighter roasts have a higher acid content that will lead to a very acidic final product. Three to four times more finely ground coffee is used in making each cup of espresso. Because it is so concentrated, it is served in small portions. The amount of caffeine in one serving of espresso is actually less than that in a serving of regular filtered coffee primarily because a serving of espresso is 45–60 mL while a regular coffee is 210 mL. However, if you compare concentrations, regular coffee has 40 mg/100 g of caffeine while espresso has 212mg/100g of caffeine; plus, espresso contains magnesium, B vitamins, niacin, and riboflavin, due to the coffee solids that are present.

High pressure forces more oils from the beans to form a creamy emulsion of oil droplets that contribute to a slow, prolonged release of coffee flavor in the mouth. Harold McGee, in his book On Food and Cooking, the Science and Lore of the Kitchen, describes this crema.

Another unique feature of espresso is the crema, the remarkably stable, creamy foam that develops from the brew and covers its surface. It’s the product of carbon dioxide gas still trapped in the ground coffee, and the mixture of dissolved and suspended carbohydrates, proteins, phenolic materials, and large pigment aggregates, all of which bond in one way or another to each other and hold the bubble walls together.

(McGee, H. On Food and Cooking: The Science and Lore of the Kitchen; Scribner: New York, NY, 2004; p 447, http://www.wtf.tw/ref/mcgee.pdf)

Cappuccinos and lattes start with one or two shots of espresso and add steamed or foamed milk. A cappuccino is made using 1/3 espresso, 1/3 steamed milk, and 1/3 foamed milk, while a latte uses 1/6 espresso, 4/6 steamed milk, and 1/6 foamed milk. The milk provides proteins that bind to the tannic phenolic compounds, which weaken the aroma and overall coffee flavor. This could be why lattes are so popular among the high school set.

Milk adds another sugar and more proteins and fat to the drink. Lactose is a disaccharide (glucose and galactose), but it is not as sweet as sucrose, probably because it is less soluble. On a scale of relative sweetness, sucrose is 100, while lactose is 16. By heating the milk, the lactose is rendered more soluble and the warm milk will taste sweeter than cool milk. Milk is composed of two proteins. Casein comprises 80% of milk protein. The casein helps create walls around the steamed air bubbles. The other 20% of milk protein is whey, which stabilizes the foam. The relationship of fat and protein impacts how easily the milk will foam. Increases in milk fat up to 5% causes a decrease in foam volume. Therefore, skim milk is the easiest to foam, but 2% or whole milk will give the drink a velvety feel in the mouth. Milk fat greater than 5% increases both foam volume and stability. Regardless of which milk is used, it should be cold at the beginning and steamed in a clean cold pitcher.

Coffee and health

	There have been countless studies to try to determine the long-term effects of drinking coffee. From time to time, a singular study may report on the ill effects of coffee, but the overall research finds that coffee may actually provide protection from various diseases. As there are nearly 1,000 compounds in coffee, it is not safe to assume that the observed effects are due to one single compound like caffeine, but they may actually be due to a combination of compounds. A 2015 article in the New York Times reported on several meta-analysis studies on the effects of coffee consumption on various illnesses. Healthy Fellow, a Web site that promotes individual wellness by passing along evidence-based natural health information, reported on several studies concerning skeletal health. They used articles published in reputable sources like PubMed, Clinical Chemistry, and Journal of Nutrition. Several studies investigating the health effects of coffee were also cited in an article published in The Atlantic. Following is a table that compiles the reports in these resources:

	Date
	Disease
	Sample Size
	Findings

	2011
	Stroke
	480,000
	Lower risk of disease for moderate coffee consumption

	2012
	Heart Failure
	140,220
	Lower risk of disease for moderate coffee consumption. Lowest for the 4 cups a day group

	
	Cardiovascular Disease
	1,270,000
	Lowest risk in the group consuming 3-5 cups of coffee a day

	2007
	Liver Cancer
	241,410
	Moderate coffee consumption resulted in a 40% lower risk

	2010
	Prostate Cancer
	
	No effect detected

	
	Breast Cancer
	
	No effect detected

	
	Lung Cancer
	
	Increased risk with more coffee consumption

	
	Liver Disease
	
	Decreased progression to cirrhosis seen among moderate coffee drinkers

	
	Parkinson’s disease
	
	Slower cognitive decline among moderate coffee consumption

	2014
	Type II Diabetes
	1,100,000
	8% lower risk in women coffee drinkers, 4% lower risk in men coffee drinkers, 7% lower risk for decaffeinated coffee drinkers

	
	Osteoporosis
	
	Increased risk of bone degeneration in select populations

	2012
	Death
	1,000,000
	Higher coffee consumption was associated with lower risk of death



A summary of reports showing findings of studies relating health concerns to drinking coffee

(http://www.healthyfellow.com/771/coffee-calcium-controversy/)

(https://www.theatlantic.com/health/archive/2012/11/the-case-for-drinking-as-much-coffee-as-you-like/265693/)

(https://www.nytimes.com/2015/05/12/upshot/more-consensus-on-coffees-benefits-than-you-might-think.html)

For the first time, the latest (2015) USDA diet guideline gives the go-ahead on drinking coffee and says it might be good for you. This is an excerpt from the “Scientific Report of the 2015 Dietary Guidelines Advisory Committee”:

Currently, strong evidence shows that consumption of coffee within the moderate range (3 to 5 cups per day or up to 400 mg/d caffeine) is not associated with increased long-term health risks among healthy individuals. In fact, consistent evidence indicates that coffee consumption is associated with reduced risk of type 2 diabetes and cardiovascular disease in healthy adults. Moreover, moderate evidence shows a protective association between coffee/caffeine intake and risk of Parkinson’s disease. Therefore, moderate coffee consumption can be incorporated into a healthy dietary pattern, along with other healthful behaviors.

(https://health.gov/dietaryguidelines/2015-scientific-report/10-chapter-5/d5-5.asp)

Black Ivory coffee

	The side bar in the article mentions some pretty expensive coffee for $70 a serving. This is an average. If you shop around you might be able to find it for $50 for four demitasse servings at The Elephant Story in Comfort, Texas. This is the only place outside of a 5-star hotel in Thailand where you can try it. The coffee is produced at the Golden Triangle Asian Elephant foundation in Thailand. Street rescued elephants are given refuge at the Golden Triangle elephant sanctuary, where they are fed a diet of Thai arabica coffee cherries. Enzymes in the elephant’s digestive system, coupled with fermentation, break down coffee proteins and other bitter compounds in the cherries. After the cherries have passed through the elephants’ digestive systems, local indigenous people named Mahouts, remove the coffee beans from the elephant dung. The beans are then washed and dried in the sun and later roasted. A percentage of the proceeds from the sale of the coffee is used for the elephants’ care. Thirty-three kg of coffee cherries are required for 1 kg of coffee. The elephants do not seem to be harmed by their diet. In fact, elephants in the wild have been killed for invading coffee plantations for the cherries.

	Black Ivory coffee probably was inspired by Kopi luwok coffee. Kopi luwok is coffee that is made from coffee beans that have passed through the digestive track of the cat-like palm civet. It, too, is very expensive, and this encouraged the growth of many backyard businesses. However, the industry is not very humane, as the civets are caged and often force-fed. The animals are susceptible to disease, and the wild civet population was threatened. Since the industry is not regulated, the same type of coffee beans is not necessarily used for all civets, giving a broad range of flavors for one specialty product.

	The history of Kopi luwok dates back to the 18th century Dutch colonists. Using arabica trees from Yemen, the Dutch started their first coffee plantation. Local natives were used to work the farms, but they were not allowed to take any of the coffee beans. Out of curiosity, the natives wondered about the Dutch beverage. They noticed that the native civets ate the coffee cherries, and the beans were present in their feces. The natives collected the “luwoks” coffee seed droppings, then cleaned, roasted, and ground them to make their own coffee beverage. The fame of the aromatic civet coffee spread to the Dutch plantation owners and soon became their favorite. It was expensive, even then. If you have ever seen “The Bucket List” with Jack Nicholson and Morgan Freeman, Kopi luwok is Jack’s favorite beverage.

Decaffeinated coffee

	Since 1903, when a boat shipment of coffee beans got soaked by salty seawater in transit to Germany, decaffeinated coffee has met the needs of people who enjoy the flavor of coffee but are sensitive to the effects of caffeine. After the German coffee merchant, Ludwig Roselius received the damaged beans, he went ahead and roasted them anyway and was pleased to find that the flavor of the resulting coffee was still the same, but he tested the coffee and discovered the caffeine was missing. He sold the coffee and marketed it as decaffeinated. He then developed and patented (1906) a method for decaffeinating coffee for future sales.

Today there are three methods that are used to decaffeinate coffee for commercial use. These are the Swiss water method, the solvent extraction method, and the supercritical CO2 method. These processes draw heavily on the concepts of solubility and osmosis to extract the caffeine. All three methods begin with green coffee beans that have been moistened at 
70–100 °C to make the caffeine soluble so it can be drawn out. Caffeine is polar and is extremely soluble in water. The idea behind these processes is to remove the caffeine, while leaving the sucrose, cellulose, proteins, and acids in the coffee beans in their original concentrations.

In the Swiss water processing, a bean solution is prepared by soaking the beans in water until everything that is soluble is drawn out of the bean. Next, this solution is passed through carbohydrate treated activated charcoal designed to selectively absorb caffeine. The caffeine free extract can then be used on a new batch of beans to selectively extract only the caffeine since all the other water soluble compounds in the bean will be in equilibrium with those same compounds present in the bean extract, utilizing the concepts of osmosis. The solution can be decaffeinated and used for multiple batches of beans. This method extracts 94–96% of the caffeine.

The second method of caffeine extraction involves using solvents like methylene chloride or ethyl acetate to specifically extract caffeine. The moistened beans are soaked in the solvent for several hours. After removal from the solvent, the beans are gently steamed to remove the solvent. The solvent can then be decaffeinated by passing through activated charcoal so it can be reused. This process removes 96–97% of the caffeine.

	Supercritical CO2 is used to selectively extract caffeine in the third method.

Supercritical carbon dioxide is a fluid state of carbon dioxide where it is held at or above its critical temperature and critical pressure.

Carbon dioxide usually behaves as a gas in air at standard temperature and pressure (STP), or as a solid called dry ice when frozen. If the temperature and pressure are both increased from STP to be at or above the critical point for carbon dioxide, it can adopt properties midway between a gas and a liquid. More specifically, it behaves as a supercritical fluid above its critical temperature (304.25 K, 31.10 °C, 87.98 °F) and critical pressure (72.9 atm, 7.39 MPa, 1,071 psi), expanding to fill its container like a gas but with a density like that of a liquid.

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

A large extraction vessel is used where supercritical CO2 is forced into the coffee at pressures of 1000 pounds per square inch. The caffeine is dissolved in the CO2 which can then be removed from the vessel where it is passed through charcoal filters to remove the caffeine, rendering the CO2 ready for reuse. This process typically removes 96–98% of the caffeine. This is the method that is used by large commercial processors for the decaffeinated coffee that is sold in the grocery stores. The benefit of using supercritical CO2 is its low toxicity, relative to other solvents used for caffeine extraction, and its low environmental impact.

	According to an article in Entrepreneur, coffee drinkers who prefer decaffeinated coffee may be true connoisseurs of coffee flavor.

… according to industry estimates, the decaf market account[s] for only 15-20% of all coffee sales, but within this small sector lies perhaps one of the most devoted coffee customers available. For this it is this consumer who seeks and consumes coffee, not for its stimulatory effects, but its pure sensorial pleasure. And from a biological perspective, preliminary data may prove that decaf consumers may consume even more coffee (per cup) than regular drinkers. Why? According to medical research, once a certain level of caffeine has been established in the blood, the desire to consume more coffee (ie. caffeine) quickly subsides. In the case of decaf, the reduced caffeine content in decaf coffee would theoretically allow them to consume more coffee than regular. The theory, which has prompted a handful of research institutions to develop varieties of coffee with lower caffeine producing traits, has yet to be seen, but the development does hold a promising future in terms of global coffee consumption.

(https://www.coffeechemistry.com/news/general/entrepreneur-magazine-covers-decaf-publication?highlight=WyJkZWNhZmZlaW5hdGVkIiwiZGVjYWZmZWluYXRpb24iLCJkZWNhZmZlaW5hdG9yIiwiY29mZmVlIiwiY29mZmVlJ3MiLCInY29mZmVlIiwiY29mZmVlcyIsIidjb2ZmZWUnLCIsImRlY2FmZmVpbmF0ZWQgY29mZmVlIl0)

[bookmark: _Toc478389351]Connections to Chemistry Concepts (for correlation to course curriculum)

1. Chemical reactions—The Maillard reaction, pyrolysis, and caramelization can be used as practical examples of chemical reactions.
2. Organic chemistry—While teaching about organic chemistry, the structures of caffeine, chlorogenic acid, and trigonelline can be used to illustrate various functional groups. Classes of compounds such as ketones and aldehydes are also illustrated here.
3. Acids and bases—The taste of coffee is due to the presence of acids and their ability to neutralize the bitter taste of the alkaloid compounds also present. This would be an excellent everyday example to use while talking about acid-base reactions.
4. Solubility—The amount of dissolved coffee solids in water determines coffee strength. This could be emphasized when teaching the factors that affect solubility.
5. Bonding and intermolecular forces—The aroma emitted from brewing coffee is due to volatile oils that readily turn to gas when the coffee is heated. This can be used as an example of heat overcoming the bonding forces in the molecules as they transition into the gaseous state.
6. States of matter—Coffee drinks can be used to illustrate the three main states of matter as well as provide examples for different types of mixtures.
7. Kinetics—When you are studying kinetics, coffee-making provides an excellent example of the factors that influence reaction rates, such as particle size, and temperature.
8. Properties of solutions—Solutions are supposed to be transparent and, most students believe, colorless. Coffee offers a great example of a colored solution.

[bookmark: _Toc478389352]Possible Student Misconceptions (to aid teacher in addressing misconceptions)

1. “Coffee can’t be a solution, because it is brown.” Students often think that if a solution is colored, it is not a true solution. They tend to equate clear or transparent and colorless as being the same thing. Coffee that has had any solids filtered out is a solution. When milk is added, the beverage becomes a homogenous mixture that could be classified as a colloid, the same as milk. Transition metal compounds dissolved in water offer another group of examples of colored solutions.
2. “Coffee is bad for your health. Research has proven it.” Some research has been published revealing deleterious effects of caffeine; however, most recent research has shown that, taken in moderation, coffee actually reduces the risks for heart disease, colon cancer, depression, type II diabetes, Parkinson’s disease, and even death itself.
3. “Energy drinks contain more caffeine than coffee.” An 8-ounce cup of brewed coffee contains an average of 100 mg of caffeine while the same amount of Red Bull has only 80 mg and a 12-ounce cola soft drink contains between 35 and 55 mg of caffeine. Energy drinks have other substances in them besides caffeine that may also contribute to the drink’s effects.

[bookmark: _Toc478389353]Anticipating Student Questions (answers to questions students might ask in class)

1. “Who would spend $70 for a cup of coffee that has been in elephant dung?” Black Ivory coffee is a luxury item that is sold for its novelty, as well as for the ritual of experiencing it. If you are near Comfort, Texas, you and three friends can try a small cup for $50. Some people would pay this amount just for the experience.
2. “Does adding milk to coffee affect the caffeine level in the blood?” The short answer is no. This is backed up by a report that appeared in the Journal of Nutrition. A summary of those findings is included below:

There isn’t a great deal of evidence in the scientific literature exploring the issue of coffee and cow’s milk interactions. By far, the best data currently available can be found in the February 2010 issue of the Journal of Nutrition. There, a pilot trial examined the absorption and retention of coffee-derived antioxidants in 9 healthy subjects. On separate occasions, the study participants were given different coffee preparations: a) instant coffee; b) instant coffee + 10% whole milk; c) instant coffee + nondairy creamer + sugar. All of the coffee beverages contained an identical amount of chlorogenic acid, one of the primary, health promoting phytochemicals contained in coffee.
· Blood samples were taken 12 hours after the consumption of each experimental drink.
· The testing looked for various, beneficial phytochemicals associated with coffee’s health effects.

The findings indicate that the addition of milk did not significantly alter “the overall bioavailability of coffee phenolic acids, whereas sugar and nondairy creamer” did affect the “maximum plasma concentrations or Cmax” and the retention of these select antioxidants or Tmax.

These results are largely consistent with several other laboratory studies conducted in animal and in-vitro models. To be clear, some research has shown that dairy protein (casein) does bind to antioxidants such as chlorogenic acid. But this interaction doesn’t appear to negatively affect total antioxidant capacity. This may partially have to do with a decoupling effect that naturally occurs during digestion.

(http://www.healthyfellow.com/607/coffee-milk-controversy/)
3. “Why does drinking coffee give you more energy and keep you from sleeping?” Caffeine has a similar structure to a neurotransmitter in the brain, called adenosine that is responsible for energy level. When it is removed from activity by adenosine receptors in the brain, the response is decreased energy and drowsiness. Caffeine has a similar molecular structure that can block the adenosine receptors, thus maintaining a higher circulatory level of adenosine. With more adenosine circulating, the body remains alert. Also, caffeine initiates some adrenalin release, which helps you feel a surge in energy. Third, caffeine causes the release of dopamine, another neurotransmitter that helps brighten your mood.
4. “Why are there two cracks that happen at two different temperatures when coffee is being roasted?” The first crack is the result of the moisture in the bean expanding and breaking the shell similar to popcorn. It is caused by the water being converted to steam, and the pressure that builds up finally ruptures its container. The second crack is caused by the second series of chemical reactions that are producing gaseous products. These, too, cause the bean to crack when the pressure builds up deep inside the bean.
5. “In the article, why do they say a cappuccino is stronger than a latte, if the two drinks have the same amount of coffee in them?” This is really a concentration issue. Though both drinks contain the same amount of coffee in them, the latte has more milk. This dilutes the coffee, making it less concentrated. It’s like when all the ice has melted in your Dr. Pepper, it doesn’t taste as “strong” (now less concentrated) as it did before the ice meltdown.

[bookmark: _Toc478389354]Activities

Labs and Demos

1. Separation of a mixture by distillation lab: A procedure complete with diagrams, questions, and notes to the instructor on this lab that uses coffee to introduce the techniques involved in using distillation to separate a mixture. Thorough lesson plans and a time line are provided. This would be a good lab to use while teaching solutions and mixtures. (https://www.researchgate.net/publication/283149887_coffee_distillation_procedure_and_lesson_plan)
2. Lab activity to extract fragrances from a variety of substances and classify the smells: The theme of this lesson is “How does a coffee bean become a cup of java?” This lab activity begins with a discussion about coffee and how coffee tasters judge coffee, based on smell and taste. The experiment guides students to extract fragrances from substances and then describe the smell of what they have extracted. This could be a fun activity performed in small groups, with their results shared out with the entire class. (www.reachoutMichigan.org/funexperiments/agesubject/lessons/newton/coffee.html)
3. Lab to determine how origin and roast affect coffee’s acidity: Students could explore the difference in acidity between coffees of different origins or roasts. They could design their own experiments, making sure to look out for variables to control and safety factors to consider. The pH testing should be done by a pH meter or probe, as the differences in pH between the different varieties may not be distinguishable with pH paper strips. Note that as an open-ended experiment, students may eventually find that their instrumentation is insufficient to show any differences in results. You may want to try this experiment first to see if you get significant results, before you do the lab in class.
An example of a general procedure to measure pH using probes can be found here: (https://www.wardsci.com/www.wardsci.com/images/Acidic_Drinks_pH.pdf).
4. Lab to extract caffeine from coffee: Caffeine is extracted from coffee using dichloromethane. This lab is geared toward the college student. If you are teaching an advanced chemistry class, you may be interested in doing this. Much of the lab must be performed under a fume hood, with good ventilation throughout the room. (http://carbon.indstate.edu/inlow/LabManuals/Caffeine.pdf) This YouTube video might be useful for the students to see the correct way to use a separatory funnel. (http://carbon.indstate.edu/inlow/LabManuals/Caffeine.pdf)
5. A lab demo that answers the question of when to best add cream to coffee:

To answer the age old question, “Does your coffee cool faster if you add the cream to your coffee right away and drink it later, or if you take the cream along and add it just before you want to drink it?,” you might want to go to the Newton’s Apple video clip, “Coffee and Cream”, here: http://www.newtonsapple.tv/video_only.php?id=3022 . This is a somewhat light-hearted, yet scientific approach to the experiment. There appears to be a definitive answer here related to kinetic molecular theory. You might want to show the experiment a second time and have students look for uncontrolled variables in the experiment, or ways to improve on the experimental design. Alternatively, you might want to set this up as a student lab, so your students can determine for themselves the answer to this age-old question.

