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[bookmark: _Toc212568386][bookmark: _Toc468113057]Student Questions 
(from the articles)

Guilty or Innocent? Fingerprints Tell the Story

1. How was the first fingerprint evidence obtained that was used to secure a United States conviction?
2. Explain why no two individuals (even identical twins) have the same set of fingerprints.
3. Is it possible to remove your fingerprints from your fingers? Give an example of someone who unsuccessfully tried.
4. How are the three types of fingerprints (patent, plastic, and latent) different from each other?
5. How are eccrine and sebaceous sweat glands different?
6. Describe the composition of a fingerprint.
7. Describe two factors that influence the quality of a fingerprint.
8. Why does fingerprint powder stick to latent fingerprints?
9. How are fluorescent dyes used with visualizing fingerprints?
10. How are fingerprints preserved once they have been dusted?
11. Once a fingerprint has been obtained, how is it matched to a person?
12. What other types of information can be obtained from a fingerprint besides identities?


Vertical Farming: Does It Stack Up?

1. What is vertical farming?
2. Describe an advantage of vertical farming for the consumer.
3. Describe an advantage of vertical farming for the farmer
4. Why is the productivity of a vertical farm surface four to six times greater than an open-field farm?
5. Compare aeroponics to hydroponics.
6. Compared to open-field farming, how much less water does vertical farming use?
7. Identify a challenge of growing plants indoors under artificial grow lamps.
8. What are the peak wavelengths of light and their associated colors absorbed by chlorophyll?
9. List two advantages LED lights have over grow lamps.
10. What are some examples of bulk crops and why is it not practical to grow these crops in a vertical farm?
11. How does red light affect the behavior of plants?
12. Name and give the chemical formulas of the end products of photosynthesis.


How SUE Became a Rock Star

1. Is a fossil the actual bones of the skeleton of an animal that died many years ago?
2. How did SUE get her name?
3. Who is SUE and why is she important?
4. Why are more fossils formed in the ocean than on land?
5. Name three types of body cells and what they release soon after death.
6. Why are bacteria important to the decomposition process and the formation of fossils?
7. Describe the construction of living bone.
8. After death, what happened to the spaces left by the loss of organic material from T. rex bones?
9. From the given chemical formula for a unit of hydroxyapatite, name the ions that are present.
10. Since small dinosaur bones are usually washed away, why is the fossil of SUE remarkable?
11. Give at least three examples of things that we can learn about the past from fossils of animals that died millions of years ago.
12. What can we learn by studying protein preserved in fossils?


Expiration Dates: What Do They Mean?

1. Why do foods spoil even after they are packaged?
2. What initiates the chemical reactions that cause food to spoil?
3. What are unsaturated fatty acids?
4. Describe the three-step process that occurs when unsaturated fatty acids present in oils are converted to the molecules that are responsible for rancid odors and flavors in foods?
5. Why do many fruits and vegetables turn brown after they are cut?
6. Explain what happens during caramelization of sugars.
7. Does the U.S. government require expiration dates on all packaged food?
8. What information does an expiration date stamped on food packaging give a consumer?
9. Compare the three main types of expiration dates?
10. How can you know when a food is past its prime?
11. Is food still safe to eat after the expiration date has passed?


E-Cycling: Why Recycling Electronics Matters

1. Why was Aidan worried about throwing the old computer in the trash?
2. Approximately how many computers do U.S residents dispose of each year?
3. How did Aidan describe the space the discarded computers would fill each year?
4. List three heavy metals that most electronics contain.
5. Besides being used in rechargeable batteries where is cadmium found in a typical computer?
6. List three health effects caused by exposure to lead.
7. Briefly describe the function of the motherboard and the central processing unit (CPU).
8. What could happen if the electronic devices end up in a landfill?
9. The eddy current separator is commonly used in recycling of electronic waste. What does it separate?
10. In the electrolysis of metals, what happens at the cathode?
11. The strong acid that will dissolve gold is aqua regia. What does “aqua regia” mean and what is its composition?
12. Describe what each component of aqua regia does in the presence of gold.
13. List two ways the article cites to refurbish cell phones.


[bookmark: _Toc212568387][bookmark: _Toc468113058]Answers to Student Questions 
(from the articles)

Guilty or Innocent? Fingerprints Tell the Story

1. How was the first fingerprint evidence obtained that was used to secure a United States conviction?
"The intruder, upon fleeing, touched the wet paint on a porch rail outside the house, leaving four fingerprints."
2. Explain why no two individuals (even identical twins) have the same set of fingerprints.
Fingerprints form when babies are in the womb developing. All environmental details in the womb influence how fingerprints will look; therefore, no two fingerprints can be identical.
3. Is it possible to remove your fingerprints from your fingers? Give an example of someone who unsuccessfully tried.
No, fingerprints cannot be removed from your fingers. "Like it or not, your fingerprints are with you for life." John Dillinger tried to remove his fingerprints with acid and a police suspect tried to bite off his fingerprints.
4. How are the three types of fingerprints (patent, plastic, and latent) different from each other?
Patent fingerprints are visible to the naked eye and are left by wet fingers which have blood, ink, oil, or other liquid on them. Plastic fingerprints are 3-D and are formed in soft material such as wet paint, and they are also visible to the naked eye. Latent fingerprints are those that are not visible to the naked eye and require processing to become visible.
5. How are eccrine and sebaceous sweat glands different?
Eccrine sweat glands are the most common; they produce sweat containing not only water but also amino acids, salts, and lipids. Sebaceous sweat glands produce the oily substance, sebum.
6. Describe the composition of a fingerprint.
Fingerprints are a combination of sweat (water, amino acids, and salts) and lipids, including sebum.
7. Describe two factors that influence the quality of a fingerprint.
Two factors influencing the quality of a fingerprint are:
a. Dry skin has fewer oils on it, and the fingerprint will be less distinct.
b. Porous surfaces absorb the fingerprint making it last longer but harder to visualize. Nonporous surfaces leave more distinct fingerprints.
8. Why does fingerprint powder stick to latent fingerprints?
Fingerprints are largely nonpolar, and the nonpolar fingerprint powder binds to it because “like dissolves like”.
9. How are fluorescent dyes used with visualizing fingerprints?
Some fingerprint powders also contain fluorescent dyes which cause the fingerprint to glow brightly under a black (UV) light.
10. How are fingerprints preserved once they have been dusted?
Once revealed, fingerprints are preserved by photography and by lifting the fingerprint with adhesive tape and transferring it to a card.
11. Once a fingerprint has been obtained, how is it matched to a person?
To match the person’s fingerprint, it is compared to a computer databank of fingerprints. Of the several possible closest matches, a trained fingerprint analyst will then look at the details that make each fingerprint unique before making the final determination.
12. What other types of information can be obtained from a fingerprint besides identity?
The age of the fingerprint, the gender of the person, and the presence of cocaine or cocaine metabolites can be sometimes be identified from a person's fingerprint.


Vertical Farming: Does It Stack Up?