(Teacher’s Guide, p 45, for Haines, G. Brain Booster to Go? ChemMatters, 2008, 26 (4), pp 7–9)

Simulations

1. Titration simulation to determine the pH of various liquids: During a unit on acids and bases, this PHET simulation provides extra practice with determining pH, using titration. Coffee is one of the substances that can be chosen to titrate. (https://phet.colorado.edu/sims/html/ph-scale/latest/ph-scale_en.html)

Media

	Videos

1. The “Science of Caffeine” and your brain video: This short (2:26) video produced by the ACS describes the chemical interactions of caffeine and its metabolites on the brain. It could be shown as an introduction to a discussion about student caffeine use. (http://time.com/64985/how-caffeine-affects-brain)
2. Black Ivory coffee videos: For students who express an interest or curiosity in Black Ivory coffee, these videos will show them the elephants and the processing of the coffee. They will also see the special pot used to brew the coffee. The videos are located at the very bottom of the page. They are (1:48) and (4:20) in length. (http://the-elephant-story.com/pages/black-ivory-coffee)
3. An inside view of coffee roasting using a Go Pro camera: This short (3:15) video shows the coffee roasting process using a Go Pro camera to get the bean’s perspective. The video is located at the bottom of the Web page. (http://www.ncausa.org/About-Coffee/Coffee-Roasts-Guide)
4. The “Chemistry of Coffee” video: This (4:45) chemistry-packed video could be shown after reading the article to complement the information about caffeine. (https://www.coffeechemistry.com/chemistry/alkaloids/the-chemistry-of-coffee-video)
5. The Universe in a Cup of Coffee is chemistry combined with physics: An “ACS Reactions” video (4:38) that packs in multidisciplinary science concepts in describing the science in a cup of coffee can be found here: https://www.youtube.com/watch?v=xANGsTqxdUw.
6. Narrated slide show video about coffee: Students might appreciate the mild sarcasm in this short (4:20) YouTube narrated slide show. The fast-paced video shows a world map of the areas where coffee is grown, as well as pictures of the tree and cherries. Coffee’s effects on the body are also addressed with high school humor. (https://www.youtube.com/watch?v=OTVE5iPMKLg)
7. Video of a different point of view about drinking coffee: If your goal is to stimulate some discussion in your classroom as to the pros and cons of drinking coffee, this (6:15) video may be useful, as it supports limited coffee consumption from the Ayurveda perspective. Some pros and cons are discussed by the practitioner, but he comes down on the side of viewing coffee as a medicine and limiting its consumption. You could also use this video to initiate student research into studies on coffee’s effects on the body. (https://www.youtube.com/watch?v=fnYsrJ5yeco)
8. Video, brewing the perfect cup: This video (6:51) explains the science behind roasting coffee and the science used in brewing the perfect cup of coffee. It reinforces the material in the ChemMatters article as to the chemical reactions that are occurring as the coffee is roasting. (https://oeta.pbslearningmedia.org/resource/0c1c1d56-2209-4049-b505-e69c867cf420/brewing-the-perfect-cup)

Slide show

1. Black Ivory coffee slide show: A beautiful 35-frame slide show can be found at this site. This may be a good assignment for the students who were curious about this type of coffee mentioned in the sidebar of the ChemMatters article. (http://www.cbsnews.com/pictures/pricey-elephant-poop-coffee/)

Lessons and Lesson Plans

1. “Coffee Production: Sustainability, Ecofriendly practices and Social Impact”: This link is to a zipped folder containing a PowerPoint presentation of the history of coffee, the cultivation, production, and harvesting of coffee, as well as instructions and data sheets for conducting taste tests. (www.extension.UGA.edu/k12/science-behind-our-food/biology.cfm; scroll down to the title listed above in bold, titles are in alphabetical order)
2. How caffeine affects the body: While this set of lessons primarily addresses energy drinks, it does address caffeine and its effect on the body. Four pages of teacher’s notes and two student handouts are included in this packet to help you plan a lesson on this topic. (http://rsc.org/learn-chemistry/resource/res00000856/the-chemistry-of-sports-and-energy-drinks)
3. How long does it take the body to clear caffeine?: If you are looking for ways to work more math into your lesson plans, this site offers data for students to evaluate in order to determine what is the rate that caffeine is eliminated from the body. Algebra 3 skills are used. It also might be used as an interdisciplinary activity with a math teacher. Scroll down on the page until you find the lesson titled “Cup of Coffee” (http://www.nuffieldfoundation.org/fsmqs/level-3-algebra)

Projects and Extension Activities

1. Health related pros and cons of coffee consumption: Students could be assigned to research the latest findings on the effects of coffee on health. This could culminate in a class discussion or debate on the topic. The Web sites provided in this teachers guide on coffee and health could serve as a starting point. You could include the following video (6:15) to help spark the discussion. You may want to stop the video before the practitioner gives his final judgement. (https://www.youtube.com/watch?v=fnYsrJ5yeco)
2. Caffeine diaries: Students may want to track their daily caffeine consumption. You could give them a copy of the table of beverages and their caffeine content found at this site. (https://www.math.utah.edu/~yplee/fun/caffeine.html)
3. Economics extension: Students could research weather patterns in Brazil or Colombia and compare them to the price of coffee. Occasions when there have been killing frosts might affect the coffee price for a year or more.
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Three processes used to decaffeinate coffee are explained in this 1999 ChemMatters article. (Barstow, K. The Case of the Missing Caffeine. ChemMatters, 1999, 17 (2), pp 12–13)

The health effects of a few of the 800+ chemicals found in coffee are presented in a way that would make this article an excellent addition to the current article. Some of the same concepts, such as the chemical reactions and roasting of coffee beans, are discussed, but the primary focus of this article is the effect of caffeine on brain chemistry. (Haines, G. Brain Booster to Go? ChemMatters, 2008, 26 (4), pp 7–9)

The Teacher’s Guide to the Haines article above contains further historical information, a list of the chemical compounds found in coffee beans, and multiple ideas for projects and class discussions.
____________________

	Harold McGee discusses the history of coffee brewing, coffee beans and their roasting, always bringing out the chemistry involved in each step. There is a good table on page 446 on methods of brewing coffee. (McGee, H. On Food and Cooking: The Science and Lore of the Kitchen; Scribner: New York, NY, 2004; pp 441–447, http://www.wtf.tw/ref/mcgee.pdf)

[bookmark: _Toc478389356]Web Sites for Additional Information (Web-based information sources)

History of coffee

	A history of coffee can be found here as part of a series on the stories behind the foods we eat. The article ends with some recipes for coffee drinks, as well as a flank steak marinated in coffee. (http://www.pbs.org/food/the-history-kitchen/history-coffee/)

	More information about the history and development of coffee can be found at this wiki site. Here you will find the words to Bach’s cantata about coffee. (https://en.wikipedia.org/wiki/Coffee#/media/File:Carte_Coffea_robusta_arabic.svge)

Coffee

	This National Geographic site is a treasure trove of information about coffee. There is a good world map that highlights the coffee producing countries. (http://www.nationalgeographic.com/coffee/ax/frame.html)

	Another world map that show where the different varieties of coffee are grown can be found at this site: https://upload.wikimedia.org/wikipedia/commons/3/3c/Carte_Coffea_robusta_arabic.svg.

	The reference page for Coffee Review has information links provided for every aspect of coffee. For students looking for more information, it would be a good place to start. (http://www.coffeereview.com/coffee-reference/)

	The National Coffee Association Web site provides general information about coffee production, from farm to table. (www.ncausa.org)

	At this site you will find a link to four different published academic articles about coffee chemistry. (https://www.coffeechemistry.com/category/6-published-articles)

Coffee roasting reactions

	The chemistry of roasting reactions, as well as a complete description of the changes occurring in the coffee bean during each minute of roasting are presented at this site. (https://www.quora.com/What-is-the-science-behind-coffee-roasting)

Information on the Maillard reaction can be found here: http://www.scienceofcooking.com/maillard_reaction.htm.

	A comprehensive flow diagram of the Maillard reactions, using the structural formulas of the compounds, is located at this site: http://compoundchem.com/wp-content/uploads/2015/01/The-Maillard-Reaction.pdf.

	The caramelization reaction is discussed at this Wikipedia Web site: https://en.wikipedia.org/wiki/caramelization.

	A guide to roasting types can be found at this site. It is an infographic of all 8 roasts of coffee and their respective acidity and roast characteristics. (https://nationalcoffeeblog.org/2015/11/19/a-guide-to-roasting-types/)

	A two part article about the science of roasting coffee, and the chemistry that is involved, can be found here.
· (https://www.coffeechemistry.com/send/6-published-articles/20-alchemy-in-the-roasting-lab-part-1)
· (https://www.coffeechemistry.com/send/6-published-articles/21-alchemy-in-the-roasting-lab)

	Pyrolysis reactions are presented here: https://en.wikipedia.org/wiki/pyrolysis.

	Roasting reactions such as pyrolysis and the pyrolytic products of trigonelline are presented in this paper, titled “the antithrombotic effects of pyridinium compounds formed from trigonelline upon coffee roasting.” (http://pubs.acs.org/doi/ipdf/10.1021/jf5008538)

Brewing coffee

	A frothing guide and extensive information about the chemistry of milk in frothing for espresso drinks is available at this coffee geek Web site. (http://coffeegeek.com/guides/frothingguide/milk)

	More on the science of producing milk foam used in espresso drinks can be found at this site. Discussion about the differences between lattes, cappuccinos and machiatos is also included. (http://www.thecoffeebrewers.com/article2.html)

	“A chemistry teacher’s guide to brewing the perfect cup of coffee” is the title of this article in The Guardian. Most chemistry variables related to the brewing process are discussed. (https://www.theguardian.com/commentisfree/2015/oct/23/a-chemistry-teachers-guide-to-the-perfect-cup-of-coffee)

	The story of the first espresso machine, complete with a picture of the inventor and his patent sketches, is located here: http://www.thecoffeebrewers.com/about-demitasse-spoons.html.

Caffeine

	A table containing the caffeine content of many popular beverages can be found here: https://www.math.utah.edu/~yplee/fun/caffeine.html.

Compounds in coffee

	Technical information about chlorogenic acid can be found at this data base site: https://pubchem.ncbi.nlm.nih.gov/compound/chlorogenic_acid#section=Top.

	A hyperlinked list of many of the acids found in coffee is located at this site. The hyperlinks take you to the structural formulas of the acids. Not all acids on the list are hyperlinked. (http://www.coffeeresearch.org/science/sourmain.htm)

	This scientific article about acids in coffee is a good source of diagrams of chlorogenic acid and the quinides. The article describes the reactions occurring during roasting. (https://www.coffeechemistry.com/send/6-published-articles/19-organic-acids-revisited)

“The chemistry of Coffee” is the title of this paper. Caffeine, trigonelline, lipids, pyrazines, and pyridines, and Maillard reactions in coffee are all discussed. Structural diagrams of some of the compounds are used. (https://www.coffeechemistry.com/send/6-published-articles/22-the-chemistry-of-coffee)

	The aroma compounds like the chlorogenic lactones and the phenylindanes are discussed in this C&EN article on coffee aroma, titled “Tweaking Coffee’s Aroma.” (http://pubs.acs.org/doi/pdf/10.1021.cen-v085n038.p032)

Coffee and health

	“Chemistry in Every Cup” is the title of this article that addresses the effects coffee has on each major organ system in the body. (https://www.chemistryworld.com/feature/chemistry-in-every-cup/1012386.article)

	Coffee consumption and how it affects bone density is addressed in this article. Also addressed is whether adding milk to coffee influences how compounds in coffee are absorbed by the body. (http://www.healthyfellow.com/607/coffee-milk-controversy/)

	This journal article describes a study that correlated coffee consumption and bone loss. (http://ajcn.nutrition.org/content/74/5/694.full)

	This New York Times article reports on the results of numerous meta-analysis studies about the health effects of coffee consumption. (https://www.nytimes.com/2015/05/12/upshot/more-consensus-on-coffees-benefits-than-you-might-think.html)

	An article in The Atlantic discusses the results of several studies into the effects of coffee consumption on human health. A study that links coffee to protection from type II diabetes is included in this article. (https://www.theatlantic.com/health/archive/2012/11/the-case-for-drinking-as-much-coffee-as-you-like/265693/)

	What are the compounds responsible for the heart-healthy effects of drinking coffee is the focus of this paper, titled “the antithrombotic effects of pyridinium compounds formed from trigonelline upon coffee roasting”. (http://pubs.acs.org/doi/ipdf/10.1021/jf5008538)

	Studies that investigated if there was any correlation between cancer and coffee consumption are reported in this article: http://healthyfellow.com/651/coffee-estrogen-link/.

	Calcium depletion, spinal osteopenia and coffee intake is the topic of the paper found at this address: http://www.healthyfellow.com/771/coffee-calcium-controversy/.

Black Ivory coffee

	An NPR interview of the entrepreneur who started the Black Ivory coffee business can be found here: http://www.npr.org/sections/thesalt/2014/08/20/340154271/no-1-most-expensive-coffee-comes-from-elephants-no-2.

	Links to a variety of articles about Black Ivory coffee are located at this site: https://www.blackivorycoffee.com/news. If you go to the home page from this page you will find more videos and information about Black Ivory coffee.
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[bookmark: _Toc212568409]The endocrine system

The endocrine system consists of all of the glands in the body and their hormones. The major glands of the endocrine system include the hypothalamus, pituitary gland, pineal gland, thyroid gland, parathyroid gland, adrenal glands, pancreas, ovaries (in females), and testicles (in males). The location and major functions of each gland are outlined in the table below.

	Gland
	Location
	Major Function(s)

	Hypothalamus
	In the brain, above the pituitary gland
	It works with the pituitary gland to control the entire endocrine system. It is considered a connector between the endocrine and nervous systems and regulates body temperature, thirst, appetite, emotions, sleep, blood pressure, sex drive, childbirth, and production of digestive juices.

	Pituitary
	At the base of the brain and near the hypothalamus
	After the hypothalamus prompts it, the pituitary gland secretes hormones that regulate the functions of other endocrine glands. For this reason, the pituitary gland is called the “master gland.”

	Pineal
	At the deep center of the brain
	It produces melatonin which helps regulate sleep-wake patterns and it regulates reproductive hormones. 

	Thyroid
	In the front of the neck
	It releases hormones that regulate body metabolism. Breathing, heart rate, body weight, body temperature and cholesterol levels are some of the vital body functions controlled by this gland.

	Parathyroid
	In the neck, behind the thyroid gland
	The four tiny parathyroid glands control the body’s calcium levels.

	Adrenal
	On top of each kidney
	These glands help regulate blood pressure, electrolyte balance, metabolism, and immune system suppression. They also help the body respond to stress.

	Pancreas
	Across the back of the abdomen behind the stomach
	It controls blood sugar levels in the body.

	Ovaries
	In the lower abdomen
	They produce hormones that promote the development of female sex characteristics and fertility.

	Testicles
	Behind the penis in the scrotum
	These glands are responsible for the development of male sex characteristics, bone density, and muscle strength.



The diagram below shows the anatomy and location of each of the major endocrine glands.

[image: http://images.emedicinehealth.com/images/illustrations/endocrine_system.jpg]

Human anatomy and location of glands of the endocrine system

(http://www.emedicinehealth.com/anatomy_of_the_endocrine_system/article_em.htm)

Some of the body’s processes that are regulated by the endocrine system include: emotions, growth and development, metabolism, blood pressure and heart rate, production of digestive juices, sexual function and reproduction, and stress. By regulating these body processes, the endocrine system helps maintain homeostasis, or a normal balanced state of being, within the body. Homeostasis is happening constantly and allows the body to maintain a stable, relatively constant condition of properties. Regulating glucose levels in the blood is one example of how the endocrine system maintains homeostasis. When glucose amounts in the blood rise above the normal glucose level, the pancreas secretes the hormone insulin. This allows the cells in muscles, fat, and the liver to absorb the glucose, where it is used to make energy or is converted to fat. When blood sugar amounts are below the normal glucose range, the pancreas secretes the hormone glucagon. This signals the liver to break down glycogen into glucose, which is then released into the blood stream. So, homeostasis can be thought of as a dynamic equilibrium where feedback mechanisms are constantly being made so that levels are staying at or near the normal ranges.

The endocrine glands are controlled by stimulation from the nervous system, by chemical receptors in the blood, and by hormones produced by other glands.

Hormones

Hormones are produced by endocrine glands and regulate body functions such as metabolism, respiration, heart rate, blood pressure, growth and development, reproduction, and mood, by signaling different parts of the body to communicate with one another. Hormones are classified according to their chemical structure and can be grouped into three classes: eicosanoids, steroids, and amino acid derivatives.Arachidonic acid

(https://pubchem.ncbi.nlm.nih.gov/compound/444899)


Eicosanoid hormones

Eicosanoids are synthesized as the body needs them. They are produced by the oxidation of arachidonic acid, a polyunsaturated fatty acid containing four double bonds. This carboxylic acid contains the carboxyl group (–COOH) on its first carbon atom. The molecular structure of the 20-carbon organic acid is shown at right.

Eicosanoids are referred to as “local hormones” because they target cells close to their site of formation and they are rapidly degraded, so they don’t get a chance to travel too far away from their site of synthesis. Their biosynthesis is activated by physical injury caused by mechanical trauma, ischemia (a restriction in blood supply to tissues that causes a deficiency of oxygen and glucose to tissue cells), or an attack by pathogens. Examples of eicosanoids are prostaglandins, prostacyclins, thromboxanes, leukotrienes, and epoxyeicosatrienoic acids.

The table below summarizes the functions of these eicosanoids.



	Eicosanoid
	Function

	Prostaglandins
	They are produced by almost all nucleated cells and aid in contraction and relaxation of smooth muscle, the dilation and constriction of blood vessels, control of blood pressure, and modulation of inflammation.

	Prostacyclins
	They are synthesized in endothelial cells, the cells that line the blood vessels, and aid in inhibition of platelet activation and formation of blood clots and in the dilation of blood vessels to decrease blood pressure.

	Thromboxanes
	They are made by platelets and aid in blood clotting and blood vessel constriction.

	Leukotrienes
	They are produced in leukocytes, a type of white blood cell, and regulate immune responses.

	Epoxyeicosatrienoic acids
	They are synthesized by various types of cells and can lower blood pressure, prevent heart attacks and strokes, and inhibit blood clotting.



Prostaglandin structure

Every prostaglandin contains 20 carbon atoms, including a 5-carbon ring. Numbering of the carbon atoms begins with the carboxyl end (–COOH). All prostaglandins contain a hydroxyl group on carbon-15 and a cis double bond between carbon atoms 13 and 14. The cis-double bond allows formation of a 3-dimensional orientation of atoms for the five ring structure.

A cis-double bond results in a type of stereoisomer where the functional groups are on the same side of the carbon chain, as opposed to a trans-isomer, where the functional groups are on opposite sides of the double bond. The simple images below illustrate the difference between two isomers. While the molecules have the same molecular formulas, they differ in the three dimensional orientation of their atoms in space.

[image: http://chemistry-reference.com/isomerism/cis-2-butene.png]	[image: http://chemistry-reference.com/isomerism/trans-2-butene.png]

2-butene
	Cis-sterioisomer	Trans-sterioisomer

(http://chemistry-reference.com/isomerism/default.asp?language=fr)




When naming, individual prostaglandins begin with the prefix “PG” followed by a letter, which relates to ring modifications. For example, in the diagram below, PGA to PGE and PGJ have a keto group (RCOR’, with R and R’ representing functional groups) at some position on the ring, while PGK has two keto groups. Other ring modifications may be double bonds, hydroxyl groups, or oxygen bridges. The image below shows keto groups on PGA through PGE, and PGJ and PGK. PGD through PGF and PGI all contain hydroxyl groups on their rings. PGG, PGH, and PGI contain oxygen bridges between carbon atoms within the ring(s).

[image: Structural formulae of prosanoids]

Nomenclature and structure of prostanoids

(http://lipidlibrary.aocs.org/Primer/content.cfm?ItemNumber=39316)

Continuing with the naming system, a numerical subscript between one and three follows the letter. This number indicates the number of double bonds within the two alkyl groups that are attached to the pentane ring.