1. What is vertical farming?
In vertical farming, plants are grown indoors in vertically stacked layers. They are grown in nutrient-rich water and with artificial light sources.
2. Describe an advantage of vertical farming for the consumer.
An advantage to consumers: since the food is grown locally, crops can be picked, packed, and delivered to market within two to eight hours, so there’s no need to store and ship the food. Also, because the plants are kept at stable temperatures, they are available year round.
3. Describe an advantage of vertical farming for the farmer.
An advantage of vertical farming to farmers is that they can reduce their use of chemical fertilizers and pesticides.
4. Why is the productivity of a vertical farm surface four to six times greater than an open-field farm?
In vertical farms, crops are stacked in layers, so more can be grown in less open space.
5. Compared to open-field farming, how much less water does vertical farming use?
Vertical farming uses up to 70% less water than open-field farming.
6. Compare aeroponics to hydroponics.
With hydroponics plants are grown in nutrient rich solutions, while plants grown through aeroponics are suspended in the air and a fine mist containing nutrients is sprayed directly to the plants’ root structures. Aeroponics uses 70% less water than hydroponics which uses 70% less water than open-field farming.
7. Identify three challenges of growing plants indoors under artificial grow lamps.
Three challenges of vertical farming are:
a. growing crops indoors requires artificial light that uses electricity, which is expensive (sunlight to grow crops is free), and
b. grow lamps give off heat. The heat requires that the vertical plants be more spread out.
c. costs are high, partly due to the cost of land in the city, and the cost of LED lamps.
8. What are the peak wavelengths of light and their associated colors absorbed by chlorophyll?
Chlorophyll absorbs two peak wavelengths of light, 450 nanometers (blue light) and 650 nanometers (red light).
9. List three advantages LED lights have over grow lamps.
The three advantages LEDs have over grow lamps are:
a. LEDs can be designed to give off only the wavelengths of light that plants use, thus saving electricity,
b. LED lamps are less expensive than grow lamps, and
c. LEDs produce little or no heat so plants can be stacked closer together.
10. What are some examples of bulk crops, and why is it not practical to grow these crops in a vertical farm?
Grains, corn, and soybeans are examples of bulk crops. It costs about $2.50 per pound to grow plants in these underground farms. Cost per yield is too high.
11. How does red light affect the behavior of plants?
Red light causes plants to flower.
12. Name and give the chemical formulas of the end products of photosynthesis.
Sugar (C6H12O6) and oxygen (O2) molecules are produced in photosynthesis.


How SUE Became a Rock Star

1. Is a fossil the actual bones of the skeleton of an animal that died many years ago? Explain.
A fossil is not the actual bones of an animal, but the rocks that formed in and around the bones as they decayed.
2. How did SUE get her name?
SUE was named for Sue Hendrickson, the paleontologist who discovered her in 1990.
3. Who is SUE and why is she important?
SUE is a T. Rex fossil and, to date, SUE is the largest and most complete fossil of a Tyrannosaurus rex ever found.
4. Why are more fossils formed in the ocean than on land?
Most fossils form in the ocean because decomposition occurs slowly when the organism is covered in sand or mud in the ocean.
5. Name three types of body cells and what they release soon after death.
Soon after death:
a. red blood cells release iron,
b. digestive cells release enzymes, and
c. muscle cells release calcium.
6. Why are bacteria important to the decomposition process and the formation of fossils?
Bacteria are important to the decomposition process because they produce putrescine and cadaverine that attract insects and larger scavengers.
7. Describe the construction of living bone.
Living bone is composed of a porous collagen protein embedded in a mineral and permeated with living cells, blood vessels and nerves.
8. After death, what happened to the spaces left by the loss of organic material from T. rex bones?
After death, the spaces left by the loss of organic material from T. rex bones were filled by minerals.
9. From the given formula for a unit of hydroxyapatite, name the ions that are present. The given chemical formula for a unit of hydroxyapatite shows calcium ions, phosphate ions and hydroxide ions.
10. Since small dinosaur bones are usually washed away, why is the fossil of SUE so remarkable?
The fossil of SUE is remarkable because SUE’s tiny ear bones have been recovered.
11. Give at least three examples of things we can learn about the past from fossils of animals that died millions of years ago.
Accept student responses that show at least three of these five answers.
Fossils of animals that died millions of years ago may be able to tell us about:
a. how animals changed over time
b. whether animals disappeared due to mass extinctions
c. migration patterns of animals
d. climate change and
e. continental plate movements.
12. What can we learn by studying protein preserved in fossils?
Studying protein preserved in fossils reveals information about when and how animal traits evolved.


Expiration Dates: What Do They Mean?

1. Why do foods spoil even after they are packaged?
Foods spoil after they are packaged because “… the molecules that give foods their appetizing flavors, smells, textures, and colors … break down or chemically react with other substances to produce unappealing—or even dangerous—substances.”
2. What initiates the chemical reactions that cause food to spoil?
The chemical reactions that cause food to spoil are initiated when food molecules are exposed to
a. oxygen,
b. high temperatures, or
c. enzymes in the food.
3. What are unsaturated fatty acids?
Unsaturated fatty acids are “… long chains of carbon and hydrogen atoms, with one or more double bonds between the carbon atoms.”
4. Describe the three-step process that occurs when unsaturated fatty acids present in oils are converted to the molecules that are responsible for rancid odors and flavors in foods?
The three steps involved in oils converting to molecules responsible for rancid odors and flavors are:
a. the unsaturated fatty acid reacts with a reactive oxygen species, such as the hydroxyl radical (OH●), forming a fatty acid radical,
b. the fatty acid radical reacts with oxygen, leading to a molecule called a fatty acid peroxyl radical,
c. the fatty acid peroxyl radical reacts with the original fatty acid to produce molecules that are responsible for rancid odors and flavors.
5. Why do many fruits and vegetables turn brown after they are cut?
Some fruits and vegetables turn brown after they are cut because they contain an enzyme called polyphenol oxidase (PPO) and molecules called phenols. These molecules are kept separate when the fruit in uncut. Cutting the fruit exposes the two molecules to each other and to oxygen in the air. PPO causes the phenols to react with oxygen, producing brown pigments.
6. Explain what happens during caramelization of sugars.
“Caramelization is the oxidation of sugars, which causes them to break down into simpler sugars and into other compounds.” Some of these compounds are the brown-colored substances of caramelization.
7. Does the U.S. government require expiration dates on all packaged food?
The U.S. government requires dates on the packaging of baby formula and some kinds of baby food, but it does not require them on other food packaging.
8. What information does an expiration date stamped on food packaging give a consumer? What does it not tell you?
The expiration date stamped on food packaging is primarily used to tell you about the quality of the food. After a given date the food may not taste as good or have all the nutritional value that it had earlier. The expiration date does not tell if the food is safe to eat.
9. Compare the three main types of expiration dates.
a. “Best before” and “Best by” tell you that a food does not have the same quality or does not taste the same after that date. Their nutritional quality may still be alright, but they may not taste as good.
b. “Sell by” is an inventory aid for the grocer, so that he removes the item from his inventory after that date. The item should still be good after this date.
c. “Use by” is similar to “Best by” in that it indicates the quality of the item but it has been determined by the manufacturer that it is no longer at its peak quality after this date and may taste stale, have less nutritional value, or be less effective as a cooking ingredient.
10. How can you know when a food is past its prime?
To know if a food is past its prime you generally have to be able to examine the food—look at it, smell it, and possibly taste it. Even then, you may not be able to tell if the food has passed its prime.
11. Is food still safe to eat after the expiration date has passed?
Usually if food has been store properly and the container is still in good shape, the food will be safe to eat after the expiration date, although this depends on the type of food. If the food is labeled with the “Use by” date, the food may not be safe to eat after this date.


[bookmark: _Toc283997090]E-Cycling: Why Recycling Electronics Matters

1. Why was Aidan worried about throwing the old computer in the trash?
Aidan was concerned that they would charge his dad a fine for throwing it in the trash and that it would take up a lot of space in the landfill.
2. Approximately how many computers do U.S. residents dispose of each year?
Americans dispose of 40–50 million computers each year.
3. How did Aidan describe the space the discarded computers would fill each year?
Aidan calculated that all of those old computers would be the size of the Great Pyramid of Giza in Egypt.
4. List three heavy metals that most electronics contain.
Most electronics contain lead, mercury and cadmium.
5. Besides being used in rechargeable batteries where is cadmium found in a typical computer?
Cadmium is used in circuit boards and semiconductors.
6. List three health effects caused by exposure to lead.
Exposure to lead can cause:
a. Learning disabilities
b. Behavioral problems
c. Damage to heart, kidneys and bones
7. Briefly describe the function of the motherboard and the central processing unit (CPU).
“A motherboard allows the computer parts to communicate and receive power, and the CPU is the section that carries out the calculations needed to run a computer.”
8. What could happen if the electronic devices end up in a landfill?
When electronics end up in a landfill they can contaminate the environment. Hazardous material in the computer can leach into water or enter into the air.
9. The eddy current separator is commonly used in recycling of electronic waste. What does it separate?
The eddy current separator separates metals (other than iron) from the plastic.
10. In the electrolysis of metals, what happens at the cathode?
“Electrons that flow through the circuit to the cathode are delivered to the metal ions in solution, reducing them to the solid metal on the cathode.”
11. The strong acid that will dissolve gold is aqua regia. What does “aqua regia” mean and what is its composition?
“Aqua regia” means “royal water”. This acid is a mixture of three parts concentrated hydrochloric acid and one part concentrated nitric acid.
12. Describe what each component of aqua regia does in the presence of gold.
a. The gold is oxidized by the nitric acid component of aqua regia.
b. The hydrochloric acid in aqua regia provides chloride ions that form a complex ion with the gold (AuCl4–), which then dissolves in solution.
13. List two ways the article cites to refurbish cell phones.
The article suggests that cell phones can be refurbished by putting on a new screen or a new case.