The discussion and images above can be used as a guide for naming, for example, prostaglandin D2, shown below. The pentane ring is type D, because the ring contains a hydroxyl group on carbon-9 and a keto group on carbon-11. The subscript 2 identifies the two double bonds within the two alkyl groups. (Remember that all prostaglandins contain a hydroxyl group bonded to carbon-15.)
[image: https://pubchem.ncbi.nlm.nih.gov/image/imagefly.cgi?cid=448457&width=500&height=500]
Prostaglandin D2 (PGD2)

(https://pubchem.ncbi.nlm.nih.gov/compound/prostaglandin_D2)

The structural differences of prostaglandins give them different biological activities or effects on the body. Interestingly, the same prostaglandin that stimulates a reaction in one tissue can inhibit the same reaction in another, because the reaction that occurs is determined by the type of prostaglandin binding receptor within the tissue. (Binding receptors are discussed in the “Hormone signaling” section of this Teacher’s Guide.)

Prostacyclin structure

[image: ]Prostacyclin is a type of prostaglandin because each molecule contains 20 carbon atoms, a 5-carbon ring, a hydroxyl group on carbon atom 15, and a double bond between carbons 13 and 14. Characteristic of a prostacyclin molecule is an oxygen bridge between carbon 6 and carbon 9 (see diagram at right), and a second hydroxyl group on carbon atom 11. The molecular structure of prostacyclin is provided at right.

Prostacyclin (PGI2)

[image: ](https://pubchem.ncbi.nlm.nih.gov/compound/5282411)

The image to the right will help identify the numbering of the
carbon atoms in the double ring portion of the molecule.




Thromboxane structure

[image: ]Thromboxanes are similar in structure to prostaglandins. Characteristic to this type of eicosanoid is a six-membered, ether-containing ring, which can be seen in the diagram at right.

Thromboxane

(https://pubchem.ncbi.nlm.nih.gov/compound/114873)

Leukotriene structure

Leukotrienes are also 20 carbon structures. Characteristic of these molecules is the absence of a ring structure.
[image: ]



Leukotriene B4

(https://pubchem.ncbi.nlm.nih.gov/compound/5280492)





Epoxyeicosatrienoic acids

Epoxyeicosatrienoic acids are 20-carbon, straight chain structures.

[image: ]

11,12-epoxyeicosatrienoic acid

(https://pubchem.ncbi.nlm.nih.gov/compound/5353269)

Steroid hormones

Steroid hormones get their name because they are synthesized from cholesterol, which is a steroid. All steroids contain a 17-carbon skeleton arranged in four rings which are labeled A, B, C, and D. Rings A, B, and C are cyclohexanes (6 carbon rings), while ring D is a cyclopentane (5 carbon ring). In most steroids, methyl groups (–CH3) are present at positions C-10 and C-13, and an alkyl group may be present at C-17. Alkyl groups have the general formula CnH2n+1. The typical functional groups –OH, –CHO, and –COOH may be attached to the ring or to the alkyl group. The image below identifies the four rings in the steroid skeleton. The steroid ring numbering shows that the carbon in the methyl group attached to C-13 is numbered C-18 and the carbon in the methyl group attached to C-10 is numbered as C-19. The first carbon in the alkyl group attached to C-17 is then numbered C-20.

[image: http://ictwiki.iitk.ernet.in/wiki/images/Fig1.11.1...png]

Numbering system for steroid hormones

(http://ictwiki.iitk.ernet.in/wiki/index.php/Strategies_in_STEROIDS_Synthesis)

Variations in the ring structure and or the atoms or functional groups attached to the ring structure result in differences in the physiological effects of the steroid hormones. Notice in the table below that the two adrenal hormones aldosterone and cortisol only differ in structure by the functional group attached to C-13. Aldosterone contains an aldehyde (–CHO) attached to C-13, while cortisol contains a methyl group (–CH3) attached to C-13. This slight structural difference results in very different functions for these hormones. Aldosterone regulates electrolyte and water balance in the body, while cortisol regulates carbohydrate metabolism. We can see, also, that slight structural differences between the sex hormones estradiol and testosterone result in whether the hormone functions to stimulate female or male characteristics.

	Hormone
	Effect

	
[image: http://images.flatworldknowledge.com/ballgob/ballgob-fig17_x024.jpg]

(https://pblnotes.wordpress.com/2011/08/25/steroid-hormones/) 
	Regulates salt metabolism; stimulates kidneys to retain sodium and excrete potassium

	
[image: http://images.flatworldknowledge.com/ballgob/ballgob-fig17_x025.jpg]

(https://pblnotes.wordpress.com/2011/08/25/steroid-hormones/)
	Stimulates the conversion of proteins to carbohydrates

	

[image: http://images.flatworldknowledge.com/ballgob/ballgob-fig17_x026.jpg]
(https://pblnotes.wordpress.com/2011/08/25/steroid-hormones/)
	Regulates the menstrual cycle; maintains pregnancy

	
Estradiol


(https://en.wikipedia.org/wiki/Estradiol) 
	Stimulates female sex characteristics; regulates changes during the menstrual cycle

	[image: http://images.flatworldknowledge.com/ballgob/ballgob-fig17_x028.jpg]

(https://pblnotes.wordpress.com/2011/08/25/steroid-hormones/)
	Stimulates and maintains male sex characteristics



Representative steroid hormones and their physiological effects

Amino acid-derived hormones

Amino acid-derived hormones are derived from the amino acids tyrosine and tryptophan and are relatively small, water soluble molecules. Amino acid-derived hormones can be identified by their “in” and “ine” endings. Examples of the amino acid-derived hormones and their functions are listed in the table below.

	Hormone
	Derived from 
(amino acid)
	Function(s)
	Where manufactured

	Dopamine
	Tyrosine
	Affects sleep, mood, learning and memory
	Brain

	Norepinephrine
	Tyrosine
	Increases in O2 to brain, heart rate, glucose release, and breathing rate
	Adrenal Gland

	Epinephrine
	Tyrosine
	Increases in heart rate, muscle strength, blood pressure, sugar metabolism
	Adrenal Gland

	Thyroxine
	Tyrosine
	Regulates metabolic rate
	Thyroid Gland

	Melatonin
	Tryptophan
	Regulates sleep and wakefulness
	Pineal Gland

	Seratonin
	Tryptophan
	Stabilizes mood and regulates sleeping, eating, and digesting
	Brain & Intestine



Examples of the amino acid-derived hormones and their functions

Many of these hormones can also act as neurotransmitters that allow a nerve to communicate with other nerves, muscles, or glands. Neurotransmitters control the heart, lungs, and digestion, as well as mood, sleep, and concentration. Stress, alcohol consumption, and caffeine can cause neurotransmitter hormones to be out of balance, resulting in adverse symptoms such as anxiety and high blood pressure.

In nature all amino acids exist as zwitterions. The term zwitterion comes from the German word zwitter which means hybrid ion. A zwitterion is a dipolar molecule that contains separate positively and negatively charged ends but has no net charge itself. The separately charged ends result because amino acids undergo intramolecular acid-base reactions where the proton (H+) from the carboxyl group (–COOH) is transferred to the amine group (–NH2). The diagram at right shows this proton transfer.Transfer of a proton from the 
carboxyl group to the amino group 
within an amino acid molecule

(http://chemistry.tutorvista.com/biochemistry/essential-amino-acids.html)


Amino acids are organic compounds containing amine (–NH2) and carboxyl (–COOH) functional groups, along with a side chain specific to the amino acid. For adults, there are eight amino acids that the body cannot synthesize; these are found in the proteins that we eat. These amino acids are called essential amino acids. Tryptophan, a precursor to the hormones melatonin, serotonin, and thyroxine, is a non-polar, essential amino acid, where the amine and carboxyl groups are separated by one carbon atom (α-carbon) and contains the indole side chain. Its structural formula is shown in the image at left.The essential amino acid tryptophan

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





In tryptophan, the central carbon atom (α-C) contains four sp3 hybrid orbitals that are oriented in space in the same directions as the corners of a tetrahedron, resulting in bond angles of 109.5°. The image at right is a representation of the 3-D arrangement of the orbitals.Orientation in space of 
the four sp3 orbitals in a tetrahedral carbon atom.

(http://www.grandinetti.org/orbital-hybridization)


	Tryptophan and all other amino acids except glycine have the central carbon atom bonded to four different functional groups or atoms. The structure of tryptophan at left shows the central carbon atom (α-C, highlighted in green) bonded to a carboxylate ion 
(–COO–), an amino ion 
(–NH3+), a hydrogen atom, and the indole side chain.The α-carbon in tryptophan forms four separate bonds

(https://socratic.org/questions/how-would-you-draw-tryptophan-and-select-the-chiral-carbon)


	Because of these four separate bonds around the central carbon atom, tryptophan can occur in two isomeric forms, L-tryptophan and D-tryptophan. These molecules are mirror images of one another, where L is designated as a left handed configuration and D is designated as the right hand configuration. The designation “L” comes from the Latin word laevis which means on the left and “D” comes from the Latin word dexter, meaning on the right. Because the L and D configurations contain the same molecular formulas and sequence of bonding, but different spatial, or 3-D orientation of the atoms, they are referred to as stereoisomers.

	The images below show the difference in the spatial orientation of the amino group and hydrogen, (in circles) bonded to the central carbon atom for the two molecules. Think of most of the molecule as being planar, where the sticks represent bonds that are in the plane of the paper. The wedges represent bonds coming out of the paper toward you and the dashed lines represent bonds going away from you, behind the paper. In the D-tryptophan molecule, the amino group is oriented behind the paper, while in the L-tryptophan molecule, the amino group is oriented in front of the paper. Thus, the two molecules are mirror images of one another. Only L amino acids are produced by cells.L-tryptophan

(https://jtw441.wordpress.com/2014/02/17/reflection-03-amino-acids-and-proteins/)
D-tryptophan

(http://www.chemeddl.org/alfresco/service/chemeddl/molecules/search.html?guest=true&pubchem=9060)


The hormone serotonin is synthesized from L-tryptophan. Through a reaction with O2 and the enzyme tryptophan hydroxylase, a hydroxyl group is added to tryptophan to produce 5-hydroxytryptophan. A decarboxylation reaction converts 5-hydroxytryptophan to serotonin. Serotonin is synthesized in the brain and intestines. The series of chemical reactions that synthesize serotonin from tryptophan are outlined in the reactions below.The synthesis of serotonin from tryptophan

(http://bigtone.zone/neurotransmitters/neurotransmitter-serotonin/)


At nighttime, the reduction of light striking the eyes causes the pineal gland to convert serotonin to melatonin, which regulates our sleep cycle. Acetylation of serotonin (the addition of CH3CO–) produces N-acetylserotonin. This reaction is followed by the methylation (the addition of –CH3) of N-acetylserotonin to produce melatonin. These reactions are summarized in the image below.
[image: Image result for synthesis of melatonin from serotonin]

The synthesis of melatonin from serotonin

(http://www.ebay.com/itm/5-HTP-L-dopa-Vit-B6-Diet-Weight-Loss-Slimming-Fat-Pill-/250881670134)

The amino acid tyrosine is the precursor to the hormones dopamine, norepinephrine, epinephrine, and thyroxine. Because our bodies can produce it, tyrosine, is a non-essential amino acid; it is synthesized from the essential amino acid phenylalanine. The synthesis of tyrosine involves a reaction between phenylalanine, the enzyme phenylalanine hydroxylase, the co-factor, or helper molecule, called tetrahydrobiopterin, and an oxygen molecule (see diagram at right). With the aid of the enzyme, tetrahydrobiopterin is oxidized, as one of the oxygen atoms of the oxygen molecule is reduced to water. The other oxygen atom from the oxygen molecule is incorporated into the tyrosine molecule as phenylalanine is hydroxylated (gains a hydroxyl group) to tyrosine.Hydroxylation of phenylalanine to tyrosine

(https://www.rpi.edu/dept/bcbp/molbiochem/MBWeb/mb2/part1/aacarbon.htm)


Because of this hydroxyl group on the side chain of tyrosine, tyrosine is a polar molecule and can hydrogen-bond to water molecules. Thus, tyrosine is very water soluble.

The series of reactions in the diagram on the next page summarize the biosyntheses of the hormones dopamine, norepinephrine, and epinephrine. The synthesis of tyrosine from phenylalanine has been described in the previous paragraph.

The enzyme tyrosine oxidase reacts with tyrosine in an oxidation-reduction reaction to produce the amino acid L-dopa (levodopa). L-dopa differs from tyrosine by one hydroxyl group. A decarboxylase enzyme removes the carboxyl group from L-dopa to produce the hormone dopamine. Β-hydroxylase aids in the incorporation of a hydroxyl group on the second carbon atom to produce norepinephrine. A methyl-transferase adds a methyl group (–CH3) to the amine group and produces epinephrine. So, the hormones dopamine, norepinephrine, and epinephrine are similar in structure and differ by one or two functional groups. These differences in structure result in differences in function.
[image: Adrene~1.gif (7169 bytes)]

The biosynthesis of the hormones dopamine, 
norepinephrine, and epinephrine from tyrosine

(http://faculty.weber.edu/ewalker/Medicinal_Chemistry/topics/Adrenergic/adrenerg.htm)

Thyroxine is a hormone produced by the thyroid gland. Molecular iodine from our diet is stored here and is oxidized to iodide ions (I–). These ions react with tyrosine to produce diiodotyrosine. Thyroxine is synthesized from a condensation reaction between two diiodotyrosine molecules by the removal of an alanine (CH3CH(NH2)COOH) molecule and is shown in the diagram below.
[image: http://img.tfd.com/ggse/d3/gsed_0001_0025_0_img7819.png]

The condensation reaction between two diiodotyrosine molecules

(http://encyclopedia2.thefreedictionary.com/thyroxine)

	Because thyroxine is not very water soluble, carrier proteins that are water soluble bind to thyroxine to transport it through the blood. To ensure optimal levels of thyroxine in the blood, a dynamic equilibrium exists between protein-bonded thyroxine and free thyroxine.

	The image at right shows thyroxine bonded to the carrier protein called human serum albumin (HAS). The non-polar, or hydrophobic thyroxine molecule is embedded in the folds of the carrier protein. The carrier protein contains hydrophilic (having an affinity to water molecules) amino acids located on the outer portions of the globular protein, allowing for hydrogen bonding with water molecules.High-affinity site for L-thyroxine binding to HSA

(http://www.sciencedirect.com/science/article/pii/S0304416516000027)


Peptide Hormones

Peptide hormones are relatively large molecules, compared to monoamine acid hormones and steroid hormones. These hormones are water soluble and insoluble in lipids. A large portion of hormones are peptide hormones, and a representative group is included in the table below.



	Hormone
	Produced by
	Function

	Glucagon
	Pancreas
	Increase blood glucose levels

	Growth hormone
	Pituitary Gland
	Regulates growth and reproduction of cells

	Insulin
	Pancreas
	Regulates glucose intake by cells

	Thyroid stimulating hormone (TSH)
	Pituitary Gland
	Stimulates the thyroid to produce thyroxine

	Vasopressin
	Hypothalamus
	Regulates body’s retention of water



A representative grouping of peptide hormones

Hormone signaling

Hormones can act on the same cells that produce them, on neighboring cells, or they can be secreted into the blood and transported to distant target cells. A target cell responds to a hormone because it has receptors for the hormone. Receptors are large, flexible protein molecules. The hormone-receptor mechanism can be compared to a lock and key mechanism where the receptor acts as the lock and the hormone acts as the key.

Water-soluble hormones cannot pass through the lipid layer of cell membranes and therefore affect target cells by binding to cell surface receptors. The diagram below shows the cascade of reactions that begins with the binding of a hormone to its specific receptor, which activates an enzyme within the cell membrane. This enzyme catalyzes the formation of cyclic adenosine monophosphate (cAMP). This molecule activates the enzyme protein kinase A. This enzyme phosphorylates (adds phosphates to) other proteins within the cell. Many of these proteins are enzymes that are either activated or supressed. These protein structural changes alter intracellular functions, such as changes in membrane permeability, changes in cellular metabolism, or stimulation of cellular secretions.

[image: ]

The mechanism of action for a water-soluble hormone

(http://completesoccertraining.blogspot.com/2012/05/hormones-in-human-body-general-info.html)

	Steroid hormones and thyroxine are lipid-soluble and can pass through the cell membrane. The diagram below outlines the mechanism of lipid soluble hormones. The hormone-receptor binding occurs in the cytoplasm. The complex then passes into the nucleus and binds to part of the DNA. This results in certain genes being activated, which results in mRNA being produced. The mRNA then enters the cytoplasm where protein synthesis occurs. These new proteins may be enzymes or structural proteins.
[image: ]

The mechanism of action for a lipid-soluble hormone

(http://completesoccertraining.blogspot.com/2012/05/hormones-in-human-body-general-info.html)

	The endocrine system helps maintain a condition of balance or stability within the body. The body maintains this “dynamic equilibrium” (homeostasis) through a negative feedback mechanism, where a system acts to reverse a direction of change. The process of how the body maintains normal glucose levels in the blood will be used here to describe how this negative feedback mechanism works.

	After we eat, there is a rise in blood glucose levels. This triggers the pancreas to produce more insulin, which is released into the blood. When the insulin reaches target cells, it binds with receptors within those cells to trigger glucose uptake, thus lowering glucose levels in the blood. The blood glucose levels then return to normal and this, in turn, decreases the secretion of insulin into the blood.

Stress and hormones

Stress is defined as any situation which tends to disturb the body’s dynamic equilibrium. Through its endocrine system, the body reacts to stress, whether it be physical or emotional, by adjusting levels of hormones to help the body adapt to new circumstances. This healthy response takes priority over all other metabolic functions and is not designed to last very long. Short term stress provides the stimulus to activate the hypothalamus at the base of the brain to send hormonal signals to other glands in the body to produce a “fight or flight” response. The adrenal glands respond by releasing epinephrine, norepinephrine and cortisol. Epinephrine increases heart rate, elevates blood pressure, dilates the bronchioles, increases blood flow to the skeletal muscles, and provides the body with extra energy by causing the breakdown of glycogen to glucose in the liver cells. Norepinephrine makes us more awake and more focused. By constricting the arteries in the skin, norepinephrine directs blood away from that tissue so that more blood is available to the other tissues of the body that need the additional blood flow. Cortisol increases glucose levels in the blood and decreases the production of insulin. This results in added energy for muscle cells. Cortisol also increases blood flow throughout the body by narrowing arteries and plays a role in tissue repair. But cortisol also suppresses immune system responses and the digestive system, and alters the growth process. Stress is meant to be short term and once the perceived threat has disappeared, hormone levels return to normal via a negative feedback system.

	It is chronic stress that results in consistently high levels of the stress hormones that wreaks havoc on our bodies. Chronically elevated levels of cortisol result in lowered immune responses, fatigue, obesity, hypoglycemia, high blood pressure, heart disease, insomnia, mood swings, memory loss, concentration problems, and digestive problems.

During short-term stress, hormones are released that help the body fight off infection and respond quickly to injuries. Chronic stimulation of the immune system causes it to become suppressed, making it less effective in fighting off infections. The immune system also releases chemicals called cytokines that also help the body fight infection. Cytokine production is inhibited by the stress hormones. This is why highly stressed people are more prone to infections and colds. Chronic stress may also be responsible for autoimmune diseases, such as rheumatoid arthritis, lupus, and multiple sclerosis.

	Stomachaches and diarrhea are also common symptoms of stress. The stress hormones slow the release of stomach acid and the emptying of the stomach, and they stimulate the colon, causing pain or diarrhea. Individuals under constant stress are more likely to develop Crohn’s disease, a constant inflammation of the large intestines.

	Because cortisol is known to increase appetite and may encourage cravings for sugary or fatty foods, some individuals with chronically high levels of this stress hormone may become obese or develop diabetes. Chronic stress can also have the reverse effect—loss of appetite and weight loss, due to a strain on the adrenal glands that causes low levels of cortisol production.

The relationship between chronic stress hormones and heart disease is complicated. Stress hormones can cause high blood pressure, heart palpitations, sustained high levels of cholesterol, and heart attack. Along with an increase in stress hormones, chronic stress causes some people to cope by overeating, smoking, and consuming excess alcohol, all of which exasperate the conditions causes by chromic stress hormones.

The chart below summarizes the effects of chronic stress hormones on the body.

[image: Image result for effects of stress]

(http://www.agemanagementoptimalwellness.com/health-effects-stress-may-differ-men-women/)

The good news is that we can reduce the adverse effects produced by chronically high levels of stress hormones by using stress reduction techniques, keeping a strong social network, choosing sugar free, non-processed nutrient rich foods, exercising regularly, avoiding alcohol and caffeine, and getting proper rest.

“It’s not stress that kills us, it is our reaction to it.”