[bookmark: _Toc468113059]Correlations to the Next-Generation Science Standards
	Article
	NGSS

	Guilty or Innocent? Fingerprints Tell the Story  
		HS-PS1-3.
Plan and conduct an investigation to gather evidence to compare the structure of substances at the bulk scale to infer the strength of electrical forces between particles.



Disciplinary Core Ideas:
· PS1.A Structure of matter
· PS2.B Types of Interactions
Crosscutting Concepts: 
· Patterns
· Cause and effect:  Mechanism and explanation
· Structure and Function
Science and Engineering Practices: 
·  Analyzing and interpreting data
· Engaging in argument from evidence
Nature of Science:  
· Scientific investigations use a variety of methods.

	Vertical Farming: Does It Stack Up?
		HS-PS4-4 Evaluate the validity and reliability of claims in published materials of the effects that different frequencies of electromagnetic radiation have when absorbed by matter.
HS-LS1-5. Use a model to illustrate how photosynthesis transforms light energy into stored chemical energy.
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:
· PS3.D Energy in Chemical Processes
· ETS1.C Optimizing the Design Solution
Crosscutting Concepts: 
· Scale, proportion, and quantity
· Systems and system models
· Energy and Matter: flows, cycles, and conservation
Science and Engineering Practices: 
· Constructing evidence (for science) and designing solutions (for engineering)
Nature of Science:  
· Science investigations use a variety of methods





	How SUE Became a Rock Star
		HS-LS2-3.
Construct and revise an explanation based on evidence for the cycling of matter and flow of energy in aerobic and anaerobic conditions.



Disciplinary Core Ideas:
· PS1.A Structure of matter
· LS2.A Interdependent Relationships in Ecosystems
Crosscutting Concepts: 
· Cause and Effect
· Scale, Proportion, and Quantity
· Structure and Function
· Stability and Change
Science and Engineering Practices: 
· Constructing explanations (for science) and designing solutions (for engineering)
· Obtaining, evaluating, and communicating information
Nature of Science:  
· Scientific knowledge is based on empirical evidence. 
· Science addresses about the natural and material world


	Expiration Dates: What Do They Mean?
		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.B  Chemical Reactions
· LS1.A Structure and Function
Crosscutting Concepts: 
· Cause and effect: Mechanism and explanation
· Stability and change
Science and Engineering Practices: 
· Obtaining, evaluating, and communicating information
Nature of Science:  
· Science addresses questions about the natural and material world.





	E-Cycling: Why Recycling Electronics Matters
			HS-PS1-1. 
Use the periodic table as a model to predict the relative properties of elements based on the patterns of electrons in the outermost energy level of atoms.
HS-PS2-6.
Communicate scientific and technical information about why the molecular-level structure is important in the function of designed materials.
HS-ETS1-1.
Analyze a major global challenge to specify qualitative and quantitative criteria and constraints for solutions that account for societal needs and wants.

Disciplinary Core Ideas:
· PS1.A Structure of matter
· PS2.A Forces and Motion
· PS2.B Types of Interactions
· ETS1.C Optimizing the Design Solution
Crosscutting Concepts: 
· Cause and effect:  Mechanism and explanation
· Scale, proportion, and quantity
· Structure and function
Science and Engineering Practices: 
· Asking questions (for science) and defining problems (for engineering)
· Obtaining, evaluating, and communicating information
Nature of Science:  
· Science addresses questions about the natural and material world.




	








[bookmark: _Toc468113060]Connections to the Common Core State Standards
[bookmark: _Toc283997093]RST.9-10.1 Cite specific textual evidence to support analysis of science and technical texts, attending to the precise details of explanations or descriptions.

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

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

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

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

WHST.9-10.1B 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: _Toc468113061]Anticipation Guides
Anticipation guides help engage students by activating prior knowledge and stimulating student interest before reading. If class time permits, discuss students’ responses to each statement before reading each article. As they read, students should look for evidence supporting or refuting their initial responses.

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

[bookmark: _Toc468113062]
Guilty or Innocent? Fingerprints Tell the Story
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. Your fingerprints don’t become permanent until you are around two years old.

	
	
	2. You leave something behind every time you interact with the environment.


	
	
	3. Latent fingerprints are easy to see.

	
	
	4. Your fingerprints leave an oily nonpolar residue behind.

	
	
	5. Fingerprints last longer on nonporous surfaces such as glass.

	
	
	6. Fingerprint powder is polar.

	
	
	7. The most common type of fingerprint powder is made of carbon.

	
	
	8. After dusting and photographing, fingerprints are attached to a card with adhesive tape.

	
	
	9. The amino acids excreted in sweat are the same in women and men.

	
	
	10. The age of fingerprints can be determined by examining the oily residue.



[bookmark: _Toc468113063]Vertical Farming: Does It Stack Up?
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. Plants can grow indoors if provided with nutrient-rich water and artificial light.

	
	
	2. Through stacking, vertical farms usually increase the productivity of a surface by a factor of 10.

	
	
	3. Plants grown without soil use more water than open-field agriculture.

	
	
	4. Plants grown with their roots suspended in the air use more water than open-field agriculture.

	
	
	5. The heat produced by artificial light sources is desirable to help plants grow.

	
	
	6. Plants can be placed closer together if LEDs are used to produce artificial light.

	
	
	7. Plants absorb all colors in the visible light spectrum in photosynthesis.

	
	
	8. Currently, bulk crops such as grains, corn, and soybeans are being grown in vertical farms.

	
	
	9. Light colors can be used to tell a plant to grow in a specific way.

	
	
	10. Photosynthesis produces carbohydrates and oxygen.



[bookmark: _Toc468113064]
How SUE Became a Rock Star
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. Fossils are bones of animals that lived a long time ago.

	
	
	2. The dinosaur SUE was named after the paleontologist who discovered it.

	
	
	3. The process of decomposition is accelerated when an organism is buried under sand or mud.

	
	
	4. When an organism dies, iron, digestive enzymes, and calcium leak, causing the body to stiffen.

	
	
	5. The compounds produced in the gut of a dead organism attract scavengers.

	
	
	6. Bone minerals contain phosphate.

	
	
	7. Bone mineral reacts with chemicals in the environment when an organism dies.

	
	
	8. Some fossils show signs of the behavior and activity of ancient organisms, not the organism itself.

	
	
	9. Some atoms in your body right now probably came from a dinosaur’s body.

	
	
	10. SUE’s ear structure is much different from human ear structure.



[bookmark: _Toc468113065]
Expiration Dates: What Do they Mean?
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. At some point, all foods spoil because of chemical changes.

	
	
	2. The products of the oxidation of vitamin C have the same flavor and nutritional value as vitamin C.

	
	
	3. Oil becomes rancid when exposed to oxygen in the air.

	
	
	4. Rancid odors and flavors are produced in a one-step chemical reaction.

	
	
	5. When apples are uncut, the enzyme that causes browning is separated from compounds that react with oxygen.

	
	
	6. Caramelization (production of simple sugars) can occur when cooking vegetables.

	
	
	7. Caramelization is always desirable.

	
	
	8. Food must be stored properly for expiration dates to have meaning.

	
	
	9. The FDA regulates expiration dates on food sold in the United States.

	
	
	10. As a general rule, you should never eat food past its expiration date.



[bookmark: _Toc468113066]
E-Cycling: Why Recycling Electronics Matters
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. Residents of the U. S. dispose of fewer than 5 million computers each year.

	
	
	2. Most electronics contain heavy metals and precious metals.

	
	
	3. Heavy metals can cause severe health effects.

	
	
	4. Metals can be reused when computers are recycled.

	
	
	5. Metal components of computers can be separated from plastic by magnets.

	
	
	6. Precious metals can be recovered by dissolving the metals with a strong acid.

	
	
	7. In recovering both silver and gold, the metal ions are reduced through electrolysis.

	
	
	8. About half of all states have legislation regarding how to handle electronic waste.

	
	
	9. During the past few years, consumers have recycled about the same amount of electronics each year.

	
	
	10. Currently, no certified recycling companies exist in the United States.



[bookmark: _Toc283997099][bookmark: _Toc468113067]
Reading Strategies

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

	Score
	Description
	Evidence

	4
	Excellent
	Complete; details provided; demonstrates deep understanding.

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

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

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

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




Teaching Strategies: 

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

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

· Vocabulary and concepts that are reinforced in this issue:

· Forensic science
· Molecular structures
· [bookmark: _GoBack]Polar and nonpolar molecules
· Wavelengths of light
· Chemical reactions
· Personal and community health
· Heavy metals
· Conservation of matter
· Consumer choices

· Some of the articles in this issue provide opportunities for students to consider how understanding chemistry can help them make informed choices as consumers.

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

· In addition to the writing standards above, consider asking students to debate issues addressed in some of the articles. Standards addressed:

· 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.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.

[bookmark: _Toc468113068]
Guilty or Innocent? Fingerprints Tell the Story

Directions: As you read, complete the graphic organizer below to describe the chemistry of using fingerprints as evidence in forensic science.

	
	Chemicals used with examples and properties

	Fingerprint components
	

	Revealing fingerprints
	

	Future of using fingerprints for identification
	



Summary: On the bottom or back of this paper, write a short email (about 5 sentences) to a friend who is interested in forensic science explaining the value of fingerprint identification.
· 

[bookmark: _Toc468113069]Vertical Farming: Does It Stack Up?

Directions: As you read the article, complete the graphic organizer below to describe vertical farming, including some advantages and challenges. 

	What is it? Where is it being tried?

	Vertical Farming
What are some advantages?


	Examples of light used


	What are some challenges?





Summary: On the back of this paper, write a tweet (140 characters or less) describing what you learned about vertical farming. 
[bookmark: _Toc468113070]How SUE Became a Rock Star

Directions: As you read the article, complete the graphic organizer below to describe the steps in fossil formation.

	
	What happens, including time each process takes
	Chemicals involved

	Organism dies
	
	

	Minerals replace bone
	
	

	More minerals replace blood vessels
	
	

	Rocks form around fossils
	
	




Summary: On the back of this paper, write a one-sentence summary (20 words or less) describing fossil formation.
[bookmark: _Toc468113071]
Expiration Dates: What Do they Mean?

Directions: As you read the article, complete the graphic organizer below to describe 

	Reasons food can go bad
	How food is affected
	Chemicals involved

	Oxygen exposure
	
	

	High temperatures
	
	

	Enzymes in food
	
	



Summary: On the back of this paper, explain in a sentence or two how your new understanding expiration dates will affect your food choices.
[bookmark: _Toc468113072]E-Cycling: Why Recycling Electronics Matters

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

	3
	Reasons to recycle electronic waste
	

	2
	New things you learned about chemistry through reading the article 
	

	1
	Question you have about recycling electronic waste
	

	Contact!
	What one thing would you like to tell your friends about recycling electronic waste? 
	


[bookmark: _Toc468113073]
Guilty or Innocent? Fingerprints Tell the Story
[bookmark: _Toc212568418][bookmark: _Toc468113074]Background Information (teacher information)

The history of fingerprinting

	Dermatoglyphics (coming from ancient Greek, derma = skin, glyph = carving) is the scientific study of fingerprints. Dactylography (coming from Greek, dactyl = finger or toe, graphy = drawing or representing) is a term used for the study of fingerprints to identify people. Fingerprints (friction ridge skin impressions) were used to identify individuals in China as early as 300 B.C., in Japan as early as A.D. 702, and in the United States since 1902. Friction ridge skin was first described in the Western Hemisphere in detail by Dr. Nehemiah Grew in 1684. It wasn't until 1788 that J. C. A. Mayer, a German doctor and anatomist, wrote that friction ridge skin is unique to each individual. In 1823, Dr. Johannes E. Purkinje, a German professor, classified fingerprint patterns into nine categories and gave each a name, and those names are still used today. In 1911, Joseph Faurot, a New York Police Department fingerprint expert presented testimony in Charles Crispi’s burglary trial. Faurot's use of a fingerprinting demonstration and crime evidence were so impressive that Crispi changed his own plea to guilty. People v Crispi (1911) is likely the first conviction using only fingerprint evidence in the United States. (https://www.ncjrs.gov/pdffiles1/nij/225321.pdf)

How fingerprints are formed

	The process of fingerprint formation in infant development is complex. It is a combination of both genetics, involving multiple genes, and environmental factors. Fingerprints are formed in the fetus between the third and sixth months of development. Genetic factors likely influence the size, shape, and spacing of the friction ridge skin. However, environmental influences such as fetal thumb sucking, contact with the womb surface, and the density of the mother's amniotic fluid also contribute. (https://ghr.nlm.nih.gov/primer/traits/fingerprints) It is generally accepted that no two individuals (even twins) have identical fingerprints due to the environmental variations.

Michael Kücken and Alan Newell of the University of Arizona found that creation of the [fingerprint] patterns involves stresses in a sandwiched sheet of skin called the basal layer. In a fetus, the basal layer grows faster than the surrounding layers – the epidermis on the outside and the inner dermis. The basal layer buckles and folds in several directions, forcing complex shapes.Layers of the skin responsible for fingerprint formation

(http://www.livescience.com/30-lasting-impression-fingerprints-created.html)


Stresses are created at skin boundaries, including fingernails and knuckle creases, as well as around shrinking fingertip pads.
(http://www.livescience.com/30-lasting-impression-fingerprints-created.html)

	To read Kücken's and Newel's complete 2005 journal article, you can access it online at: (http://math.arizona.edu/~anewell/publications/Fingerprint_Formation.pdf). The scholarly article uses equations to mathematically study the buckling patterns. This article includes an introduction into fingerprints, biological background, theories of ridge formation and topographical issues, the mathematical model with some analysis, computer simulations, and results with conclusions. Numerous pictures, figures, and diagrams enrich the article.

Altering or losing fingerprints

	While fingerprints are genetically and environmentally influenced, they can be altered. Abrasion, acids, bleach or chemotherapy treatments may temporarily remove or alter a person's fingerprints, but they will grow back (genetics) the same as before. People have tried to burn off, sand off, and even bite off their fingerprints, but they grow back
(http://www.scientificamerican.com/article/lose-your-fingerprints/).