– Hans Selye, noted expert on stress



[bookmark: _Toc478389359]Connections to Chemistry Concepts (for correlation to course curriculum)

1. Organic chemistry: structural formulas and molecular shapes—In discussion of structural formulas, hybridized carbon atoms and molecular shapes of organic compounds, steroids and cortisol ring structures can make good examples of slightly more complex molecules showing these concepts.
2. Organic chemistry: functional groups—In the study of functional groups in organic chemistry, hormones can be used as examples of molecules containing various functional groups (e.g., the hydroxyl, carboxyl, amine, and keto functional groups).
3. Cascade reactions—In a more advanced chemistry class, a discussion of cascade reactions (e.g., the copper(II) one pot reaction) can include a discussion of the cascade of stress reactions that occur in the body. This stress cascade might even introduce the chemistry concept.
4. Acids and bases—The study of acids and bases can include a discussion of amino acids, molecules containing both acid (–COOH) and base (–NH2) groups, as well as the production of proteins from amino acids reacting with each other via hydrolysis. Amino acid-derived hormones also provide a real-life example of acid-base chemistry.

[bookmark: _Toc212568410][bookmark: _Toc478389360]Possible Student Misconceptions (to aid teacher in addressing misconceptions)

1. “Stress doesn’t bother me, I’m used to it.”
Rather than “getting used to stress,” one has to learn to reduce stress. As long as stress is present, our bodies respond by producing stress hormones such as epinephrine and cortisol. These hormones increase blood pressure, heart rate, and blood glucose, as well as cause anxiety, fatigue, and other symptoms. Being used to chronic stress will not prevent your body from making stress hormones. In order to reduce the level of stress hormones in the blood, you have to prevent the stress. Eating well balanced meals, exercising daily, getting enough sleep, and maintaining a positive attitude are some of the ways to manage stress.
2. “Exercising will not relieve my stress, because it is a physical stress.”
Yes, exercise is a physical stress, and it does cause a short term elevation of cortisol. But shortly after exercising, cortisol levels in the blood decrease and produce health benefits, such as feeling more relaxed, improving mood, and improving quality of sleep.

[bookmark: _Toc478389361]Anticipating Student Questions (answers to questions students might ask in class)

1. “Can the negative effects of chronic stress such, as diabetes, high blood pressure, and impaired memory be reversed?” It may take a long time to relieve the stress, but by changing some behaviors, yes. Getting adequate sleep, eating well balanced meals, avoiding caffeine and alcohol, and exercising daily may help.
2. “If I can manage anxiety and stress with a positive attitude and practicing yoga, then is stress more of a psychological disease than a hormone imbalance?” Our bodies need a restoration phase after a stress event in order for the cortisol levels to return to normal. These is evidence to show that stress, caffeine, and sleep deprivation cause the body to make higher levels of cortisol, and it is the cortisol, not attitude, that causes the negative effects of stress.

[bookmark: _Toc478389362]Activities

[bookmark: _Toc453602478][bookmark: _Toc212568414]Labs and Demos

1. “Kaleidoscopical Activity” demonstration: This demonstration explores optical isomers that are able to twist light waves in different directions. (https://www.flinnsci.com/globalassets/flinn-scientific/all-free-pdfs/dc91417.pdf)
2. “One pot copper(II) reactions” experiment: Students perform a series of reactions in one pot, or vessel. This can be related to the cascade reactions that are discussed in the article. (http://dwb5.unl.edu/CHEM/SmallScale/SmallScale-061.html)
3. “Identification of an unknown amino acid” from its titration curve experiment: Amino acids in solution at neutral pH are zwitterions. The point at which zwitterions form is called the isoelectric point and can be used to identify an unknown amino acid. (http://www.colby.edu/chemistry/CH367/laboratory/expt1.pdf)
4. “Disturbing an Equilibrium System” experiment: In this hands-on activity, students will study factors that can disturb an equilibrium system and make predictions about how a reaction will shift when a stress is applied. (http://dwb5.unl.edu/CHEM/LABS/LABS-14.html)
5. “Preparation of Cholesteryl Ester Liquid Crystals” experiment: In this experiment, a series of liquid crystals from cholesteryl esters will be prepared and their properties to change color at different temperatures will be examined. The novelty mood rings that were popular in the 1970s contained liquid crystals. (http://www.chymist.com/Liquid%20Crystals.pdf)
6. “Preparation of liquid crystals” experiment: This activity contains the directions for purchasing and preparing the cholesteryl ester solutions needed for the “Preparation of Cholesteryl Ester Liquid Crystals experiment (http://education.mrsec.wisc.edu/274.htm)
7. “Color changes and mood rings” experiment: The causes of color changing rings are investigated. (https://sciencewithtoys.wikispaces.com/Mood+rings)

Simulations

1. “Equilibrium”: This ChemCollective site includes concept tests to be used for class discussions, scenario based activities, and tutorials related to equilibrium concepts. (http://chemcollective.org/equilib) Note: Java Virtual Machine must be installed on your computer to run this software.
2. “Le Châtelier’s Principle—Concentrations” Students play with the simulation to see and understand on a particle level why equilibrium shifts when put under a stress of changing concentration. (https://phet.colorado.edu/en/contributions/view/3858)

Media

1. National Geographic presents “The Science of Stress”: (55:50). The video discusses how stress hormones were designed to help us survive. But we now know that chronic stress is dangerous and has many negative effects on our bodies. (https://www.youtube.com/watch?v=ZyBsy5SQxqU)
2. “A Video Review of How Hormones Use G-protein Signaling Pathways”: This video (9:49) summarizes how water soluble hormones function in target cells.
(https://www.youtube.com/watch?v=wC2_7Ror3qY)
3. “A Video review of mechanisms of steroid hormones”: This short video (1:26) explains how steroid hormones function in target cells. (https://www.youtube.com/watch?v=m9jOXiYdMeYhttps://www.youtube.com/watch?v=m9jOXiYdMeY)

Lessons and Lesson Plans

1. “Geometric Isomers of Alkenes”: Students will work in cooperative groups to complete this POGIL activity on pages 11–15 to study cis- and trans- isomers. (http://www.cognella.com/pdf/abrahamson_sneak_preview.pdf)
2. “Guided Inquiry Activity—Equilibrium and le Châtelier’s Principle” After completing this guided inquiry activity, students will be able to explain chemical equilibrium, identify factors that disrupt a system at equilibrium, and explain the effects of the shift on the original equilibrium. (https://pogil.org/uploads/media_items/equilibrium-and-le-chatelier-s-principle.original.pdf)

Projects and Extension Activities

1. Students make hormone-receptor models to understand how hormones bind to specific receptors before initiating a cellular response. (https://www-tc.pbs.org/wgbh/nova/education/activities/pdf/3313_03_nsn.pdf)




[bookmark: _Toc478389363]References (non-Web-based information sources)
The references below can be found on the ChemMatters 30-year DVD, which includes all articles 
published from the magazine’s inception in October 1983 through April 2013; all available Teacher’s Guides, beginning February 1990; and 12 ChemMatters videos.  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 “Teacher’s Guide” tab to the left, directly under the “ChemMatters Online" logo and, on the new page, click on “Get the past 30 Years of ChemMatters on DVD!” (the icon on the right of the screen).

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. Click on the “Issues” tab just below the logo, “ChemMatters Online”.
30 Years of ChemMatters !
Available Now!

[bookmark: _Toc212568415]
This article discusses various hormones of the endocrine system. In particular, it discusses the sex hormone and relates form to function. (Tinnesand, M. Your Body Under Construction. ChemMatters, 2011, 29 (4), pp 14–16)

The Teacher’s Guide for the December 2011 article above provides additional information on the endocrine system and hormones, in particular the sex hormones, and their receptors.

This 2014 article discusses performance enhancement drugs such as anabolic steroids, which mimic the hormone testosterone. (Wendel, J. Performance Enhancement Drugs. Is Winning Everything? ChemMatters, 2014, 32 (3), pp 9–11)

There is useful information in this article about chiral molecules. The article defines chiral molecules, explains enantiomers, and discusses how chirality affects how these molecules function. (Warmflash, D. Left Life? Right Life? Chirality in Action. ChemMatters, 2015, 33 (2), pp 5–7)

[bookmark: _Toc478389364]Web Sites for Additional Information (Web-based information sources)

Hormones

	“Healthline” provides this site that describes the hypothalamus and the hormones produced by this gland. (http://www.healthline.com/human-body-maps/hypothalamus)

This site describes the hypothalamus, homeostasis, and the feedback mechanisms that maintain homeostasis. (http://www.braintheinsidestory.co.uk/hypothalamus-section/)

This concept review of amino acids, the precursors of hormones, describes their isomeric forms and polarity. (http://www.phschool.com/science/biology_place/biocoach/bioprop/landd.html)

This Web site describes the synthesis, transport, and endocrinology of thyroid hormones: http://people.upei.ca/bate/html/notesonthyroidfunction.html.

Receptors

	This site includes information about hormone receptors: http://e.hormone.tulane.edu/learning/docking-receptor-binding.html.

Stress

	This site discusses the role of CRH in chronic stress: https://breakingmuscle.com/learn/what-you-dont-know-about-crh-can-kill-you.


[bookmark: _Toc478389365]Genetically Modified Foods: Are They Safe to Eat?
[bookmark: _Toc478389366]Background Information (teacher information)

GMO Terminology

	The term GMO refers to genetically modified organisms. It is a generic term used for any type of organism that has had its DNA altered in some fashion. It is the term used in the “Genetically Modified Foods: Are they Safe to Eat” Wendel article to refer to plants with altered genetic material (DNA). The World Health Organization (WHO) defines GMOs as "organisms (i.e., plants, animals or microorganisms) in which the genetic material (DNA) has been altered in a way that does not occur naturally by mating and/or natural recombination." (http://www.who.int/foodsafety/areas_work/food-technology/faq-genetically-modified-food/en/)

	There are many other terms used globally to describe GMOs. The WHO also states that “modern biotechnology”, “gene technology”, “recombinant DNA”, and “genetic engineering (GE)” are other terms for GMOs. The term “transgenic organism” is another synonym for GMO because it describes the genes of one species which are modified or transplanted into another species. This is genetic engineering or recombinant DNA at work.

	While the Wendel article consistently uses the term GMO, the references and background information below may use any combination of the synonyms described here. The terminology used in this Teacher's Guide follows the terminology used in the articles cited or as the author or source of the information used.

A History of genetically modified organisms (GMOs)

	By the WHO definition above, organisms made by selective breeding or provided with hormone supplements or antibiotics are technically not GMOs. Even though animals may eat feed containing genetically engineered crops, the organisms themselves are not considered GMOs. So, when and how did GMOs begin?

	Humans have altered the genetics of organisms (the focus of this Teachers Guide, like the Wendel article, is on plants) by the use of selective breeding for over 30,000 years. Mankind's desire to improve food crops and other useful plants prompted people to develop and use selective breeding techniques. However, the beginning of genetically engineered (GE) organisms through recombinant DNA techniques started with Herbert Boyer (University of California, San Francisco) and Stanley Cohen (Stanford University), based on the work of Paul Berg's (Stanford University) 1980 Nobel Award-winning gene-splicing experiments.

The first success of the Boyer-Cohen collaboration occurred in spring 1973 and involved one of Cohen’s plasmids, pSC101. Plasmids were already known to transfer drug resistance among bacteria, and this one could make E. coli resistant to the antibiotic tetracycline. The plasmid pSC101 was cleaved by EcoRI at only one site, leaving intact the plasmid’s ability to replicate. When the linearized pSC101 DNA was mixed with other DNA that had been cleaved by the same enzyme, the complementary ends of fragments from both sources of DNA joined together into new loops. Treatment with another enzyme closed the still-visible nicks in the DNA loops, which were then introduced into calcium chloride–treated bacteria. The bacteria were spread on a culture containing tetracycline, and only the bacteria with the rDNA plasmids survived.

(https://www.chemheritage.org/historical-profile/herbert-w-boyer-and-stanley-n-cohen)

	Boyer and Cohen continued their experimentation and soon proved that genetic material could be transferred between different species (Staphylococcus plasmid inserted into an E. coli plasmid). The commercial applications of the pioneering gene-splicing work of Boyer and Cohen became apparent, and soon companies like Genentech (1976) were founded to capitalize on this new technique. Eli Lilly and Company signed a joint-venture agreement with Genentech, and in 1982 Humulin (a recombinant DNA human insulin) was approved by the Federal Drug Administration. (https://www.chemheritage.org/historical-profile/herbert-w-boyer-and-stanley-n-cohen)The insertion of recombinant DNA so that the foreign DNA will replicate naturally, as pioneered by Herbert Boyer and Stanley Cohen

(https://www.chemheritage.org/historical-profile/herbert-w-boyer-and-stanley-n-cohen)


	The graphic below shows a timeline of the history of GMO development, including plants and animals from about 30,000 years ago. Humans began with the domestication and selective breeding of wolves and may have applied that knowledge to crops and, ultimately, to the current manipulation of DNA resulting in the ability to rapidly influence an organism's traits.

[image: C:\Users\Owner\Desktop\GMO.png]

A brief timeline of GMO development

(http://sitn.hms.harvard.edu/flash/2015/from-corgis-to-corn-a-brief-look-at-the-long-history-of-gmo-technology/)

	An important piece of the development of GMOs was the 1980 U.S. Supreme Court ruling (https://supreme.justia.com/cases/federal/us/447/303/case.html) that allowed General Electric scientists to patent a bacterium that was genetically engineered to break down crude oil from environmental oil spills. This critical ruling gave protection to the large investments that companies were making to design GMOs, and it was a huge incentive for universities and companies to develop new GMO techniques and additional organisms.



	Foods have been the focus of much of the controversy surrounding GMOs. Tomatoes were the first field crop food to receive genetic engineering. After many years of research, including health and environmental studies, Calgene, Inc. (a California biotechnology company) was granted a license in 1994 to sell the genetically engineered tomato, Flavr Savr (CGN-89564-2). The Flavr Savr tomato was designed to ripen slowly to prevent damage in shipping from ripening and softening, while still retaining the tomato's red color and natural flavor. (http://calag.ucanr.edu/Archive/?article=ca.v054n04p6)The Flavr Savr tomato

(http://www.slideshare.net/enfresdezh/genetically-modified-food)


The FDA did not require special labeling of these GMO tomatoes because FDA scientists determined that there was no health risk from consuming them, and the GMO tomatoes had the same flavor and characteristics of conventional tomatoes. The Flavr Savr tomato did not perform as well as Calgene expected, even with additional improvements to the original design, and production of the tomato ceased in 1997. Calgene was acquired by the Monsanto Company in 1996, partly due to the unprofitability related to Calgene's inexperience in growing and shipping tomatoes.

	In 1995, the first genetically-altered pesticide-producing crop plants, corn and potatoes, were approved by the EPA. A piece of Bacillus thuringiensis (Bt) DNA was embedded in the DNA of the corn and potato plants. Bt is a bacterium that grows naturally in soils and produces a natural insecticide. Therefore, the EPA believed that the Bt genetic modification would not be harmful to either public health or the environment. By using the GE plant, the need for conventional pesticides was reduced. The Bt gene in the corn allowed it to resist the European corn borer, corn rootworm, and moth-like insects, while the Bt in the potato offered resistance to the Colorado potato beetle. In 1995, the GMO corn was allowed to be planted on 9,725 acres in nine states and territories, and the potato to be planted on 8,186 acres in 12 states. The Union of Concerned Scientists was critical of the EPA's decision, believing that the GMO plants producing their own pesticides could lead to the development of insects with resistance to the pesticides. Today, approximately 80% of the corn planted in the US has the Bt genetic modification. (http://www.nytimes.com/1995/04/11/us/epa-approves-three-genetically-altered-crops.html)

	In 1996, the soybean was the first herbicide-resistant (also called herbicide tolerant, HT) plant. This GMO soybean was produced by the Monsanto Company, which produces the herbicide Roundup. Other crop plants (corn and sugar beets) may have a gene for herbicide resistance (typically glyphosate, called Roundup Ready). Many plants now have both the Bt and the herbicide resistant (called stacked) genetic modifications. Since 1996, the proliferation of GMO plants has steadily increased, but the trend may be slowing as the graph below shows. For an Excel data file on the percentage of Bt and HT crops planted in the US since 1996, see https://www.ers.usda.gov/media/8725/extent-of-adoption-1996-2016.xlsx.

[image: https://www.ers.usda.gov/webdocs/charts/38134_biotechcrops2016png/biotechcrops2016.png?v=42565]

USDA graph of GE crops in the US from 1996–2016

(https://www.ers.usda.gov/data-products/adoption-of-genetically-engineered-crops-in-the-us/recent-trends-in-ge-adoption.aspx)

How GMOs are created

	Simply, to create a new GMO, scientists find a trait in an organism that is of use, isolate or remove the DNA for the trait from the donor organism, insert the DNA for the useful trait into the desired (host) organism, and then grow or propagate the modified organism. Easy? Not really! The techniques that mankind has used to alter organisms have improved over the last 100 years, from selective breeding, to gene insertion from one organism to another, to the current practices of editing genomes. These newer techniques require genetic engineering skills and sophisticated equipment, and are not necessarily simple and easy, but they are becoming easier with automation.

[image: C:\Users\Owner\Desktop\GMO steps.png]

A pictorial of the process of genetic engineering to produce a GMO

(http://sitn.hms.harvard.edu/flash/2015/how-to-make-a-gmo/)

	In the first step, scientists seek useful traits and often find them in nature. For example, to enable a plant to have heat- or drought-tolerance, scientists might look in hot or arid places for plants that naturally grow successfully in those environments.

	Secondly, scientists must analyze and identify the part of the DNA in the plant responsible for the desired trait. To do this, scientists will analyze the genomes of the plant with the useful trait, comparing them with genomes of the same species of plant without the useful trait. Comparing the genomes of the plants, they may be able to identify the specific gene conveying the desired trait. If this comparison does not provide the needed genetic information, scientists may delete parts of the genome in the desired plant until the trait is lost. An analogy of this might be a person with a food allergy eliminating specific foods from his/her diet until the allergy symptoms cease—identification by elimination. Researchers have developed methods to expedite this identification process, but it can still be a lengthy procedure.

	In the third step, a common procedure is to use enzymes to cut out strands of the desired DNA from the donor plant Often, this DNA is more easily inserted into a bacterium plasmid (a round molecule of DNA) than directly into the host plant's DNA. A common bacterium used for this implant procedure is Agrobacterium tumefaciens, a natural soil bacterium. The desired DNA is pasted into the A. tumefaciens DNA plasmid, and then the bacterium is treated so it will accept the modified plasmid. The A. tumefaciens bacterium (containing the modified plasmid) naturally invades seeds and plants, so it inserts its modified DNA into the desired plant-much like a Trojan horse—completing the transfer process. In another technique, some biotech companies use "gene guns" (see graphic) to shoot specially coated pieces of metal coated with the desired DNA into the host plant to transfer the trait of interest.
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Diagram of A. tumefaciens-mediated transformation (step 3 above)

(https://www.researchgate.net/publication/259139407_Transgenic_plants_Types_benefits_public_concerns_and_future)

	The last step involves growing the new GMO. However, the genotype of the newly modified plant must first be checked to assure that the modified plant carries the gene of interest. Once the GMO plant is certified to contain the desired gene and trait, it is propagated. Researchers and biotech companies spend large sums of money in special climate-controlled facilities to keep these genetically engineered plants alive and to reproduce them in large quantities. Some propagation techniques are automated and done by machine, but some require checking on the plants by hand. (http://sitn.hms.harvard.edu/flash/2015/how-to-make-a-gmo/)

	The table below summarizes the genetically engineered food crops from the Food and Drug Administration (FDA). The table shows the crop, the source of the inserted gene trait, and the characteristics of the desired trait.
[image: http://i1.wp.com/sitn.hms.harvard.edu/wp-content/uploads/2015/08/How-to-Make-a-GMO-Powell-Final.jpg]Summary of the FDA’s Inventory of Completed Biotechnology Consultations on 
Genetically Engineered Foods as of June 30th, 2015. Crops listed in order of 
relative abundance of genetically engineered crop consultations

(http://sitn.hms.harvard.edu/flash/2015/how-to-make-a-gmo/)

Bacillus thuringiensis (Bt)

	Bacillus thuringiensis (Bt) is a common soil bacterium. It has natural insecticidal qualities which have made it valuable in GMO plants. Bt has been accepted and widely used as a pesticide for applications on natural and organic crops. However, its use in genetically engineered (GMO) applications has been more controversial. The Food and Agriculture Organization of the United Nations (FAO) "estimates that between 20 and 40 percent of global crop yields are reduced each year due to the damage wrought by plant pests and diseases." (http://www.fao.org/news/story/en/item/280489/icode/) In addition, the U.S. Environmental Protection Agency (EPA) estimates that for 2007, there were 1.13 billion pounds of pesticides (herbicides, insecticides, fungicides, etc.) applied to crops in the United States, and that 5.2 billion pounds of these chemical were used worldwide at a cost of 35 billion dollars (https://www.epa.gov/sites/production/files/2015-10/documents/market_estimates2007.pdf).