Certainly injuries, scars, and other trauma can alter a person's fingerprints, but these factors then become a distinguishing characteristic of the fingerprints. Some criminal cases where individuals attempted to alter their fingerprints include: John Dillinger (discussed in the article) mutilating his fingertips with acid, Gus Winkler changing his pattern type from a double loop to a left whorl, Robert J. Phillips transplanting skin from his chest onto his fingerprints, Marc George implanting skin from the sole of his foot to his fingertips, and Gerald Perez obliterating his fingertips with heavy stitches.Photographs of altered fingerprints: 
(a) Transplanted fingerprints from feet, (b) bitten fingers, 
(c) fingers burned by acid, and (d) stitched fingers.
(https://encrypted-tbn3.gstatic.com/images?q=tbn:ANd9GcTHxcVacz9o89K3P76Ktisn-_TOvrkqT2ew1mRCtmY1QPrMbJIe)


Noncriminal cases of fingerprint alteration include a woman using a laser to alter her fingerprints, swapping the friction ridge skin of the thumbs and index fingers between left and right hands, a variety of surgeries to remove or alter the fingerprints. (http://www.cse.msu.edu/rgroups/biometrics/Publications/Fingerprint/YoonFengJain_AlteredFP_AnalysisDetection_PAMI11.pdf)



	A very rare genetic condition, adermatoglyphia, causes some people to be born without fingerprints. The condition is so rare that it has only been found in a few families worldwide.(http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3155166/)
Fingers of patient with adermatoglyphia, 
a natural lack of fingerprints

(http://news.nationalgeographic.com/content/dam/news/photos/000/386/38624.adapt.590.1.jpg)

This genetic disease has been dubbed the "immigration delay disease" because in 2007 a Swiss woman was trying to travel to the U. S. Regulations require that all non-residents of the U.S. be fingerprinted upon entering the country, and she could not enter because she didn't have any fingerprints(http://www.sciencemag.org/news/2011/08/mystery-missing-fingerprints)


The condition is caused by a mutation related to the SMARCAD1 gene. It is an autosomal dominant inheritance pattern which requires an individual to inherit only one allele to exhibit the disease. Additional information with resources and more references on adermatoglyphia can be found at https://ghr.nlm.nih.gov/condition/adermatoglyphia.

Fingerprints, identification, and the law

	People typically are curious about the legalities of obtaining and using a person's fingerprints. There are also concerns regarding the problems associated with the use of fingerprints in legal cases. For high school age students, state regulations govern the ages of and conditions under which juveniles may be fingerprinted.

The authorization to fingerprint, however, does not usually apply to all arrested juveniles. For example, New York allows youth to be fingerprinted as young as age 11. More common age thresholds, according to the NIJ [National Institute of Justice] document, begin at 14 in other States. As of 1995, 48 States authorized law enforcement agencies to fingerprint arrested juveniles.

The types of crimes for which fingerprinting of juveniles is allowed vary by State but most often include serious offenses and felonies.

(http://www.ojjdp.gov/pubs/reform/ch2_i.html#jr)

	The legalities of using fingerprints (or other impressions) as legal evidence is thoroughly discussed in “Fingerprints and the Law” (https://www.ncjrs.gov/pdffiles1/nij/225333.pdf), a chapter from The Fingerprint Sourcebook (described in the “Web Sites for Additional Information” section below). This chapter explains the Federal Rules of Evidence (FRE) as they pertain to fingerprinting, provides examples and details of the various court cases involving fingerprinting, and details nuances that affect the use of fingerprint evidence in court. Also included are explanations of the Federal Rules of Criminal Procedure interpreted specifically for fingerprinting. Legal challenges to fingerprinting and an historical account of fingerprints in U.S. courts round out the chapter.

	Fingerprints are widely used in situations other than court cases. Many people today use their fingerprints as identification to securely protect their smartphones. It is also possible to use fingerprints to allow only the owner of a firearm (or another authorized fingerprinted user) to fire that weapon. (http://www.cnn.com/2014/03/26/tech/innovation/smart-guns-know-whos-firing/)
[image: http://www.richardbanks.com/trends/wp-content/uploads/2014/03/image82.png]
Security features on a handgun, using fingerprint identification

(http://www.richardbanks.com/trends/wp-content/uploads/2014/03/image82.png)

Gun safes can also be purchased which use fingerprint security to prevent children or unauthorized individuals from acquiring the weapon.

	More mundane occurrences of fingerprint use include applying for some jobs. Teachers are often fingerprinted as a condition of their employment, and their fingerprints are checked against child offender or sex abuser registries. Applicants for most governmental jobs and military service positions are required to have their fingerprints taken and stored. People applying for U.S. citizenship and green card applicants (lawful permanent residents) are required to submit biometric data including fingerprints for individuals between ages 14 and 79. Some states use fingerprints to verify the individuals who receive social services and aid, thereby reducing fraud and waste of government funds. (http://www.cdss.ca.gov/cdssweb/entres/forms/English/pub337.pdf) Many organizations that work closely with children, youth, or vulnerable adults—including churches, schools, daycare centers, and nursing homes—require both workers and volunteers to submit fingerprints to allow the organizations to verify their background histories.



Problems associated with fingerprints as evidence

	While highly reliable, fingerprint analyses are subject to numerous variables that determine the quality of the fingerprint evidence. The National Academies of Science (NAS) concluded in a 2009 report that no peer-reviewed scientific studies have been done to prove the belief that fingerprints are unique to a specific individual. (http://www.nap.edu/catalog/12589/strengthening-forensic-science-in-the-united-states-a-path-forward) The NAS report also states that contextual bias plays a role in analyses made by experts. Indeed, other biometric or biological forensic evidence types have their issues, but DNA analysis has the highest validity.

	One example of a highly-publicized case of mistaken fingerprint identity was that of Brandon Mayfield. (Also see "Misidentified fingerprint cases", below.)

Most famously, Brandon Mayfield, an Oregon lawyer, spent two weeks in jail in 2004 because three FBI experts matched his prints with those found on a plastic bag that was evidence in the investigation of the Madrid train bombings. Spanish authorities continued to try to match the prints after the FBI arrested Mayfield and eventually linked them to an Algerian man. Since defendants rarely challenge the accuracy of fingerprint evidence, there could be many more undiscovered mistakes. Regardless of the exact number, it is clear that innocent people have been jailed because of fingerprint identifications that were wrong.

(http://www.bu.edu/sjmag/scimag2005/opinion/fingerprints.htm)

	In addition, the techniques used in finding, obtaining, and analyzing the latent fingerprints are not uniform, resulting in validity problems. Some countries require as many as 30 points of similarity between the fingerprint evidence and the individual's fingerprint; the United States has no uniform requirements for points of similarity.

Examiners link a partial print from a crime scene to a whole one taken from a suspect by matching particular characteristics of the fingerprint. They compare the overall print pattern and other ridge characteristics, including width of the ridges and the spacing of oil pores, according to Ed German, a fingerprint examiner with the U.S. Army. But examiners primarily rely on matching points on both prints where ridges end, bifurcate, or change direction. Examiners conclude a crime scene print came from a suspect after matching between three and sixteen points (FBI examiners found 15 points on Mayfield’s print). But there are no standards on the number of points that must be matched. Instead each lab, and sometimes each examiner, determines the number needed.

(http://www.bu.edu/sjmag/scimag2005/opinion/fingerprints.htm)

	Factors influencing the quality of the fingerprint evidence include: the size of the print (complete or fragment), the surface from which it was obtained, whether contaminated or distorted, the age of the fingerprint, the reliability and experience of the expert analyst, how the print was preserved, and the chain of evidence. Rarely in the past was fingerprint evidence questioned in courts of law; however, this may be changing, partially based upon the NAS report. The error rate that experienced fingerprint analysts make is uncertain, but it certainly cannot be zero. Errors can be the result of using only a partial print (sometimes only 20%, and that may be smudged), bias, and peer pressure.

	One known flaw in fingerprinting is that examiners may taint the identification process through bias and peer pressure. A panel of outside print examiners convened by the FBI to review the Mayfield case found that a supervisor made the initial identification and lower-ranking examiners, when asked to confirm or reject their boss’ work, felt pressured to confirm. …

	The handful of studies of fingerprints show a troubling pattern of errors. Since 1995, Collaborative Testing Services, a company that evaluates the reliability and performance of fingerprint labs, has administered an annual and voluntary test. It sends fingerprint labs a test that includes eight to twelve pairs of prints that examiners confirm or reject as matches. The pairs usually consist of complete, not partial prints, making identifications easier than the real situations examiners face. Nevertheless the error rate has varied from 3% to a dismal 20%.

(http://www.bu.edu/sjmag/scimag2005/opinion/fingerprints.htm)

And it isn’t only the opinion of the source above, as this quote from the article “Fingerprints: Not a Gold Standard” in the Fall 2003 volume of Issues in Science and Technology shows:

	Although some FBI proficiency tests show examiners making few or no errors, these tests have been criticized, even by other fingerprint examiners, as unrealistically easy. Other proficiency tests show more disturbing results: In one 1995 test, 34 percent of test-takers made an erroneous identification. Especially when an examiner evaluates a partial latent print—a print that may be smudged, distorted, and incomplete—it is impossible on the basis of our current knowledge to have any real idea of how likely she is to make an honest mistake. The real-world error rate might be low or might be high; we just don’t know.

(http://issues.org/20-1/mnookin/)

	Given the conundrum of whether, or how, to use fingerprint evidence (in the same source, directly above), Jennifer Mnookin, a respected law professor at the University of Virginia School of Law, asks and answers, "Given fingerprinting’s weaknesses, what should be done? Clearly, more research is necessary. There should be serious efforts to test and validate fingerprinting methodologies and to develop difficult and meaningful proficiency tests for practitioners."

Latent fingerprint techniques

	Determining which type of surface (porous or nonporous) is expected to bear a fingerprint is important in determining the technique that will be used to visualize the print. It is imperative to use a suitable technique, proper reagents (and in the correct sequential order) to obtain the best evidence. Porous surfaces (paper, wood, and other cellulose-based materials) permit the substances in the fingerprints to absorb into the material. These surfaces may require the use of amino acid techniques (see the discussion of ninhydrin below). Nonporous surfaces (glass, metal, plastic, and painted wood) do not absorb the prints; therefore, the prints are more likely to be damaged because they are on just the surface. These latent prints typically use powders, stains, and cyanoacrylate.

	A common type of fingerprinting powder is black in color and contains a mixture of rosin, ferric oxide, and carbon (lampblack). Most fingerprinting powders are composed of a pigment and a binder. The pigment makes the print visible, and the binder assists the pigment in adhering to the print.

Carbon, or lampblack, (colloidal carbon) is one of the oldest pigments and is still widely used. Lampblack is a form of carbon that is different than common soot because of lampblack's much greater surface area and low multi-ring hydrocarbon content. It is this great surface area/volume ratio that allows the nonpolar lampblack to chemically bind so effectively to the nonpolar components of the fingerprints. Besides fingerprinting powders, lampblack is widely used in plastics, automotive tires, and paints.Lampblack

(http://www.skylighter.com/images/web_pictures/Lampblack.jpg)


In addition to the lampblack in the fingerprinting powder described above, the rosin serves as the binder, and ferric oxide (a dark reddish-brown) is an additional pigment. Dusting this mixture on the latent fingerprint allows the pigments and binder to adhere to the oils and moisture in the fingerprint, making them visible.
(http://www.scientificamerican.com/article/how-does-fingerprint-powd/)

	Sometimes a white powder (titanium dioxide) will be used on glass or dark colored surfaces to form a better image with greater contrast. A gray (aluminum) powder can be used on glass, plastic or rubber surfaces. Both of these lighter colored materials provide higher contrast and better fingerprint images when used on dark substrates.Fingerprints dusted with fluorescent powder, under UV light

(https://jscimedcentral.files.wordpress.com/2013/07/30.jpg)


	There are other types of fingerprinting powders that may be used for special circumstances. Fluorescent powders are used in conjunction with a black light (UV) or laser to allow the fingerprints to glow and enhance their visibility. The benefit of fluorescent powders is their ability to distinguish the print from its surface, like a convenience store counter.

	Magnetic powders may have colors associated with the metallic powder. This powder can be applied with a magnet so there is minimal abrasion of the delicate latent fingerprint or of delicate surfaces.

	Another type of powder, called magnetic or magna powder, allows for application with a magnetized rod that has no bristles. This type of powder can be light, dark, or fluorescent and utilizes the ferromagnetic properties of iron powder mixed with pigment powders. The magnetized applicator (magna brush) is dipped into the powder, picking up a ball of the iron and particle mixture, essentially forming its own brush.Applicator for 
magnetic powder

(https://www.ncjrs.gov/pdffiles1/nij/225327.pdf)


	It is important to note that the magnetic powder ball formed with a magna brush is much softer than conventional filament brushes and typically causes less damage to fragile latent prints.

(https://www.ncjrs.gov/pdffiles1/nij/225327.pdf)

	Fingerprints are composed primarily of water (~98%) but also contain small traces of amino acids. On porous surfaces, the water will evaporate, but the amino acids (and other solids) in the fingerprint will be captured and will not migrate. Ninhydrin is a chemical that was first described circa 1910 and was observed to turn purple when it reacts with the amino acids in
skin. However, it was not used in forensic sciences with fingerprints unit about 1954. Today, it is a popular technique for working with cellulose-based surfaces (e.g., paper, cardboard, and wood) and developing latent fingerprints on them. Ninhydrin techniques are not as useful on colored surfaces or with fingerprints that are older.Latent finger print, developed with ninhydrin (structure at left)

(http://2012books.lardbucket.org/books/introduction-to-chemistry-general-organic-and-biological/section_21/2563dcc3db90b5aaef85fd6e82bf7e36.jpg)


The amino acids in a fingerprint can be used to determine the gender of the individual leaving the print. This determination is based on research that indicates that females have about double the number of amino acids in their sweat than males.(http://cen.acs.org/articles/93/web/2015/11/Amino-Acids-Help-Determine-Sex.html)


Note that this link provides a brief
abstract only; the full article is only available to American Chemical Society members.

	 Regardless of the powder or technique used, when the fingerprint is visualized, it must still be preserved. There are two common processes for preserving the visualized fingerprints. The easiest and most commonly used method is to lift the visible print from the surface. A high-quality, clear adhesive tape is simply placed over the fingerprint, rubbed to make good contact and remove air bubbles, pulled off of the surface, and placed on a card with a contrasting color for best visibility. The lifted fingerprint taped on the card can then be photographed for digital storage, if desired. The other method is to photograph the visible fingerprint in situ. If only photography is used, then the choice of fingerprint powder and suitable lighting to provide maximum contrast becomes extremely important. (https://www.ncjrs.gov/pdffiles1/nij/225327.pdf)

Fingerprint patterns

	Fingerprints can be classified by the type of patterns they exhibit. The simplest classification of fingerprints uses three patterns called arches, loops, and whorls. Arch patterns comprise only 5% of all fingerprint patterns. Loops are the most common and are found in 60–70% of fingerprints. Whorls comprise 20–25% of the fingerprints.Examples of the three main fingerprint patterns

(https://behindthecrime.files.wordpress.com/2009/05/loop-pattern.gif)


	Of course, there are multiple variations on these three basic patterns. These variations are crucial in differentiating the fingerprints of people from one another. See the graphic and descriptions of some types of variations below.



[image: http://onin.com/fp/fmiru/fppatterns.gif]
(http://onin.com/fp/fmiru/fppatterns.gif)



	Even beyond these expanded pattern types, there are fine details called minutiae that allow expert analysts to distinguish among similar appearing fingerprints. These minutiae are the final discrimination factor that fingerprint analysts use to make positive identification. The image below shows three levels of details that fingerprint analysts can use in making identifications. In this image, the minutiae are the enlarged Level 2 and 3 Features.
Levels of detail in fingerprint analysis/identification

(http://patentimages.storage.googleapis.com/US20070230754A1/US20070230754A1-20071004-D00001.png)

Misidentified fingerprint cases

	While fingerprints are generally believed to be unique, with no two people sharing an identical fingerprint, there are cases where fingerprint evidence has led to an incorrect match. One high-profile case of mistaken fingerprints occurred in 2004 with an Oregon attorney, Brandon Mayfield.

In a 2004 national press release, the FBI apologized to Mayfield and he was exonerated. Their explanation of the situation follows.

	After the March terrorist attacks on commuter trains in Madrid, digital images of partial latent fingerprints obtained from plastic bags that contained detonator caps were submitted by Spanish authorities to the FBI for analysis. The submitted images were searched through the Integrated Automated Fingerprint Identification System (IAFIS). An IAFIS search compares an unknown print to a database of millions of known prints. The result of an IAFIS search produces a short list of potential matches. A trained fingerprint examiner then takes the short list of possible matches and performs an examination to determine whether the unknown print matches a known print in the database.