	By using genetic engineering and transgenic plants (plants made with genetic engineering containing DNA from more than one organism) or GMO plants containing Bt, farmers are able to reduce the use of pesticides while maintaining, or improving, crop yields. Since the 1990s, corn and cotton containing Bt genes have become the primary varieties that are planted in the U.S.

	Bt is commonly found in many soils, from deserts to tundra. It was first isolated in 1901 by Ishiwata Shigetane while studying a disease that killed silkworms, sotto (sudden-collapse) disease. In 1911, Ernst Berliner noted that Bt was toxic to specific insect larvae but not to others. In 1920, Bt began to be used as a natural pesticide on corn crops, and France began making the product, Sporine, in 1938 to kill flour moths. Scientists knew at this time that Bt was toxic to moth (lepidopteran) larvae. However, it was easily washed away by rain and it degraded under sunlight. In 1956, Hannay, Fritz-James, and Angus discovered the parasporal crystal in Bt that was the primary insecticide. By 1958, the U.S. EPA had registered Bt as a commercial pesticide.

	Before 1977, the 13 known strains of Bt were understood to be toxic only to specific species of lepidopteran larvae. But in 1977, subspecies of Bt were identified that were toxic to certain flies (dipteran); and in 1983, Bt strains toxic to beetle (coleopteran) species were found. Today, thousands of strains of Bt are known, and many of them have genes that produce unique pesticide toxins. The use of Bt as a pesticide increased dramatically in the 1980s, as insects became increasingly resistant to some conventional pesticides. (http://www.bt.ucsd.edu/bt_history.html)

[image: http://i1.wp.com/sitn.hms.harvard.edu/wp-content/uploads/2015/08/fig14.png?zoom=1.3224999725818633&resize=648%2C136]

Brief timeline of Bt development and usage

(http://sitn.hms.harvard.edu/flash/2015/insecticidal-plants/)

	In order for Bt to be toxic, it must be eaten by the insect. Because different strains of Bt produce toxins that bind to specific receptors in the insects' stomachs, beneficial insects are not killed, but farmers must carefully match the strain of Bt with the identified pest species.

The Bt toxin dissolve in the high pH insect gut and become active. The toxins then attack the gut cells of the insect, punching holes in the lining. The Bt spores spills out of the gut and germinate in the insect causing death within a couple days. Even though the toxin does not kill the insect immediately, treated plant parts will not be damaged because the insect stops feeding within hours. Bt spores do not spread to other insects or cause disease outbreaks on their own.

(http://www.bt.ucsd.edu/how_bt_work.html)

	Bacillus thuringiensis has been demonstrated to be safe for use in the environment and with humans and other mammals. The EPA has exempted Bt from food residue tolerances, groundwater restrictions, endangered species labeling, and special review requirements.

	In 2001, the US Environmental Protection Agency (EPA; Washington, DC, USA) reassessed the four still registered, but expiring, Bt crops that had been accepted for agricultural use in the preceding six years (from 1995 to October 2001). The Bt crop reassessment approvals included provisions to prevent gene flow from Bt cotton to weedy relatives, increase research data on potential environmental effects and strengthen insect resistance management.

	From this reassessment, the EPA has determined that Bt corn and Bt cotton do not pose unreasonable risks to human health or to the environment.

	Bt plant-incorporated protectants are proteins. Commonly found in the diet, proteins present little risk, except for a few well described cases (such as food allergens, acute toxins and antinutrients). In addition, for the majority of Bt proteins currently registered, the source bacterium has been a registered microbial pesticide previously approved for use on food crops without specific restrictions. Because of their use as microbial pesticides, a long history of safe use is associated with many proteins found in these Bt products.

(https://www.epa.gov/sites/production/files/2015-08/documents/are_bt_crops_safe.pdf)



	The EPA requires farmers to plant refuge areas (non-GMO plants) in the fields along with the Bt crops. This allows insects that may develop resistance to the Bt toxins to have a chance to mate with insects without the resistance. Genetically, the Bt resistance is a recessive trait, so the resistance will not be passed to the offspring. For Bt corn, famers must plant at least 20% of their acreage in non-Bt corn.(http://www.bt.ucsd.edu/crop_refuge.html)
Patterns of planting refuge crops

"Bt crops are planted with alternating rows of regular 
non-Bt crops. The insects that have developed resistance
to Bt have more chances of mating with an insect 
that has not developed resistance to Bt. By the 
laws of genetics, the progenies produced will be 
insects that are not resistant to Bt."

(http://www.bt.ucsd.edu/crop_refuge.html)


	As with every other pesticide (and herbicide) developed and used throughout history, evolution selects for resistance to these controls. China almost exclusively plants Bt cotton; but China does not require refuge crop areas to be planted along with the Bt cotton. Instead, China relies on the assumption that insect pests feed on a variety of crop plants that will naturally dilute he resistant genes that may develop by natural breeding processes. A study of this practice is now returning results. (http://www.nature.com/nbt/journal/v33/n2/full/nbt.3100.html; please note that this is an abstract only; full access requires a subscription or a fee to read the entire article)

A summary of the study from a different source states that:

	Population genetics suggests that, in the absence of refuges, the starting percentage of resistant insects (just under one percent in 2010) would have produced a 98 percent resistant population by the end of the study. If the remaining crops were fully effective as refuges for non-resistant animals, however, the percentage would only be expected to reach 1.1 percent.

	The results, however, were somewhere in between. By 2013, resistance had risen to 5.5 percent. Thus, the other crops are functioning as refuges, though with an efficiency the researchers calculate as roughly half that of non-GMO cotton.

	That's the good news. Part of the bad news is that, over the study period, there was a shift in how the resistance was inherited. At the start, the majority (63 percent) of the animals had resistance that was recessive, meaning the animals needed to inherit two copies of the resistance gene in order to safely eat Bt crops. By the end of the study, 84 percent of the animals had resistance that could be inherited in a dominant fashion, meaning that only a single copy of the resistance gene would be needed. Worse still, the dominant alleles do not seem to cause any other health issues for the insects that carry them.

	This will allow the resistance to spread much more rapidly in the future. In fact, plugging the data back into population biology models suggests that over half the insect pests will be resistant by 2017.

	The authors also note that it could be worse. China only really uses Bt cotton; Brazil uses that plus corn and soybeans and also doesn't pursue a refuge policy.

	There is some hope on the way. As noted above, commercial versions of crops that have two different Bt proteins are already available, and the authors of the paper note that a version carrying a third insecticide is in development. Unfortunately, by the time these arrive on the scene in China, they may be facing insects that already shrug off one of the toxins.

(https://arstechnica.com/science/2014/12/gmo-free-crop-refuges-limit-bugs-ability-to-develop-resistance/)

	So, it is possible that poor agricultural techniques may allow insect pests to develop a dominant gene for resistance to the Bt protein that acts as a natural insecticide in many crop plants. When—not if—this occurs, scientists will be challenged to continue research to develop new pesticides or GMOs with new genes for which the insect pests have not developed resistance.

The Safety of GMO Plants and Foods

	Some consumers question the safety of GMO foods. There are numerous rumors concerning GMOs, and foods produced from GMOs. The safety concerns generally involve environmental safety and consumer health safety. The U.S. Food and Drug Administration (FDA) states that "FDA regulates the safety of food for humans and animals, including foods produced from genetically engineered (GE) plants. Foods from GE plants must meet the same food safety requirements as foods derived from traditionally bred plants." (http://www.fda.gov/Food/IngredientsPackagingLabeling/GEPlants/default.htm)

	One problem associated with assessing risks and benefits of any situation is obtaining reliable and accurate information. The Internet is filled with blogs, Web sites, and "officials" offering "facts" and misrepresentations rather than scientific evidence and conclusions.Results of scientific research concerning
safety of GMOs on human health

(http://sitn.hms.harvard.edu/flash/2015/will-gmos-hurt-my-body/)


	Though knowing who to trust and what to believe regarding this topic is an ongoing battle, major health groups, including the American Medical Association and World Health Organization, have concluded from the research of independent groups worldwide that genetically modified foods are safe for consumers [Tamar Haspel. “Genetically modified foods: What is and isn’t true”. Washington Post. October 15, 2013]. Regarding toxicity, this includes any dangers related to organ health, mutations, pregnancy and offspring, and potential for transfer of genes to the consumer.

(http://sitn.hms.harvard.edu/flash/2015/will-gmos-hurt-my-body/)

	To determine if GMO crops or foods are safe, numerous studies and tests are conducted to ensure that the GMO plant or food has the same nutrition as conventionally grown items. The U.S. FDA has regulations and protocols that plant developers must follow before the modified plant or food is approved for human use.

	Evaluating the safety of food from a genetically engineered plant is a comprehensive process that includes several steps. Generally, the developer identifies the distinguishing attributes of new genetic traits and assesses whether any new material that a person consumed in food made from the genetically engineered plants could be toxic or allergenic. The developer also compares the levels of nutrients in the new genetically engineered plant to traditionally bred plants. This typically includes such nutrients as fiber, protein, fat, vitamins, and minerals. The developer includes this information in a safety assessment, which FDA’s Biotechnology Evaluation Team then evaluates for safety and compliance with the law.

	FDA teams of scientists knowledgeable in genetic engineering, toxicology, chemistry, nutrition, and other scientific areas as needed carefully evaluate the safety assessments taking into account relevant data and information.

	FDA considers a consultation to be complete only when its team of scientists are satisfied with the developer’s safety assessment and have no further questions regarding safety or regulatory issues.

(http://www.fda.gov/Food/IngredientsPackagingLabeling/GEPlants/ucm346030.htm)

	One anti-GMO group, the Institute for Responsible Technology (IRT), reports that rats fed a diet of GMO potatoes developed precancerous cell growth in many internal organs within ten days of eating the modified potatoes (http://responsibletechnology.org/irtnew/docs/119.pdf). However, efforts to scientifically replicate and verify the IRT report of precancerous cells from eating GMO potatoes (or other GMO foods) have been unsuccessful.

	Scientists across the U.S. and the rest of the world have sought to rigorously test the assertions of the IRT and others to uncover any possible toxicity caused by GMOs. To this end, many different types of modifications in various crops have been tested, and the studies have found no evidence that GMOs cause organ toxicity or other adverse health effects.

	In order to see if this GMO potato would have adverse effects on consumer health like those claimed by the IRT, a group of scientists at the National Institute of Toxicological Research in Seoul, Korea fed rats diets containing either GMO potato or non-GMO potato. [G. S. Rhee, D. H. Cho, Y. H. Won, J. H. Seok, S. S. Kim, S. J. Kwack, R. Da Lee, S. Y. Chae, J. W. Kim, B. M. Lee, K. L. Park, and K. S. Choi, “Multigeneration reproductive and developmental toxicity study of bar gene inserted into genetically modified potato on rats.,” J. Toxicol. Environ. Health. A, vol. 68, no. 23–24, pp. 2263–2276, 2005]

For each diet, they tracked male and female rats. To carefully analyze the rats’ health, a histopathological examination of tissues and organs was conducted after the rats died. Histopathology is the examination of organs for disease at the microscopic level (think pathologist doing a biopsy). Histopathological examinations of the reproductive organs, liver, kidneys, and spleen showed no differences between GMO-eating and non-GMO-eating animals.

	(http://sitn.hms.harvard.edu/flash/2015/will-gmos-hurt-my-body/)

	Some consumers are concerned about the potential of GMO foods to cause allergic reactions. As stated above, the FDA closely examines GMO foods for nutritional content and only approves those passing rigorous testing. In 2000, Grace Booth suffered a severe allergic reaction within minutes of eating a corn product (e.g., taco or enchilada) at Taco Bell. Booth ruled out other possible causes, and determined that her near-death experience must be due to the corn product. Earlier in 2000, the consumer watch group Genetically Engineered Food Alert discovered that some Taco Bell products were made from StarLink GMO corn containing a Bacillus thuringiensis toxin (Cry9C).No allergies from the GMO corn in this taco!

(http://sitn.hms.harvard.edu/flash/2015/allergies-and-gmos/)


The StarLink corn had only been approved by the FDA for animal consumption because it had not been thoroughly tested for human use. Several days after Booth ate at Taco Bell, she learned of a nationwide recall of corn products from Taco Bell because the corn may have been contaminated with StarLink GMO corn. However, after an eight-month investigation by the FDA and the Centers for Disease Control and Prevention (CDC), they concluded that Booth's (and 27 other people's) allergic reaction was not due to the StarLink GMO corn. "In a letter from the Centers for Disease Control and Prevention (CDC), Booth and all the others tested were told their blood ‘… did not react to this specific [StarLink] protein.'" (http://www.cbsnews.com/news/genetically-modified-foods-hidden-allergies/)

	Because of the potential for mild or even deadly food allergies, U.S. and international groups require thorough testing of GMO foods before their release to the public.

	According to the international principles of food safety (FAO/WHO) [Food and Agriculture Organization/World Health Organization], before any GMO food gets market approval, the structure of the introduced protein should be compared to all known allergens. Potential allergenicity is then further analyzed with comprehensive experiments. Additionally, as part of post-marketing monitoring, randomly sampled consumers are examined to detect previously unidentified allergenicity. Currently, around 30 GMO crops have received approval in the US, and most of our corn, soybeans, and cotton are GMO crops. To date, no allergens have been found in GMO products approved for human consumption.

(http://sitn.hms.harvard.edu/flash/2015/allergies-and-gmos/)

	In addition to human health issues, some people are concerned that GMOs may have a negative impact on the environment. A concern among some people is the presence of, or transfer of, modified genes into traditional (non-GMO) organisms of the same or different species. This gene flow or transgenic transfer might involve Bt resistance developing in a farmer's organic (non GMO) corn which is planted near GMO corn fields. Or, it may involve the Bt gene transferring to non-targeted native plants, or other insects developing resistance to the Bt gene. Possible strategies to limit gene flow include: engineering GMO crops to reproduce at different times than non-GMO crops, separating by distance between GMO and non-GMO crops genetically manipulating GMOs to be sterile, and re-engineering the Bt gene into chloroplasts rather than DNA so the Bt gene is not sexually reproduced (http://www.fao.org/biotech/logs/c7/summary.htm).

According to the Food and Agriculture Organization of the WHO:

	The environmental impacts of introduced GMOs can be either ecological or genetic and may include:
· unintended effects on the dynamics of populations in the receiving environment as a result of impacts on non-target species, which may occur directly by predation or competition, or indirectly by changes in land use or farming practices;
· unintended effects on biogeochemistry, especially through impacts on soil microbial populations that regulate the flow of nitrogen, phosphorus and other essential elements;
· the transfer of inserted genetic material to other domesticated or native populations, generally known as gene flow, through pollination, mixed matings, dispersal or microbial transfer.
(http://www.fao.org/docrep/003/X9602E/x9602e07.htm)

	The USDA is also tasked with studying and regulating GMOs to prevent unintended negative environmental impacts. The agricultural practices that farmers use when growing GMOs is studied and regulated.

	Other potential risks considered in the assessment of genetically engineered organisms include any environmental effects on birds, mammals, insects, worms, and other organisms, especially in the case of insect or disease resistance traits. This is why the USDA's Animal and Plant Health Inspection Service (APHIS) and the EPA review any environmental impacts of such pest-resistant biotechnology derived crops prior to approval of field-testing and commercial release. Testing on many types of organisms such as honeybees, other beneficial insects, earthworms, and fish is performed to ensure that there are no unintended consequences associated with these crops.

	USDA researchers monitor for potential environmental problems such as insect pests becoming resistant to Bt, a substance that certain crops, such as corn and cotton, have been genetically engineered to produce to protect against insect damage. In addition, in partnership with the Agricultural Research Service (ARS) and the Forest Service, the Cooperative States Research, the National Institute of Food and Agriculture (NIFA) administers the Biotechnology Risk Assessment Research Grants Program (BRAG) which develops science-based information regarding the safety of introducing genetically engineered plants, animals, and microorganisms.

(https://www.usda.gov/wps/portal/usda/usdahome?navid=AGRICULTURE&contentid=BiotechnologyFAQs.xml)

	A comprehensive 2010 report from the prestigious National Research Council (NRC) assessed the environmental, economic, and social impacts of the genetic engineering of crops in the U.S. This important study and summary looks at genetic engineering from 1996 through 2009. The report detailed effects of GE crops with respect to pesticide use and crop tillage, the effects of Bt-modified plants on the environment, glyphosate use, and gene flow between species of corn and soybean. The risks associated with GE crops was also addressed.

	The evidence shows that the planting of GE crops has largely resulted in less adverse or equivalent effects on the farm environment compared with the conventional non-GE systems that GE crops replaced. A key improvement has been the change to pesticide regimens that apply less pesticide or that use pesticides with lower toxicity to the environment but that have more consistent efficacy than conventional pesticide regimens used on non-GE versions of the crops.

	At least one potential environmental risk associated with the first phase of GE crops has surfaced: Some adopters of GE crops rely heavily on a single pesticide to control targeted pests, and this leads to a buildup of pest resistance regardless of whether GE crops or non-GE crops are involved. The governmental regulation of GE Bt crops through refuge requirements seems to have proved effective in delaying buildup of insect resistance with two reported exceptions, which have not had major consequences in the United States. Grower decisions to use repeated applications of particular herbicides to some HR crops have led, in some documented cases, to evolved herbicide-resistance problems and shifts in the weed community. In contrast with Bt-crop refuge requirements, no public or private mechanisms for delaying weed resistance have been extensively implemented. … The newest HR varieties likely will have tolerance to more than one herbicide, and this would allow easier herbicide rotation or mixing, and, in theory, help to improve the durability of herbicide effectiveness. These new stacked varieties will be one more tool to help manage the evolution of weed as well as insect resistance.

	The potential for gene flow via cross-pollination between current major GE crops and wild or weedy relatives is limited to cotton in small spatial scales in the United States because the other major GE crops have no native relatives. How this changes in the future will depend on what GE crops are commercialized, whether related species with which they are capable of interbreeding are present, and the consequences of such interbreeding for weed management. Gene flow (i.e., the adventitious presence) of legal GE traits in non-GE crops and derived products remains a serious concern for farmers whose market access depends on adhering to strict non-GE standards.

	The literature reviewed in this report indicates that a majority of U.S. farmers who grow soybean, corn, or cotton have generally found GE varieties with herbicide-resistance and insect-resistance traits advantageous because of their superior efficacy in pest control; their concomitant economic, environmental, and presumed personal health advantages; or their convenience. The extent of the benefits varies among locations, crops, and specific genetic-engineering technologies.

	After some early evidence of yield disadvantages for some GE varieties in the United States, studies have now shown either a moderate boost in yields of some crops or a neutral yield effect. Some emerging evidence suggests that the attractiveness of genetic-engineering technology for soybean, cotton, and corn has increased the global acreage planted to these crops over what would have been planted otherwise and thereby increased global commodity supplies (World Bank, 2007; Brookes and Barfoot, 2009).

	The historic social repercussions of introducing new technologies in agriculture, such as mechanization and the widespread planting of hybrid corn, have been studied extensively, and the results of the studies provide a basis for understanding the general effects of introducing GE varieties of crops. Despite the salience of those effects, however, there has been little investigation of farm-level and community-level social impacts of GE crops. The new seed technologies raise important potential social issues about farm structure, the input and seed choices available to farmers, and the genetic diversity of seeds. Among the known social facts associated with the dissemination of GE crops are the continued consolidation of the seed industry and its integration with the chemical industry. Another is the change in relationships between farmers and their seed suppliers.

(https://www.nap.edu/catalog/12804/the-impact-of-genetically-engineered-crops-on-farm-sustainability-in-the-united-states)

	The same NRC report summarized five challenges facing GE crops. They are:
· the possibility of a lack of competition among large companies producing GE seeds and limited options for farmers not using GE seeds
· monitoring the environmental impacts and health of soils, water, and air as herbicide-resistant and insect-resistant crops increase in acreage
· developing of "minor crops" like fruits and vegetables lag in GE development as do some traits like drought resistance and nutrient absorption; the presence of transgenic genetic material in traditional (non-GE) crops
· market restrictions from some countries or companies may slow the sale or importation of GE crops.

Hydrogen bonding

	An important intermolecular attraction that is critical in the structure of the DNA double helix is the hydrogen bond (a type of van der Waals force). In reality, hydrogen bonds are a special case of dipole forces where the hydrogen atom of one molecule is attracted to the electronegative atom of another molecule, typically nitrogen, oxygen, or fluorine. The hydrogen atom acquires a slight positive charge due to unequal electron distribution, while the other atom—with one or more unshared electron pairs—has a negative charge. The resulting electrostatic attraction forms the hydrogen bond.