	Using standard protocols and methodologies, FBI fingerprint examiners determined that the latent fingerprint was of value for identification purposes. This print was subsequently linked to Brandon Mayfield. That association was independently analyzed and the results were confirmed by an outside experienced fingerprint expert.Brandon Mayfield

(http://america.aljazeera.com/content/ajam/opinions/2014/2/the-terrifying-surveillancecaseofbrandonmayfield/jcr:content/mainpar/adaptiveimage/src.adapt.960.high.brandon_mayfield_020714.1391881499601.jpg)


	Soon after the submitted fingerprint was associated with Mr. Mayfield, Spanish authorities alerted the FBI to additional information that cast doubt on our findings. As a result, the FBI sent two fingerprint examiners to Madrid, who compared the image the FBI had been provided to the image the Spanish authorities had.

	Upon review it was determined that the FBI identification was based on an image of substandard quality, which was particularly problematic because of the remarkable number of points of similarity between Mr. Mayfield's prints and the print details in the images submitted to the FBI.

	The FBI's Latent Fingerprint Unit will be reviewing its current practices and will give consideration to adopting new guidelines for all examiners receiving latent print images when the original evidence is not included.

	The FBI also plans to ask an international panel of fingerprint experts to review our examination in this case.

	The FBI apologizes to Mr. Mayfield and his family for the hardships that this matter has caused.

(https://archives.fbi.gov/archives/news/pressrel/press-releases/statement-on-brandon-mayfield-case)

	Another interesting misidentification case involved a Scottish police constable, Shirley McKie. A woman was found murdered in her home, and a handyman was suspected of the murder. His fingerprints were found at the crime scene, but another thumbprint was found there, that did not match the suspect or the victim. Scottish Criminal Record Office (SCRO) experts claimed it was McKie's. However, McKie adamantly denied ever setting foot in the murdered woman's house. McKie was subsequently suspended from her job, fired, arrested, charged with perjury, and sent to trial. Fortunately, two U.S. fingerprint experts stated that the thumbprint did not belong to McKie, but the SCRO experts did not waiver. A member of the Scottish Parliament uncharacteristically invited fingerprint analysts from around the world to review the evidence. The 171 experts all agreed that the thumbprint did not belong to McKie. However, the damage to McKie's career and reputation was complete, and the actual murderer was not identified. (https://locardslab.com/2015/05/12/forensic-fails-the-shirley-mckie-fingerprint-scandal/)Shirley McKie

(http://ichef-1.bbci.co.uk/news/560/media/images/57322000/jpg/_57322785_002559974-1.jpg)


	Lana Canen was a less fortunate victim of incorrect fingerprint identification. Canen spent eight years in prison before being freed for the 2002 Thanksgiving Day murder of Helen Sailor. Canen and her co-defendant were accused of attempting to rob and murder Sailor. Canen maintained her innocence throughout her trial, but a crucial fingerprint found on a medicine bottle was claimed by fingerprint experts to match Canen's. She was convicted and sentenced to 55 years in prison. Canen appealed her conviction, and an Arizona fingerprint expert discovered that a sheriff's deputy had misidentified Canen's print on the bottle. Canen spent a total of eight years in prison through the trial-and-appeal before her release, the sheriff's deputy was disciplined for the mistake and continued working for the department.(https://www.law.umich.edu/special/exoneration/pages/casedetail.
aspx?caseid=4047)
Lana Canen

(https://www.law.umich.edu/special/exoneration/PublishingImages/Lana_Canen.jpg)




“Like dissolves like”

	The adage “like dissolves like” succinctly summarizes solubility rules based on polarities of substances. That is, polar substances tend to dissolve in other polar substances, and nonpolar substances tend to dissolve in other nonpolar substances. Fingerprints are primarily composed of sweat or water (polar) and oils (nonpolar). So, in the fingerprinting powders, there are typically some polar components (ferric oxide) and some nonpolar components (carbon and rosin).
[image: ]	The polarity of a molecule is caused by the larger differences in electronegativities between the bonded elements in the substance, and the asymmetrical arrangement of the polar bonds. The larger the electronegativity differences, the more polar the bond that is formed in the molecule. When the electronegativity differences between the bonded elements are small, a nonpolar bond results. Molecules can be nonpolar if they contain polar bonds, as long as the polar bonds are arranged symmetrically, resulting in an electrical cancellation of dipole forces.(http://www.chem.ucla.edu/~harding/notes/notes_14C_noncoval02.pdf)


The polarity of the bonds is a sliding scale and not a plateau; bonds are not either just polar or nonpolar, instead there are degrees of polarity. Similarly, molecules have varying degrees of polarity due to the varying polarity of the bonds and the degree of symmetry of the molecule. When a polar molecule, like ammonia in the diagram above, is in close proximity to other polar molecules, such as water, then intermolecular attractions (dipole or hydrogen bonds) cause the two polar molecules to attract each other. This is what occurs in fingerprints when polar pigments (ferric oxide) in the fingerprinting powder are attracted to the polar water in the fingerprints.

	In the diagram at right, nonpolar iodine and nonpolar bromine interact due to the weak intermolecular (dispersion) forces that are present among nonpolar molecules.(http://www.chem.ucla.edu/~harding/notes/notes_14C_noncoval02.pdf)


Likewise, when a nonpolar molecule such as the sebum or lipids in fingerprints are exposed to another nonpolar substance, carbon (fingerprinting powder), then the weak dispersion attraction occurs, binding the powder to the oily fingerprint.

Dispersion-force attractions

	Dispersion-force attractions, also known as dispersion forces or London dispersion forces, are the weakest of the intermolecular van der Waals attractions. However, their weakness belies their significance in the properties of nonpolar materials. These dispersion forces are what permit nonpolar molecules to exist in liquid and solid states at room temperature. Dispersion forces are formed by the unequal instantaneous distribution of electrons in a typical nonpolar molecule. These fleeting, unequal electron distributions in a nonpolar molecule cause slight positive (δ+) and slight negative (δ-) charges which can interact with opposite charges on adjacent nonpolar molecules, or they can induce an opposite charge on an adjacent nonpolar molecule. In the diagram, the red shading indicates unequal electron distribution in both molecules. The lighter shade indicates less electron density, which results in a slight positive charge, and the darker shade indicates a greater electron density and produces a slight negative charge. The lipids in a fingerprint are nonpolar molecules, but they are solids or liquids (oils) at room temperature due to the dispersion forces. These solid and liquid states of matter allow the lipids to form a lasting fingerprint on many types of surfaces. For a full discussion and additional graphics, see http://www.chemguide.co.uk/atoms/bonding/vdw.html.Dispersion forces arise due to instantaneous dipoles

(http://www.chemguide.co.uk/atoms/bonding/vdw.html)


Eccrine, apocrine, and sebaceous glands

	Human sweat is primarily produced by eccrine and apocrine glands located in the reticular dermis (thick, lower dermis layer) or in the subcutaneous fat. Eccrine glands are found almost everywhere on the skin; however, they are most populous in the palms, soles, forehead, and axillae (underarms). These glands primarily excrete water (~99%) and salts, and they are responsible for cooling the skin. (https://www.derm101.com/inflammatory/embryologic-histologic-and-anatomic-aspects/eccrine-units/)Sweat glands

(http://www.mayoclinic.org/~/media/kcms/gbs/patient%20consumer/images/2013/08/26/10/41/_bhtestimage.png)


	Apocrine glands are more localized and are found in the parts of the body with more hair follicles: genital area, anal region, external ear, breast, eyelids, and axillae. These apocrine glands respond to emotional stimuli and release an oily, opaque, odorless secretion. Bacterial decomposition of the oily apocrine secretions are the main source of body odor. (https://www.derm101.com/inflammatory/embryologic-histologic-and-anatomic-aspects/apocrine-units/)

Both the water in the eccrine secretions and the oils in the apocrine secretions are components of fingerprints. In addition, proteins, amino acids, and other lipids from both types of sweat glands are found in fingerprints.