	Hydrogen bonding is considered a special case of dipole force because the strength of attraction between the affected atoms is stronger than typical dipole forces. Yet, hydrogen bonds are usually considered to be a weak attractive force and are only about one-tenth of the strength of a typical covalent bond. The strength of hydrogen bonds is often broken into three categories. The majority of hydrogen bonds fall into the weak classification, with bond strengths of 0–4 kcal/mol. The moderate range includes the bonds with 5–14 kcal/mol. The very strong hydrogen bonds are those with 15–40 kcal/mol bond strength. (Ansyln, E.; Dougherty, D. Modern Physical Organic Chemistry; University Science Books: Sausalito, California, 2005; p 171)



	There are two types of hydrogen bonds, intramolecular and intermolecular. In the intramolecular type, the hydrogen bonds occur within a molecule. The functional groups within the molecule are capable of forming electropositive hydrogen atoms and electronegative atoms, such as the oxygen in a hydroxyl group or the nitrogen in an amine group. An example of this intramolecular hydrogen bonding occurs in ortho-nitrophenol between the –NO2 and the –OH groups seen at right.Ortho-nitrophenol	Salicylaldehyde

Intramolecular hydrogen bonding within 
a) ortho-nitrophenol and b) salicylaldehyde

(http://chemistry.tutorvista.com/physical-chemistry/hydrogen-bonding.html)


	The intermolecular hydrogen bonding takes place between separate, adjacent molecules. This is by far the most typical type of hydrogen bonding. The molecules may be the same (as in water), or they may be different (as in ammonia and water, or adenine and thymine) (see structures at left). As long as there is a lone pair of electrons (e.g., from the nitrogen in ammonia) to act as an electron donor for the electropositive hydrogen (e.g., from the water molecule), the molecules can interact to form the intermolecular hydrogen bond.Intermolecular hydrogen bonding 
between ammonia and water

(http://www.slideshare.net/pedagogics/2012-topic-43-intermolecular-forces-and-physical-properties)
●
●




	Hydrogen bonds are often discussed with respect to the properties of water, but in the context of the Wendel article, the focus is on the attraction between base-pairs in the DNA helix. The five nitrogen-containing bases found in RNA and DNA (adenine, guanine, cytosine, thymine, and uracil) are structurally all planar molecules; they are relatively flat and rigid. The nitrogen atoms in one base pair are geometrically situated so that they attract hydrogen atoms in the compatible base. So structurally, adenine pairs with thymine (in DNA) or uracil (In RNA), and cytosine pairs with guanine, due to the location of the electronegative nitrogen and the electropositive hydrogen atoms. There are only two hydrogen bonds formed between each adenine-thymine base pair, and there are three hydrogen bonds formed between the cytosine-guanine base pair. These hydrogen bonds are of sufficient strength to hold the double strands of nucleic material in either RNA or DNA, and yet weak enough to separate and not break the genetic strands and allow these genetic strands to separate during transcription or replication.Hydrogen bond
Hydrogen bonding between DNA strands

(http://academic.brooklyn.cuny.edu/biology/bio4fv/page/molecular%20biology/dna-structure.html)


	While hydrogen bonds are typically thought of as weak interactions, they are of utmost importance in understanding the bonding, structure, and behavior of RNA and DNA, as well as that of water. Individually, hydrogen bonds may be weaker than traditional covalent or ionic bonds, but their collective effect is powerful. Water has the densest concentration of hydrogen bonds of common substances, but their effect can be significant in many important materials, including DNA and proteins.

Proteins and hydrolysis reactions (digestion)

	The GMO foods that people consume contain proteins made by the genetically modified plants. Some individuals are concerned with possible adverse reactions, such as allergies, in people who eat these foods. The allergens in foods are typically proteins. Currently, about 30 GMO crops have received approval for use in the U.S., and no allergens for human consumption have been identified in GMO crop foods. (http://sitn.hms.harvard.edu/flash/2015/allergies-and-gmos/). To allay the fear of GMO food allergens, it is necessary to understand the structure of proteins (both conventional and genetically modified) and the digestion of proteins in the stomach.

	Proteins are polypeptides (i.e., long strands of amino acids joined by peptide bonds). They occur naturally in plants and animals, and some proteins function as biological catalysts, or enzymes. There are 20 common amino acids that are used as the building blocks for all proteins on earth, and these amino acids are identical, regardless of whether they come from a plant, or animal—or human—or from a traditional or a GE food protein.

The amino acids comprising proteins each contain two functional groups, carboxyl 
(–COOH) and amino (–NH2). Two amino acids can undergo a condensation reaction and form a peptide bond between them (diagram at right). The –OH group is removed from the carboxylic acid end of one amino acid, and the H+ ion is removed from the amine end of the second amino acid molecule, forming the water molecule.Condensation reaction between two amino acids

(http://27.109.7.67:1111/econtent/basic-chemistry-III/peptide-proteins.php)


	When proteins are chewed and swallowed, they enter the stomach where pepsin, a protein enzyme (protease), is produced to begin the breakdown (digestion) of the proteins. The process of protein digestion continues in the small intestine where more enzymes, trypsin and chymotrypsin, from the pancreas are released, along with other peptidases (peptide enzymes) from the pancreas and small intestine. The action of these protein enzymes break the large protein molecules into smaller and smaller peptides—ultimately into the same amino acids from which the proteins were formed. Regardless of whether the protein was produced in a conventional plant or in a GMO plant, the protein structure and the digestive process render the ingested protein into the identical 20 amino acid molecules.


	The chemical reaction involved in the digestion of the proteins is a hydrolysis reaction. Hydrolysis is the reverse reaction of the condensation reaction that chemically combined the amino acids into peptides and proteins in the first place. By inserting a water molecule—in the form of a) a hydroxyl group added to a carboxyl group on one amino acid, and b) a hydrogen ion added to an amine group on the other amino acid—the peptide bond is broken and the amino acids are returned to their free form. Therefore, regardless of the origin of the protein (GMO or conventional food), the digestive process is identical and produces the same 20 amino acids, which are indistinguishable from the GMO or conventional food.Condensation and hydrolysis in peptides are the same process in reverse

(http://a.files.bbci.co.uk/bam/live/content/zsbvcdm/large)


Golden Rice

	A leading cause of blindness and related deaths of small children is vitamin A deficiency (VAD). It is estimated that in countries where rice is the primary food crop, as well as other countries throughout the world, 250 million preschool children are affected by VAD. Deaths among these children under the age of five could be reduced by one-third if they had an adequate dietary intake of vitamin A.

	“This world map [below] from «Sight and Life» shows the impressive spread of clinical and subclinical VAD: brown, clinical; red, acute subclinical; orange, subclinical.”
Global occurrence of vitamin A Deficiency (VAD)

(http://www.goldenrice.org/Content2-How/how5_health.php)


“All developing countries are affected by multiple micronutrient deficiencies. In the case of vitamin A the most affected regions are Africa and SE Asia.” (http://www.goldenrice.org/Content2-How/how5_health.php)

	Golden rice is a genetically engineered (GE) food designed to prevent the malnutrition associated with childhood blindness and deaths due to VAD. The addition of two genes in rice to produce beta-carotene (a precursor of vitamin A) can supply the needed vitamin A and reduce or eliminate VAD.

	Golden Rice technology is based on the simple principle that rice plants possess the whole machinery to synthesise β-carotene, and while this machinery is fully active in leaves, parts of it are turned off in the grain. By adding only two genes, a plant phytoene synthase (psy) and a bacterial phytoene desaturase (crt I), the pathway is turned back on and β-carotene consequently accumulates in the grain.

(http://www.goldenrice.org/Content2-How/how1_sci.php)

	As mentioned previously, in 1973, Herbert Boyer (University of California San Francisco) and Stanley Cohen (Stanford University) achieved the first genetically engineered organism. By the early 1990s, sufficient data had been accumulated to encourage Peter Beyer (Professor, Centre for Applied Biosciences, Univ. of Freiburg, Germany) and Ingo Potrykus (Professor Emeritus, Institute for Plant Sciences, Switzerland) to collaborate and defeat VAD. Through their GMO work, rice expressing the beta-carotene gene, Golden Rice, was achieved in 1999, and the event was published in 2000. Further research and modification has produced improved versions of the Golden Rice.

[image: &quot;Golden Rice&quot; ]	With the backing of Peter Raven of the Missouri Botanical Garden in Saint Louis, Missouri, the US popular media and scientific press widely promoted the creation of Golden Rice. The resulting paper in 2000, “Engineering the Provitamin A (beta-Carotene) Biosynthetic Pathway into (Carotenoid-Free) Rice Endosperm,” had greater than 1300 citations as of 2013. Since the initial experiments with rice, scientists have engineered other crops, including maize and potato, to produce beta-carotene using different biochemical pathways.(https://embryo.asu.edu/pages/golden-rice)
Golden rice and traditional white rice

(http://www.slate.com/articles/health_and_science/new_scientist/2013/10/golden_rice_inventor_ingo_potrykus_greenpeace_and_others_wicked_for_opposition.html)







	The opposition to Golden Rice was almost immediate from its invention. Greenpeace International states that "GE 'Golden' rice is a proposed but not practically viable crop solution that has never been brought to market. It is also environmentally irresponsible and could compromise food, nutrition and financial security."(http://www.greenpeace.org/international/en/campaigns/agriculture/problem/Greenpeace-and-Golden-Rice/)
The cover of Time magazine from July 31, 2000

(http://content.time.com/time/magazine/0,9263,7601000731,00.html)


Greenpeace opposes the release of any GE crops. They believe Golden Rice does not supply sufficient vitamin A to combat VAD, and that the money spent in the development of Golden Rice could have been used on more practical VAD solutions. With this early and consistent opposition, Golden Rice has faced an uphill battle.

There was an insufficient amount of research data at that time to prove that Golden Rice and its improved successors could meet the dietary requirements of growing children. Ingo Potrykus (Golden Rice Board and Network) continues to fight for Golden Rice. In 2012, Tufts University published a research study validating the efficacy of Golden Rice to supply the necessary vitamin A, but the research was contested due to improper protocols. In an interview, Ingo Potrykus responded with this:

	It was a long experiment by a group at Tufts University with colleagues from China. The outcome was fantastic. It was basically as good as it could be, with each pair of beta-carotene molecules in the rice being converted in the body to one molecule of vitamin A, the theoretical maximum. This is four times better than the conversion from spinach, which took between 7 and 8 molecules of beta-carotene to make each molecule of vitamin A.

	Tufts has recently come out with a statement after studying what happened. It seems that the researchers didn't fully inform the participants in the trial that their children would be eating something that had been genetically modified, and that's been used by Greenpeace to turn everything upside down. But the important message from the Tufts report is that despite the procedural irregularities, the scientific data from the experiment stands firm and valid, that a single serving of rice provides 60 per cent of the recommended intake [of Vitamin A] for children.

(http://www.goldenrice.org/PDFs/New_Scientist_interview.pdf)

	Unfortunately, as of 2013, no countries commercially grow this life-changing crop. "Golden Rice is a technology that intersects scientific and ethical debates that extend beyond a grain of rice." (https://embryo.asu.edu/pages/golden-rice) The ability to reduce or end VAD-related blindness in approximately 500,000 children each year, and to reduced childhood deaths associated with VAD malnutrition is mired in controversy and public relations nightmares.

	As of 2013, tests of Golden Rice remained in field trials. IRRI [the International Rice Research Institute], partnered with Helen Keller International, plans to introduce Golden Rice in Bangladesh and in the Philippines by crossing it with local, high-yielding rice varieties. While IRRI has participated in the Golden Rice project nearly since its invention, Helen Keller International, headquartered in New York, New York, joined the project in 2011 to support the public health benefits of vitamin A, which can prevent blindness. In the US, the Rockefeller Foundation, the United States Agency for International Development, and the Bill & Melinda Gates Foundation supported the Golden Rice project at IRRI. The Bill & Melinda Gates Foundation, headquartered in Seattle, Washington, became a supporter of the Golden Rice project in 2011. Furthermore, the government of Bangladesh approved field trials of Golden Rice, and in 2012 estimated that varieties would be available for consumption by 2015.A child with blindness related to VAD

(http://www.goldenrice.org/Content3-Why/why.php)

	(https://embryo.asu.edu/pages/golden-rice)

[bookmark: _Toc478389367]Connections to Chemistry Concepts (for correlation to course curriculum)

1. Hydrogen bonding—Students typically associate hydrogen bonding with water. However, it is also a significant force in the tertiary structure of proteins and the bonding between the double-helical strands of comprising DNA.
2. Hydrolysis reactions—Many students are taught a few general types of reactions such as combustion and double replacement. Sometimes, students have the misconception that only these few types of reactions occur. Including reactions like the hydrolysis of proteins as examples of types of chemical reactions may dispel that misconception and help students relate to the digestion of food as an important chemical reaction and a connection to biology courses.
3. Organic functional groups—Typical functional groups introduced in high school chemistry are few and may include hydroxyl, carboxylic acid, and ester. By including the amine group with the others, teachers can assist students' understandings of biochemical molecules, including proteins, DNA, and carbohydrates. Students will better understand the composition of proteins from amino acids that contain both carboxylic acid and amine groups. Also, the base-pairings in DNA depend upon functional groups producing hydrogen bonds.
4. Acid-base chemistry—In proteins and amino acids, the carboxyl groups are acids, and the amino groups are bases. Teachers can use these organic functional groups when teaching acid-base reactions, neutralization, and titrations along with the traditional inorganic acids and bases.
5. Biochemistry—Teachers can engage high school students with connections to current and interesting news items, including genetic engineering, GMOs, and food chemistry, by incorporating biochemistry examples in their courses. Use biochemical examples of chemical reactions, properties of molecules, temperature dependence of reactions such as digestion, and processes such as scientific investigations of claims of benefit or harm from chemical compounds, methods, or products.
6. Polymers—Some of the molecules discussed in the article, DNA and proteins, are examples of natural polymers. The concept of a polymer's composition containing repeated units (monomers) can be reinforced from studying the repeated nucleobases in DNA and from the repeated amino acids in proteins.

[bookmark: _Toc478389368]Possible Student Misconceptions (to aid teacher in addressing misconceptions)

1. “Genetic manipulation of plants for food is a recent event, probably starting in about the 1980s.” Genetic manipulation of food has taken place since mankind began domesticating plants and animals by selective breeding. For example, corn as we know it today was not always a large, plump kernel. It started out as a small, grass seed, called teosinite and has been improved by selective breeding for thousands of years.
2. “GMO foods are not natural; therefore, they are bad for you.” GMO foods are natural. Some GMO foods are advertised as organic or all natural because some of them can be raised without the use of commercial pesticides. The inclusion of beneficial DNA from another plant or bacterium in the GMO food’s DNA can reduce or eliminate the need for pesticides to reduce damage to the plant from specific insects and diseases. Eliminating the use of broad- spectrum insecticides and other disease-preventative sprays is healthier for the plant and the environment.
3. “Genetically modified plants can go wild and spread across the world causing a danger to our natural food plants.” While it is true that some genetically modified food plants contain bacterial DNA, or a different plant's DNA, governmental research has demonstrated that the probability of GMO plants endangering our natural food plants is so low that it poses essentially no risk. The problem of outcrossing (genes from the genetically modified plant spreading to conventional crops or to wild species of the plant) can be an issue. Some countries are making laws that will promote practices to prevent outcrossing and adopting agricultural techniques to prevent the event.
4. “All of our foods are contaminated with GMOs.” This is dependent upon your diet. If you eat large quantities of highly processed, sugary, or fried foods, then it may be a true statement. Only corn, soybeans, canola (oil), some squash, and Hawaiian papaya are commercially-produced, genetically-modified food plants in large supply. The corn may be found as corn, corn meal, or as high-fructose sweetener used in many sweetened drinks, bakery goods, and snack foods; soy may be found in foods as soy milk, soy protein, tofu, or vegetable oil, and soy flour is a common additive in many processed foods; canola may be found in processed foods or as a cooking oil. However, if you eat more fresh fruits, vegetables, and grains, then you will likely consume few genetically modified food plants.

[bookmark: _Toc478389369]Anticipating Student Questions (answers to questions students might ask in class)

1. “Is it true that the government does not require GMOs to be labeled? How will I know if I'm eating food with GMOs?” Yes, it is true that the federal Food and Drug Administration does not require GMOs to be labeled as such. Their research has shown that the GMOs are not different than conventional food sources. The FDA has approved a voluntary label that food companies can use on meats and liquid egg products that are sourced from animals raised without GMO feed once they have provided satisfactory evidence that they meet the standards. Unless you grow all of your own food, you will likely consume some genetically modified food ingredients as sweeteners, and other corn products, and as soy or soy products.
2. “Can GMOs be good for people?” Yes. For example, Golden Rice (see Golden Rice in the Background Information section above) is a GMO-containing beta-carotene that can reduce or eliminate certain eye diseases in children living in areas where rice is the primary grain crop. GMOs can also increase crop yields and reduce starvation in the world. GMOs can reduce food damage and spoilage from grower to market to table and cut down food costs and waste.
3. “Are there any dangers associated with GMOs?” There is nothing without some risk or liability. The dangers associated with GMOs are primarily those stemming from a lack of information and understanding about what they are and what they are not. For about 20 years, much of the corn and soybean products consumed in the United States has come from genetically modified varieties of these foods. The misconceptions and lack of knowledge of GMOs contribute to a fear of them. Research has shown that GMOs do not pose a health risk and that they are not an environmental problem-when planted properly. As with all things, improper planting of GMOs or manipulation by unscrupulous people could result in problems.
4. “Is it really illegal to grow GMO seeds?” Yes. GMOs are patent-protected organisms which have been developed at great expense by seed or research companies. Just as it would be illegal for a person to copy music or plagiarize a play, it is illegal for a person to grow GMOs from seed they have saved from harvest without buying the new GMO seed or paying the royalty for the seed. Companies typically only pursue individuals who flagrantly violate this rule. Incidental growth of genetically modified plants from errant seed are not likely to be sued.
5. “Why do some of my friends call GMO foods ‘Frankenfood’?” Frankenstein was a scientist in Mary Shelly's book Frankenstein; or the Modern Prometheus who created a living creature in his laboratory using chemistry, alchemy, and various apparatus. The creature is commonly referred to as Frankenstein even though that was the creature's creator's name. So, Frankenfood is a slang reference to food that has been altered or created in a laboratory.

[bookmark: _Toc478389370]Activities

Labs and Demos

1. Virtual lab—designing a transgenic organism: Students will have the opportunity to insert the gene from one organism into a different organism in "Gene Splicing". The virtual lab is a series of slides that students navigate as they engineer their organism. The Web site provides assistance for students, with diagrams, a help section, and a journal section where students can answer questions. (http://www.mhhe.com/biosci/genbio/virtual_labs/BL_22/BL_22.html)
A teacher-generated addition to this virtual lab with additional student directions is located at http://olympia.osd.wednet.edu/media/olympia/departments/science/baker/biology/unit4/gene_splicing_activity.pdf.
2. Paper lab simulation of recombinant DNA: Students simulate inserting a paper section of plasmid DNA into a paper human DNA sequence in "DNA Analysis – Simulating Recombination". The Web site has a link to the student materials and instructions on completing the activity. Student discussion questions are provided, but there are no teacher support materials or answers. (https://www.biologycorner.com/worksheets/DNA_analysis_recombination.html)
3. A paper clip lab to simulate gene splicing: Genetic Engineering includes a lab simulation activity, "Gene Splicing", and a research/discussion activity, "Recombinant DNA", which may be useful for students. The "Gene Splicing" simulation uses colored paper clips to represent the four DNA nucleotides, and directs students to construct a DNA sequence and then splice a plasmid sequence into the DNA strand. Thorough directions with diagrams accompany the lesson. The lesson concludes with questions for the students to complete and discussion starters for small group work. The "recombinant DNA" lesson may be less useful; it is a follow-up to "Gene Splicing", and is a read-and-answer-questions activity. (http://staff.4j.lane.edu/~mitchell_ja/Mitchells_Site/Biology_files/Genetics%2038.pdf)
4. Modeling DNA with student bodies and chenille stems: "Modeling DNA" includes two activities to reinforce student understanding of DNA structure. In the first, students use their hands and arms (with codes on the hands) to represent individual nucleotides. Students line up in a double line pairing with the complementary bases. The lesson is built on the 5E model. The second activity uses colored chenille stems to build a simulated DNA sequence. Teachers could use a bit of creativity to modify the first activity and simulate cutting DNA with restriction enzymes and inserting a new section of gene. Assessment and correlations to NGSS are provided. This is the print version of the article: Robertson, C. Modeling DNA. The Science Teacher, 2016, 83 (5), pp 26–32, and the article is available for free at http://static.nsta.org/files/tst1605_26.pdf.
5. Three lab tests to distinguish DNA from protein: The Journal of Chemical Education published an article where three tests are used to identify whether polymer fibers extracted from foods are either DNA or protein. The tests use temperature, an acid-medium effect, and a qualitative protein test for confirmation. The procedures with pictures, potential hazards, and instructor notes (online) are included. (http://pubs.acs.org/doi/pdf/10.1021/ed200686e); note that this link is a brief abstract only, the full article is only available to American Chemical Society members or subscribers to the journal. The citation for the print article is: López-Valentín, D.; Pulido-Corboda, L.; Chavez-Reyes, A. An Easy Way to Distinguish DNA from Protein: An Experiment for General Chemistry. J. Chem. Educ., 2012, 89 (10), pp 1333–1335.

Simulations

1. Simulation of gene expression: In the PhET simulation, "Gene Expression—The Basics", students can study gene expression, DNA transcription, and protein synthesis as they generate and collect data exploring the factors affecting protein synthesis in cells. (https://phet.colorado.edu/en/simulation/legacy/gene-expression-basics)

Media

	Videos

1. Artificial selection in corn: This brief video clip from the Howard Hughes Medical Institute, "Breeding Corn from Teosinte" (0:53), gives a quick overview of how humans have used artificial selection over time to improve the characteristics of corn. (https://www.hhmi.org/biointeractive/breeding-corn-teosinte) The video clip is from the longer program, "Selection in Action" (58:29), explaining natural and human (artificial) selection in dogs, maize, and stickleback fish. (https://www.hhmi.org/biointeractive/selection-action)
2. The genetic engineering process: Another Howard Hughes Medical Institute video clip, "Genetic Engineering" (1:13), provides a nice animation of how a new gene can be inserted into a plasmid loop. (http://www.hhmi.org/biointeractive/genetic-engineering)
3. Amino acids and their structure: The Khan Academy video "Introduction to Amino Acids" (9:53) provides a biochemistry review for students of the amino acids, their functional groups, side chains, and other details. (https://www.khanacademy.org/science/biology/macromolecules/proteins-and-amino-acids/v/introduction-to-amino-acids)
4. Peptide bond formation: This Khan Academy video continues the instruction from the one above. "Peptide Bond Formation" (8:25) shows and explains how amino acids are joined together by a condensation reaction forming a peptide bond. (https://www.khanacademy.org/science/biology/macromolecules/proteins-and-amino-acids/v/peptide-bond-formation)
5. Peptide bonds and cleavage: This Khan Academy video, "Peptide Bonds: Formation and Cleavage" (7:10), is a more advanced treatment of peptide bonds than the one above. (https://www.khanacademy.org/test-prep/mcat/biomolecules/amino-acids-and-proteins1/v/peptide-bond-formation-and-cleavage)
6. Forming recombinant DNA: Another Khan Academy video, "DNA Cloning and Recombinant DNA" (11:07), focuses more on DNA cloning, but it includes the use of restriction enzymes to cut and splice genes together to make recombinant DNA. (https://www.khanacademy.org/science/biology/biotech-dna-technology/dna-cloning-tutorial/v/dna-cloning-and-recombinant-dna)
7. TEDx video on GMO controversies: Borut Bohanec (Professor at University of Ljubljana, Biotechnical Faculty, Agronomy Department) speaks about the need for better public understanding of GMOs in “GMO Controversies: Science vs. Public Fear" (16:41). (https://www.youtube.com/watch?v=mz4_TwdaYeI)
8. PBS documentary of DNA and genetic engineering: This video is one of five episodes about DNA. The video "DNA—Episode 2 of 5—Playing God" (53:00) starts with the first genetic engineering experiment in 1973 with Herbert Boyer and Stanley Cohen and looks at genetic engineering's impact, problems, and potential through interviews with key scientists. (https://www.youtube.com/watch?v=M3wg-W3Slow)
9. PBS News Hour on Golden Rice in the Philippines: "GMO Debate Grows over Golden Rice in the Philippines" (8:24) is a news report by science correspondent Miles O'Brien about vitamin A deficiency in children in the Philippines. He reports on the controversy over growing and eating Golden Rice. (https://www.youtube.com/watch?v=Ayv_EYi43E8)
10. Molecular biology and genetic engineering: Paul Anderson, educational consultant and video creator at Bozeman Science, explains the major procedures in molecular biology including genetic engineering techniques in "Molecular Biology" (14:32). (https://www.youtube.com/watch?v=yYIZgS-L5Sc&feature=youtu.be)
11. Genetic engineering: This video from the Massachusetts Institute of Technology uses scissors and paper strands to model and explain the complex process involved in genetic engineering. View "Genetic Engineering" (7:20) at https://www.youtube.com/watch?v=nfC689ElUVk.
12. Animation of DNA recombination: The DNA Learning Center is part of the Cold Spring Harbor Laboratory, and they supply this video animation clip, "Mechanism of Recombination" (1:12), showing how a gene is inserted into a bacterial plasmid. (https://www.youtube.com/watch?v=8rXizmLjegI)
13. Briefing on Genetically Engineered Crops: Experiences and Prospects: The National Academies of Sciences released an important book, Genetically Engineered Crops: Experiences and Prospects. A video report briefing, "Genetically Engineered Crops: Experiences and Prospects Release Briefing" (41:40), accompanied the release of the book.
14. Review of hydrogen bonds: In "Hydrogen Bonding and Common Mistakes" (8:59), students can review the formation of hydrogen bonds and learn about possible misconceptions or mistakes. (https://www.youtube.com/watch?v=PyC5r2mB4d4)

	Infographics

1. DNA: The chemistry Web site Compound Interest provides a colorful infographic, "DNA", at http://www.compoundchem.com/2015/03/24/dna/. The Web site includes a description of DNA composition and structure, research leading to the discovery of DNA, and other interesting facts.
2. Amino acids: Another Compound Interest infographic, "A Guide to the Twenty Common Amino Acids", provides a pictorial grouping of the common amino acids with their structures, as well as supporting details and further information. (http://www.compoundchem.com/2014/09/16/aminoacids/)
3. Chemical reactions: A summary of condensation and hydrolysis reactions is included in "Chemical Reactions—Part II" from Compound Interest. The Web site gives a synopsis and an example of the reaction types, as well. (http://www.compoundchem.com/2014/05/11/chemical-reactions-posters-part-ii/)
4. Pros and cons of GMOs: "The Good, the Bad, and the Ugly: A Snapshot of the GMO Debate" is an infographic presenting the positives and negatives of GMOs. It is presented by Carrington College, and is located at http://carrington.edu/blog/student-tips/health/genetically-modified-food-pros-and-cons/.

	PowerPoint presentations

1. GMOs: This 12-slide presentation gives a quick introduction into defining GMOs, differentiating genetically modified and genetically engineered organisms, and common plants that are altered. (https://www.ces.ncsu.edu/wp-content/uploads/2015/10/1-what-is-a-gmo.ppt)
2. North Carolina Cooperative Extension Presentation on GMOs—Part I: This presentation focuses on North Carolina, but has many slides and much information applicable to any locale. The 54-slide presentation, "GMO Presentation", has useful images and graphics, along with excellent introductory material containing definitions, reasons for using GMOs, and herbicide resistance. (https://www.ces.ncsu.edu/wp-content/uploads/2015/12/GMO-presentation_Edmisten_ExtConf2015-part-1.pptx)
3. North Carolina Cooperative Extension Presentation on GMOs—Part II: The presentation above continues with the second part, "GMO Presentation—Part II". This presentation is also 54 slides in length. (https://www.ces.ncsu.edu/wp-content/uploads/2015/12/GMO-presentation_Edmisten_ExtConf2015-part-2.pptx)
4. Genetic engineering: "Genetic Engineering and Recombinant DNA" is a 33-slide PowerPoint presentation. The slides are simple black and white design with some graphics and color images. The information is straight-forward, and it includes some animal examples. (http://clt.astate.edu/mgilmore/Biol%201003/13%20Genetic%20Engineering.ppt)
5. Transgenic cotton in Arizona: While the focus may be on Arizona cotton, the information presented in "Transgenic Cotton for Insect Control" includes good information on Bacillus thuringiensis use in plants like cotton. The presentation includes 36 slides. (https://cals.arizona.edu/crop/presentations/ellsworthperu2002.ppt)
6. Golden Rice: "Golden Rice: A Boon or Bane" contains 17 slides providing information and comparisons of Golden Rice 1 and Golden Rice 2 (the improved version). Slides show the beta-carotene pathway problem in plants and other aspects of the rice controversy. (https://www.ohio.edu/plantbio/staff/showalte/PBIO%20450%20&%20550/Basu.pptx)
7. Golden Rice and other golden crops: This 50-slide PowerPoint, “Golden Rice and Golden Crops", was presented by Peter Beyer (University of Freiburg) at the Pontifical Academy of Science, the Vatican, in 2009. It is a comprehensive presentation on the development of, need for, and the biotechnology of Golden Rice. (http://www.pitt.edu/~super4/35011-36001/35741.ppt)
8. Amino acids and proteins: This college-level presentation, "Amino Acids, Peptides, and Proteins", is an excellent review of the amino acids and the condensation reaction forming peptide bonds and proteins. There are 32 slides in the presentation, which goes deeper than the Wendel article, but it would be enrichment for some students. (http://as.vanderbilt.edu/chemistry/Rizzo/Chem220b/Ch25.ppt)
9. Review of hydrogen bonding: for a quick seven-slide review of hydrogen bonding, see "Introduction to Hydrogen Bonding" at http://www.creative-chemistry.org.uk/presentations/alevel/hydrogenbonding1.ppt.

Lessons and Lesson Plans

1. Genetically modified crops lesson plan: The National Agriculture in the Classroom organization provides a set of three activities (2-3 hours, total) designed for grades 9–12. The 2016 "Genetically Modified Crops" lesson "… provides students with a brief overview of the technology, equipping them with the ability to evaluate the social, environmental, and economic arguments for and against genetically modified crops." PowerPoints, student handouts, and links to lesson materials are provided along with suggested companion resources and additional credits and links. (http://www.agclassroom.org/teacher/matrix/lessonplan.cfm?lpid=86)
2. Introduction to GMO and genetic engineering lesson: This 70-minute lesson is written for grades 6–8, but may be useful for high school students, too. "Genetic Engineering and Genetically Modified Organisms: Forming Informed Opinions" is the introductory lesson prior to a two-week independent student research project on GMO topics. Background material with links to Web-based content, vocabulary, links to student materials, and student procedures are provided. Assessment activities include a K-W-L chart, and complementary activities and extension ideas are provided. Three infographics are part of the supplied materials. (https://www.uaf.edu/case/lessons-1/GMOs.pdf)
3. Lesson investigating GMOs through comparison to jabberjays from The Hunger Games: Students learn about genetically engineered organisms using the jabberjays in the movie, The Hunger Games in "'Hunger Games' Science: Investigating Genetically Engineered Organisms". The lesson overview states, "… students discuss the definition of genetically modified organisms, learn about the risks and benefits of research on G.M.O.’s, explore the growing do-it-yourself biology movement, and develop proposals seeking to either restrict or permit research into genetically modifying the avian flu virus." Students will need Internet access to use the links in the lesson. No timeframe is provided, but the reading, research, student group work, presentations, and possible extensions would likely require multiple class periods. (https://learning.blogs.nytimes.com/2012/05/16/hunger-games-science-investigating-genetically-engineered-organisms/?_r=0)
4. Role play lesson on genetically modified foods: "Supertomatoes or Frankenfoods?" requires one or two 50-minute classes to have students identify three different viewpoints about the advantages and disadvantages of biotechnology and foods. The role cards for students and a student record sheet to use during the presentations are included. Only minimal teacher support and background are provided, and assessment is not addressed. (https://www.cpet.ufl.edu/wp-content/uploads/2013/03/Genetically-Modified-Foods-Role-Play-Lesson-Plan.pdf)
5. Unit on benefits and risks of GMO foods: A unit of instruction for The Eyes of Nye DVD from Disney Educational Products, "Genetically Modified Foods: Benefits and Risks", is a complete guide to investigating GMOs. The lessons aimed at grades 7–12 start with the video clips and use them to motivate student learning and discussion. After gathering information and questioning, students will role play information they gathered as applied to a scenario presented. The 26-minute DVD can be purchased (the current price is $14.99) at http://www.dep-store.com/ProductDetails.asp?ProductCode=77C47VL00. It is also available on YouTube at https://www.youtube.com/watch?v=GKm2Ch3-Myg.
Further research opportunities for students are included in the 11-page Educator's Guide at http://wimedialab.org/sites/default/files/episode/guide/Genetically_Modified_Foods_Teacher_Guide.pdf.
6. Lessons and resources for the NOVA video "Harvest of Fear": The 2001 NOVA video, "Harvest of Fear" explains how scientists use genetic engineering, the possible benefits, and opposition to the techniques. It addresses the speculation of allergic responses to GE proteins and the need for GE techniques. The video (120 minutes total) can be accessed in 12 segments of approximately 10 minutes each on YouTube at (https://www.youtube.com/watch?v=_XLyzbBcwkE&list=PLEXHaXFPS255xOoHCqkQsHXi2aHHEEaVR), or at WatchKnowLearn.org. (http://www.watchknowlearn.org/Video.aspx?VideoID=38182&CategoryID=11628). The PBS Web site that accompanies the "Fear of Harvest" video contains rich resources and links to a multitude of materials, lessons, and interviews. Sections of the Web site include Should We Grow GM Crops, Engineer a Crop, Guess What's Coming to Dinner, and Viewpoints. The Links section contains dozens of Web links to general information, academic and government sites, pro-GMO and anti-GMO sites, and more articles. While some of the articles may be older, they still contain valuable information. (http://www.pbs.org/wgbh/harvest/)
A related PBS Web site for the video provides viewing ideas, a classroom activity with materials and answers for the teacher, additional ideas from classroom teachers, related NOVA resources, and a student interactive at http://www.pbs.org/wgbh/nova/education/overviews/28gm_harvest.html.
7. Lessons for PBS video "Food, Inc.": The PBS video, "Food, Inc." (1:33:44), first aired in 2010. The video may currently be rented for viewing on You Tube for $2.99 at https://www.youtube.com/watch?v=jRp71BwRW8c, or it may be available from other sources, too. The film details the vast changes in American agriculture including animal feed lots, large food producers, and problems with a mechanized and centrally-controlled food system. Eric Schlosser, Fast Food Nation author, was an on-and off-screen advisor for “Food, Inc.” The PBS Web site for "Food, Inc." (http://www.pbs.org/pov/foodinc/film-description/) links to a GMO quiz, a lesson plan (grades 6–12, 50 minutes) for “The Impact of Genetically Modified Seeds” (http://www.pbs.org/pov/foodinc/lesson-plan-3/), and a link to many other Web sites and books.
8. FFA Lesson plan for genetically modified foods: The Future Farmers of America created a 90-minute lesson plan in 2015, "Genetically Modified Foods". The lesson includes a video (link supplied); Common Core State Standards for reading, speaking and listening, writing, and math practices; and the lesson directions for a debate on GM foods. A scoring rubric is included with the lesson. (https://www.ffa.org/SiteCollectionDocuments/myjourney_explore_productionag-gmo.pdf)
9. Lesson comparing selective breeding and transgenic manipulation of plant crops: "Bioengineered Foods?" is a PBS Learning Media lesson where students "compare the processes of selective breeding and transgenic manipulation of plants. They consider the pros and cons of growing genetically modified crops." The lesson requires 4–5 class periods and includes links to videos, teacher instructions, and an extension art project. (http://pbslearningmedia.org/resource/tdc02.sci.life.gen.lp_bioengfood/bioengineered-foods/)
10. PowerPoint lesson on agricultural biotechnology: The 17-slide PowerPoint presentation "What is Agricultural Biotechnology?" includes speaker notes and is a discussion lesson for students. The lesson centers on the question of why agricultural biotechnology is so controversial, while other types of biotechnology are less so. http://www2.ca.uky.edu/brei/Teach/NSTA%20II.ppt)

Projects and Extension Activities

1. Internet research on patenting a DNA sequence and exploring opinions on GMO foods: This activity is designed for higher education but is appropriate for high school, too. "Genetically Modified Food: Future Hope or Frankenfood" directs students to use the Internet to research the appropriateness of patenting a DNA sequence, Web sites discussing GMO foods, writing two arguments both for and against GMO foods, and writing their own opinion on whether GMO foods should be removed from the market. The activity claims to take about two hours to complete. The lesson includes a scoring rubric, student worksheets, student directions, resources, and teacher recommendations. (http://www.k12science.org/pathways/rwlo/search.php?filter=science&keywords=GMO&submit=Search)
2. Lab testing grocery store foods for the presence of GMOs: This lab procedure is not practical in typical high school settings. However, in cooperation with a university, the procedure would be interesting for students as an extension project. "GMO: Yes or No? Genetically Modified Food Organisms in Our Food" is a 2009 project with the Howard Hughes Medical Institute and the University of Miami. Participants took food samples from Whole Fresh Market and Publix grocery stores, extracted DNA from the food samples, used polymerase chain reaction to increase the sample size, and ran gel electrophoresis tests on the samples. The processes are described, but detailed procedures are not provided. Students would need to research detailed procedures and protocols for completing this activity. (http://www.bio.miami.edu/ecosummer/eco2009/finalpaper_foodies.pdf)
3. Build a DNA model with origami: As an extension or a refresher for students on DNA, they can construct an origami model of DNA. "Origami DNA", (4:18), is a short video to use with the provided color or black-and-white student template. The site provides downloads for both templates and printed instructions. (http://www.yourgenome.org/activities/origami-dna)
4. Internet research project on vetting GMO Web sites: Teachers can provide students a list of (or students can identify their own) Web sites regarding GMOs. Students will cite and describe the content of each Web site, and the students will identify the site's content as pro-GMO, anti-GMO, or neutral. In addition, students will develop a rubric (as a whole group or as individuals) to make a determination of whether the site comes from a reputable, reliable source backed with scientific data or is opinion based and without vetted data.
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	"Corn: The A'maiz'ing Grain" is an interesting article that supports the Wendel article. The history and importance of corn in mankind's existence is explored. Also, the subsection of the article, “Genetically modified corn–isn't that frankenfood?” discusses GE or transgenic corn and the controversy surrounding it. (Haines, G. Corn: The A"maiz"ing Grain. ChemMatters, 2006, 24 (4), pp 4–7)

	The December 2006 Teacher's Guide for "Corn: The A'maiz'ing Grain" (see above) directs readers to material on GMOs in the “Web sites for Additional Information” section. Over one dozen links include questions answered by the World Health Organization, Roundup Ready® Soybeans, and GE techniques.

	The use of DNA vaccines, where an engineered plasmid containing an antigen is injected into the body, has similarities to the genetic engineering of plants. A section of "Promising New Vaccines" describes the DNA vaccination. (Boughton, B. Promising New Vaccines. ChemMatters, 2009, 27 (1), pp 16–17)

	A useful graphic of DNA showing the hydrogen bonds between the double nucleotide strands and a brief description of polymers associated with an artificial pancreas might be of interest to some students. (Karabin, S. Changing the Course of Diabetes. ChemMatters, 2011, 29 (4), pp 12–13)

	The Open for Discussion department in a previous issue of ChemMatters includes a brief dialog about genetically modified and certified organic foods. A chart of beneficial and uncertain effects of GM foods is presented. (Sitzman, B., Goode, R. Labels and Logos: "Genetically Modified" and "Certified Organic". ChemMatters, 2013, 31 (4), p 5)

	A sidebar, How Mussels' Bioglue Works, in the article, "Stuck on You", briefly describes hydrogen bonds and London dispersion forces in protein structure. A diagram indicating hydrogen bonds in mussel proteins helping them to attach to various surfaces is depicted in the sidebar. (Anger, M. Stuck on You. ChemMatters, 2016, 34 (1), pp 8–10)
____________________

	This article from The Journal of Chemical Education targets elementary and middle school science students, but the ability to have a physical demonstration model of DNA constructed from building blocks and magnets might useful to high school students, too. The article includes a link to JCE Online for construction videos and templates. (Cox, J. A Unique Demonstration Model of DNA. J. Chem. Educ., 2006, 83 (9), pp 1319–1321; http://pubs.acs.org/doi/pdf/10.1021/ed083p1319; note that this link is a brief abstract only, the full article is only available to American Chemical Society members or subscribers to the journal.)

	Two simple models of DNA are described in this Journal of Chemical Education article. One model uses a paper ribbon (template supplied online) and a yo-yo model shows the compact form of the supercoiling in DNA. Two short movies are also available to support the article and activity which are suitable for high school students. (Van Horn, J. DNA Structure and Supercoiling: Ribbons and a Yo-Yo Model. J. Chem. Educ., 2011, 88 (9), pp 1264–1267; http://pubs.acs.org/doi/abs/10.1021/ed100887p; note that this link is a brief abstract only, the full article is only available to American Chemical Society members or subscribers to the journal.)

[bookmark: _Toc478389372]Web Sites for Additional Information (Web-based information sources)

GMO foods

	A special edition blog in August 2015 from Harvard University, GMOs and Our Food, contained an introduction and 15 well-researched and well-written articles related to GMOs (several are referenced in this Teacher's Guide). The articles are:
· How to make a GMO
· A History of GMOs
· GMOs and Natural Genetic Diversity
· The Technology and Safety of BT Crops
· RoundupReady Crops and the environment
· The Allergenic Effects of GMOs
· Pesticides and Our Food
· Will GMOs Harm our Organs
· Acquiring GMO Patents
· GMOs and Farming Culture
· How GMOs Are Regulated
· Feeding the World with GMOs
· Can GMOs Combat Malnutrition
· Genome Engineering: An Interview with Dr. Dan Voytas
· New Technology in GMOs: Epigenetics & RNAi
	(http://sitn.hms.harvard.edu/signal-to-noise-special-edition-gmos-and-our-food/)

	Live Science presents "GMOs: Facts about Genetically Modified Food" on their Web site. The safety, politics, and labeling of GMOs is discussed. (http://www.livescience.com/40895-gmo-facts.html)

	"The Truth about Genetically Modified Food" is an informative article from the September 1, 2013 issue of Scientific American. Research suggests that GMOs are safe to eat and can help feed millions of hungry people in the world. The risks and benefits are examined in this dependable publication. (https://www.scientificamerican.com/article/the-truth-about-genetically-modified-food/)
	Scientific American's November 29, 2013 article, "Study Linking Genetically Modified Corn to Rat Tumors is Retracted", reports on a 2012 article published in the journal Food and Chemical Toxicology (FCT) that was retracted due to scientists’ scorn of the weak evidence used in the FCT article. The journal retracted the article when the authors refused to do so, in spite of near-universal disapproval by other scientists. (https://www.scientificamerican.com/article/study-linking-genetically-modified-corn-to-cancer/)

	This site has a brief article on GMO foods, but it has a great diagram in the style of a basketball playoff bracket pitting GMO versus organic. (https://sites.jmu.edu/gbio103/how-and-why-do-humans-produce-organic-and-genetically-modified-food-march-madness/)

	The Journal of the Royal Society of Medicine weighs in on the debate with "Genetically Modified Plants and Human Health". The article gives an overview of plant genetic engineering and addresses food safety, the environment, gene transfer, and public opinion. (https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2408621/)

	"Genetically Modified Organisms (GMOs): Transgenic Crops and Recombinant DNA" asks the question, "If you could save lives by producing vaccines in transgenic bananas, would you? In the debate over large-scale commercialization and use of GMOs, where should we draw the line?" The Web article has a chart of examples of GMOs resulting from agriculture, a history of international regulations for GMO research and development, and their take on risks and controversies. (http://www.nature.com/scitable/topicpage/genetically-modified-organisms-gmos-transgenic-crops-and-732)

	This 2016 article from the New York Times, "Acreage for Genetically Modified Crops Declined in 2015", reports on the slight decline in acres of GMO crops planted in the world. Three-quarters of all GMO crops in the world are planted in the U.S., Brazil, and Argentina. A bar graph shows the acreage of GMO crops since 1996. (https://www.nytimes.com/2016/04/13/business/acreage-for-genetically-modified-crops-declined-in-2015.html?_r=1)

	This USDA Web site has Excel data sheets showing genetically engineered varieties of corn, cotton, and soybeans aggregated by state and for the United States for the years 2000– 2016. (https://www.ers.usda.gov/data-products/adoption-of-genetically-engineered-crops-in-the-us.aspx)

	Another USDA Web page, "Recent Trends in GE Adoption", gives a line graph of genetically engineered crops in the United States by percent of planted acres from 1996–2016. (https://www.ers.usda.gov/data-products/adoption-of-genetically-engineered-crops-in-the-us/recent-trends-in-ge-adoption/)

	The World Health Organization's Web site provides questions and answers to 19 "Frequently Asked Questions on Genetically Modified Foods" at http://www.who.int/foodsafety/areas_work/food-technology/faq-genetically-modified-food/en/.

	The U.S, Food and Drug Administration's Web site has a volume of information and resources on GMOs. This site gives details on voluntary labeling of GMO foods with sections on background information, general principles and guidance, and extended references. (http://www.fda.gov/Food/GuidanceRegulation/GuidanceDocumentsRegulatoryInformation/LabelingNutrition/ucm059098.htm)

	The Center for Environmental Risk Assessment's Web page focuses on GE organisms used in agriculture and foods. A link on their page (GM Crop database) allows readers to search their database for crop plants, traits, inserted genes, type of approval, country, developer, and year. The database includes GMOs as well as plants with novel traits developed through conventional plant breeding. The site also includes e-learning courses after registration. (http://www.cera-gmc.org/)

	Genetically Modified Foods are discussed at the Learn Genetics site. The creation of an insect-resistant tomato plant is explained with a simple diagram. (http://learn.genetics.utah.edu/content/science/gmfoods/)

Other GMO information

	A report summary of "Pesticide Use in U.S. Agriculture: 21 Selected Crops, 1960–2008" gives an overview of pesticide use in the U.S. It states that pesticide use largely increased from 1960 through 1981 due to increased acreage of crops planted. However, after 1980, the trend has been decreasing slightly, partly due to GMO crops requiring less pesticide use. The full report is available on the site through a link. (https://www.ers.usda.gov/webdocs/publications/eib124/46736_eib124_summary.pdf?v=41830)

	The U.S. Environmental Protection Agency provides a comprehensive Web site on "Introduction to Biotechnology Regulation for Pesticides". The site has an overview of biopesticides and biotechnology pesticide products, registration for plant-incorporated protectants, gene flow assessment, ecological assessment processes, environmental fate, and insect resistance in Bt crops. (https://www.epa.gov/regulation-biotechnology-under-tsca-and-fifra/introduction-biotechnology-regulation-pesticides)

	The National Academies of Sciences, Engineering, and Medicine has published a book, Genetically Engineered Crops: Experiences and Prospects, looking at the debate surrounding GE crops and possible adverse effects on human health, the environment, and ethics. It delves into the complexities of emerging GE technologies. The book can be purchased on the Web site, but it is also available on the National Academies Press site as a free PDF download. (https://www.nap.edu/catalog/23395/genetically-engineered-crops-experiences-and-prospects)

	Another book from the National Academies, The Impact of Genetically Engineered Crops on Farm Sustainability in the United States, looks at the challenges in farming that may come with excessive reliance on a single technology for our crops. The reduction in diversity of farming practices may also have adverse effect on the potential economic and environmental gains from using GE crops. The book is available for purchase on the Web site but is also available on the site as a free PDF download. (https://www.nap.edu/catalog/12804/the-impact-of-genetically-engineered-crops-on-farm-sustainability-in-the-united-states

	An exhaustive Web site centered on GMOs includes links to characteristics, environment, exposure, methods of monitoring, harmful effects, and more. (http://enhs.umn.edu/current/5103/gm/character.html)

	The U.S. Department of Agriculture (USDA) has a part of its Web site devoted to Biotechnology Regulatory Services. This site has additional links to regulations, permits, compliance, and a biotechnology quality system. (https://www.aphis.usda.gov/aphis/ourfocus/biotechnology)

	Stanford University's The Tech Museum of Innovation has a Web page devoted to GMO foods, where people have posed eight questions that have been answered by geneticists. (http://genetics.thetech.org/genetic-categories/genetically-modified-foods)

	Popular Science published an article in 2014, "GMO Facts: 10 Common GMO Claims Debunked". It can be read at http://www.popsci.com/article/science/core-truths-10-common-gmo-claims-debunked?dom=PSC&loc=slider&lnk=2&con=core-truths-10-common-gmo-claims-debunked.

	Another Popular Science article explores "The Pros and Cons of Herbicide-Tolerant GMOs", and this article is located at http://www.popsci.com/blog-network/our-modern-plagues/pros-and-cons-herbicide-tolerant-gmos.

	The Howard Hughes Medical Institute has a tutorial on "How to Make a Transgenic Plant". The concise explanations are accompanied by graphics. (http://www.unc.edu/depts/our/hhmi/hhmi-ft_learning_modules/plantmodule/transgenicplants.html)

	A Web page of FAQs related to transgenic (GMO) plants with links and additional resources can be read at http://cls.casa.colostate.edu/transgeniccrops/faqpopup.html.

	Authors from India explain transgenic (GMO) plants and discuss the types, benefits, public concerns, and future of GMOs in an article at https://www.researchgate.net/publication/259139407_Transgenic_plants_Types_benefits_public_concerns_and_future. Please note that the site may request readers to register, but the document will download without registration after a few seconds.

	An overview of the plant genetic engineering process is explained with images at http://agbiosafety.unl.edu/education/summary.htm. There are additional links on the page for related topics such as gene cloning and DNA extraction.

Non-GMOs

	The Non-GMO Project has a Web page with their list of GMO facts and links to more of their resources. (https://www.nongmoproject.org/gmo-facts/)

	An organization claiming to be, "The most comprehensive source of GMO health information on the Web", the Institute for Responsible Technology, provides their perhaps biased view of GMOs. One link on the site connects to health risks associated with GMOs, along with references and studies that have not been supported by other scientific research. (http://responsibletechnology.org/gmo-education/)

	This 2001 article in The Washington Post reports on the biotech corn, Starlink, which is claimed to have produced allergic responses in people. Starlink was approved for use in animal feed, but not in human food. However, some corn products were found to contain small amounts of the Starlink corn. (https://www.washingtonpost.com/archive/politics/2001/03/19/biotech-corn-is-test-case-for-industry/57734822-b8c1-4215-af91-b12267d06dcb/?utm_term=.3ee89381e98b)

	DNA animations on this site provide videos illustrating many of the complex biochemical processes involving DNA. Subheadings on the page include animations relevant to the Wendel article, such as "Recombinant DNA Technology", "Gene Expression of a Secreted Protein", and "Polymerase Chain Reaction", to list only a few. (http://bio-alive.com/animations/DNA.htm)

Bacillus thuringiensis (Bt)

	This site provides a complete look at Bt-modified crops. Links include a history of Bt, how it works, and its safety. Additional links guide readers to related topics on GMOs, Bt cotton, Bt corn, and crop refuges. (http://www.bt.ucsd.edu/bt_crop.html)

	For more information on "Bt-Corn: What It Is and How It Works" see https://entomology.ca.uky.edu/ef130.

	Monsanto is a major producer of GM seeds. The company’s general Web site has information about their products. For information on insect resistance to Bt corn and cotton crops, see http://www.monsanto.com/newsviews/pages/insect-resistance-to-gmo-and-bt-crops.aspx.

	The U.S. Environmental Protection Agency performed an analysis of Bt crops and concluded that they posed "no significant risk to the environment or to human health." To read an article published in the September 2003 issue of Nature Biotechnology, see https://www.epa.gov/sites/production/files/2015-08/documents/are_bt_crops_safe.pdf.

Hydrogen bonding

	For more information on hydrogen bonding, including graphs, diagrams, and links to other intermolecular forces, see http://www.chemguide.co.uk/atoms/bonding/hbond.html.

	This Web site is similar to the one above, but it has a more extensive set of diagrams, explanations, and tables. Included are sections on properties and effects of hydrogen bonds, viscosity, hydrogen bonding in nature, and factors preventing hydrogen bonding. (https://chem.libretexts.org/Core/Physical_and_Theoretical_Chemistry/Physical_Properties_of_Matter/Atomic_and_Molecular_Properties/Intermolecular_Forces/Specific_Interactions/Hydrogen_Bonding)

	This site has a short description of hydrogen bonds, but it also provides a brief animation of H2O and ONF with their hydrogen bonds. (https://www.chem.purdue.edu/gchelp/liquids/hbond.html)

	A scholarly discussion of hydrogen bonds—with an introduction, history, classification and terminology, and a wide collection of analytical data—is located at http://evans.rc.fas.harvard.edu/pdf/smnr_2009_Kwan_Eugene.pdf.

	The Journal of Chemical Information and Modeling published an article, "Characterizing the Strength of Individual Hydrogen Bonds in DNA Base Pairs", that complements the Wendel article. (http://pubs.acs.org/doi/pdf/10.1021/ci100288h) Please note that this link is a brief abstract only, the full article is only available to subscribers to the journal.

	The Journal of Biological Chemistry published this article, "Strength of the Cα H··O Hydrogen Bond of Amino Acid Residues", explaining that the peptide group traditionally has not been believed to form hydrogen bonds, but under certain circumstances there may be evidence that it does. (http://www.jbc.org/content/276/13/9832.full)

	"The Quantum Nature of the Hydrogen Bond" is explained in this technical article. (http://www.pnas.org/content/108/16/6369.full)

	This college-level explanation of hydrogen bonding has a focus on proteins. It provides six rules summarizing of hydrogen bonding. (http://www.bio.brandeis.edu/classes/biochem104/hydrogen_bonds.pdf)

	A thorough explanation of hydrogen bonding in water is explained in "Water's Hydrogen Bond Strength". This 20-page paper (including extensive additional references) covers an introduction, consequences, effects, and tables summarizing data. Although no date is given for the article, the most recent reference included is from 2007. (https://arxiv.org/ftp/arxiv/papers/0706/0706.1355.pdf)

Golden Rice

	The Golden Rice Project has a bountiful Web site describing the organization, the Golden Rice Project, why Golden Rice is important, the science and environmental aspects, and an information center. (http://www.goldenrice.org/)

	National Public Radio shares information about Golden Rice and the surrounding controversy at http://www.npr.org/sections/thesalt/2013/03/07/173611461/in-a-grain-of-golden-rice-a-world-of-controversy-over-gmo-foods.

	"Genetically Modified Golden Rice Falls Short on Lifesaving Promises" explains a study stating that that GMO activists are not to blame for the slow introduction of Golden Rice, and the scientific challenges affecting the rice. (https://source.wustl.edu/2016/06/genetically-modified-golden-rice-falls-short-lifesaving-promises/)

	The New York Times published an article detailing the challenges facing Golden Rice and the vandalism in the Philippines and other sites where the rice has an opportunity to affect the lives of millions. (http://www.nytimes.com/2013/08/25/sunday-review/golden-rice-lifesaver.html)

	Stanford University's The Tech Museum of Innovation has a page on Golden Rice in its "Ask a Geneticist" column. (http://genetics.thetech.org/ask/ask334)

	A history of Golden Rice and its development by Ingo Potrykus was printed in a 2000 New York Times article. The information gives a background for a perspective on how far Golden Rice has—or has not—advanced to today. (http://www.nytimes.com/2000/11/21/science/scientist-at-work-ingo-potrykus-golden-rice-in-a-grenade-proof-greenhouse.html)

	One of Time magazine's cover stories in 2000 was on Golden Rice and Ingo Potrykus. The cover stated, "This rice could save a million kids a year." Read the article at http://content.time.com/time/magazine/article/0,9171,997586,00.html.

	"Is Opposition to Golden Rice Wicked?" is the question that New Scientist seeks to answer. The article states that, "One of the cleverest tricks of the anti-GMO movement is to link GMOs so closely to Monsanto." Read more at http://www.slate.com/articles/health_and_science/new_scientist/2013/10/golden_rice_inventor_ingo_potrykus_greenpeace_and_others_wicked_for_opposition.html.

	This link is another general information article on Golden Rice found at The Embryo Project Encyclopedia. (https://embryo.asu.edu/pages/golden-rice)

	For more information on vitamin A eye deficiency (VAD), including pictures of eye diseases related to VAD see https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3936686/.

Hydrolysis (digestion) and proteins

	A straightforward explanation of the chemical process of hydrolysis is found at http://www.chemistryexplained.com/Hy-Kr/Hydrolysis.html.

	The Wendel article addresses digestion (hydrolysis) of proteins. This site specifically explain the hydrolysis of proteins in simple terms with an example. (http://www.chemguide.co.uk/organicprops/aminoacids/proteinhydrolysis.html)

	A much deeper, collegiate explanation of "Proteases: Hydrolysis of Peptide Bonds: Specificity and Mechanism" is located at http://www.uta.edu/faculty/sawasthi/Enzymology-4351-5324/Class%20Syllabus%20Enzymology/Proteases.pdf.

	This site also provides a scholarly look at proteins, peptides, and amino acids. Reactions of α-amino acids and synthesis of α-amino acids is explained with chemical structures and equations. (https://www2.chemistry.msu.edu/faculty/reusch/virttxtjml/proteins.htm)

	Protein degradation by enzymes is explained in technical terminology, with a few reactions and images for support, at https://www.rpi.edu/dept/bcbp/molbiochem/MBWeb/mb2/part1/protease.htm.

	The chemistry of the protein building blocks, amino acids, is offered at The Biology Project Web site. There are links to additional pages with more details on the amino acids, plus a self-test. (http://www.biology.arizona.edu/biochemistry/problem_sets/aa/aa.html)

	The Royal Society of Chemistry provides a Web page on proteins. It covers their importance, the amino acids, peptide bond formation, structures, and a test of your knowledge. (http://www.rsc.org/Education/Teachers/Resources/cfb/proteins.htm)

	An overview of protein digestion in the human body is posted by a British teacher. Descriptions with graphics to help with understanding is found at https://pmgbiology.com/2016/02/14/digestion-of-proteins-a-understanding-for-igcse-biology-2-29/.

	This site provides information on protein digestion in the body, along with a nice flow diagram of the process. (http://pharmaxchange.info/press/2013/07/digestion-of-dietary-proteins-in-the-gastro-intestinal-tract-gi-tract/)

[bookmark: _Toc478389373]General Web References (Web information not solely related to article topic)

	Bio-Alive is a vast collection of instructional materials including lectures, seminars, animations, tutorials, labs, and games—virtually everything—for the life sciences. (http://bio-alive.com/index.htm)

	Science in the News (http://sitn.hms.harvard.edu/) is published online by Harvard University, The Graduate School of Arts and Sciences. This is an excellent resource for scientific articles. Web readers can view information on various branches of science, the environment, public health, and art. Podcasts, seminars, and other presentations are available.
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VISCOSITY INVESTIGATIONS FOR THE EXAMINA-
TION OF THE CONSTITUTION OF NATURAL
PRODUCTS OF HIGH MOLECULAR WEIGHT
AND OF RUBBER AND CELLULOSE.

By H. Sravomes, Freiburg i. Br.

Received in German on 29th uly, 1932, and translated by
H.E. L Freytag

The Constitution of Compounds of High Molecular Weight.

One of the most striking properties of natural substances of high
molecular sweight i the high viscasity of their solutions. ~Even one per
cent. solutions of rubber in benzene or of nitrocellulose in acetone have
a very high viscosity, this being at least 2 hundred times as great as
that of the solvents, while 1 to 2 per cent. solutions in the same solvents

larly constituted substances of low molecular weight have a low
ty. The investigation of the cause of this high viscosity has
occupied chemists and colloid workers repeatedly during the last decades.

Highly viscous solutions similar to those of the natural substances.
of high molecular weight, the structure of which was previously unknown,
are given by a series of substances of wellknown structure, eg., by
the soaps in water. With these soap solutions it was possible to show
that the salts of the higher fatty acids do not pass into solution as
normal salts, but that a number of simple salt molecules collect together
to form lacger colloid particles. The latter were termed micelles, The
high viscosity of soap solutions is connected with the formation of these
micelles, because solutions of soap in alcohols, in which the soap mole-
cules are in the normal state, have  low viscosity.

After the work of Krafit, Zsigmondy, McBain and others had led
to the recogaition of the colloidal nature of soap solutions, it seemed
reasonable to ascribe a similar structure to the colloid particles in solu-
tions of substances of high molecular weight, as the solutions of these
products exhibited phenomena similar in many respects to those of the
soap solutions. During the last decades it has therefore been frequently
assumed that the colloid particles in solutions of substances of high
molecular weight possessed a micellar structure, and it was believed
that the behaviour of the colloidal solution and its high viscosity could
be explained by means of special solvation phenomena occurring
these colloid particles. This view has been expressed especially by
McBain! Later on it was developed by K. H. Meyer? into a special
‘micelle theory of substances of high molccular weight.

The chemical investigation of substances of high moleculac weight
had, however, in the meanwhile arrived at the result® that these sub-

3 Cf. McBain, J. Physical Chem., 3, 139, 1026,
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