	Sebaceous glands produce sebum, and these glands are found in various sizes all over the surface of the skin, except on the palms, soles, and dorsa of the feet. The sebaceous glands are most prevalent and productive on the scalp, forehead, nose, shoulders, and the upper part of the back and chest. (https://www.derm101.com/inflammatory/embryologic-histologic-and-anatomic-aspects/sebaceous-units/) While fingertips do not have abundant sebaceous glands, when people touch their faces or other body regions, the sebum is transferred to the fingertips. So, the oily sebum becomes an important component of fingerprints because it does not readily vaporize. Sadly, this same sebum is the primary culprit in the common teenage malady, acne.
[image: http://cnx.org/resources/bdf1712166f277cd568ff235ce52ef1b5fdd3640/407_Sebaceous_Glands.jpg]

Sebaceous glands secrete sebum, which adheres to fingers and contributes to latent fingerprints
LM × 400. (Micrograph provided by the Regents of University of Michigan Medical School © 2012)

(http://cnx.org/resources/bdf1712166f277cd568ff235ce52ef1b5fdd3640/407_Sebaceous_Glands.jpg, images taken from http://cnx.org/contents/oWqVExrJ@3/Epithelial-Tissue)

Biometric identification

	Biometric identification (or verification) involves using one or more biological traits to uniquely identify a person. Common biometric identifiers include fingerprints and DNA. Newer forms of biometrics include retina or iris patterns, facial recognition technology, and earlobe geometry. Some behavioral characteristics such as voice, body odor, signature, typing rhythm, and walking gait may supplement biometric identification.

	The need for security and positive identification is increasing rapidly in our world. Restricting access to rooms or areas; protecting one's identity; securing electronic data, computers, and cloud accounts; and tracking missing children or escaped prisoners are but a few of the actions today that can depend on biometric data. Passwords that protect our smartphones, computers, and online accounts are weak points in the attempt to prevent unauthorized use. Passwords are used because they are relatively simple and (sometimes) easy to remember. However, any skilled hacker can break numeric or alphanumeric passwords in short order.

	Today, our identities are verified almost exclusively by one of two methods—things that you carry with you and things you remember. Driver’s licenses and passports are examples of the former, passwords and PINs the latter. But physical identification is easy to fake, and passwords are easily cracked by hackers, who then have nearly unfettered access to our credit cards, bank accounts, and personal data.

(http://www.pbs.org/wgbh/nova/next/tech/biometrics-and-the-future-of-identification/)

	Therefore, biometric identification has seen a surge in attention because it is harder to fake, break, or manipulate. Biometric identification involves the familiar, like DNA matching, fingerprinting, voice recognition, and face recognition (e.g., Facebook), and body odor, as well as some that may be less familiar, such as ear (shape), eye (iris and retina patterns), gait, typing recognition, vein patterns, and dynamic signature recognition. (http://www.biometricsinstitute.org/pages/types-of-biometrics.html)

	Since the 9/11 attack on the World Trade Centers in 2001, the need for accurate identification of people has escalated. The role of the National Security Agency (NSA) has mushroomed in response to the need to identify and track terrorist and others. Whether it's the need to identify victims of an accident or crime, or authenticate the permission for a person to enter a restricted area or access restricted files, biometric identification demands are increasing. The problem with using biometric data lies with protecting the biometrics—who owns it; who is storing it; who is collecting it, with or without permission; how is it being shared; and how is it being used, with or without your permission?Iris scan biometric for identification

(http://www.easysecurityonline.com/wp-content/uploads/2015/10/Retina-scan.jpg)


	The debate over the extent and uses of government databases has intensified since the public became aware of the surveillance program PRISM, run by the National Security Agency, known as the NSA. According to news reports citing leaked confidential information, the NSA created PRISM to monitor the electronic communications and digital breadcrumbs of foreigners suspected of being terrorists. It siphons data about phone calls, search histories, email messages, and more from private servers run by technology companies, including Google, Facebook, and others. The volume is so great that innocent U.S. citizens are likely caught in the broad net.

	While biometrics haven’t been mentioned as being stored in the PRISM database, there’s a good chance a biometric of yours is stored in at least one of those companies’ databases—Facebook. “Facebook has the largest facial recognition database in the entire world,” Lynch says. Whenever someone uploads a photo to Facebook, the company’s algorithms scan the image for faces and sifts through their own records to suggest a name. It sounds innocuous enough, but there’s no guarantee they won’t be used for another purpose in the future.

(http://www.pbs.org/wgbh/nova/next/tech/biometrics-and-the-future-of-identification/)

	Are there practical ways that the typical citizen will use biometrics? Certainly, many people use their fingerprint to access their smartphone or verify online purchases. Facebook uses facial recognition software to tag the people in the photos that are uploaded to profile pages. Some stores are starting to use facial recognition technology to identify the age, gender, and race of shoppers to target them with appropriate advertisements.

	Already, we’re seeing glimpses of what this biometric future will look like. Electronic payment company Square recently released a feature where you can pay simply by carrying your phone in your pocket or purse. When you walk in a shop, Square’s software will bring up your photo on the store’s register. If you want to buy something, a clerk can complete the transaction by verifying that the image on screen is, in fact, you. It’s a similar process to that used at border crossings in many countries, where citizens or visitors wave their electronic passports over a sensor and immigration officials verify that the information stored on the passport matches the individual in front of them.Smart phone using fingerprint identification security

(http://cdn2.macworld.co.uk/cmsdata/
features/3471071/HowToUseTouchID.jpg)


	With these systems, Savvides [Dr. Mario Savvides, research professor at Carnegie Mellon University] says, “The human is doing the biometric matching.” They aren’t fully automated, which means they fall short of what researchers like Savvides consider true biometric systems. But they’re “starting to bridge the gap,” he says. It’s easy to imagine replacing the human in these situations with a camera and a computer. “Wouldn’t it just be so much faster and increase throughput to have an automated system that does that?” he asks.
(http://www.pbs.org/wgbh/nova/next/tech/biometrics-and-the-future-of-identification/)






[bookmark: _Toc212568419][bookmark: _Toc468113075]Connections to Chemistry Concepts (for correlation to course curriculum)

1. [bookmark: _Toc212568420]Polarity—Fingerprints contain both polar (primarily water and salts) and nonpolar (primarily lipid) compounds. The article ties the binding of fingerprinting powders to the polar and nonpolar components in the fingerprints. Also, the charge distribution in polar and nonpolar molecules is mentioned in the article.
2. Biochemistry—Connections are made between the watery secretions of the eccrine sweat glands and the oily, lipid secretions of the sebaceous glands found in fingerprints. Lipids are identified as a type of hydrocarbon compound.
3. Intermolecular attractions—The binding between nonpolar substances is identified as a type of dispersion-force attraction. The temporal nature and the weak strength of dispersion forces are discussed in the article. Also, the common expression “like dissolves like” is used in the context of nonpolar fingerprint powder binding to the nonpolar components in a latent fingerprint.

[bookmark: _Toc468113076]Possible Student Misconceptions (to aid teacher in addressing misconceptions)

1. “A person's fingerprints can be changed, because I've seen it done in movies.” While fingerprints can be changed with treatments like acids, bleach, abrasion, or surgery, the changes are only temporary unless the treatment goes deeply enough to damage the dermis of the skin. Fingerprints are genetic and are set by the end of the sixth month of fetal development. Changes that are drastic enough to permanently alter the fingerprints would also damage the dermis, thereby becoming a new part of the fingerprint. Surgery and severe injury can alter the fingerprints, but the genetics of the fingerprints and any lasting injury or change to the dermis would be reflected in the new fingerprints.
2. “So, in the movies how can they use the finger from another person or cast an impression from another person's finger to fool the security?” It's all part of the magic of movies! In most cases it is not possible to use a severed finger or a dead person's hand to thwart biometric security devices. The trauma of severing a finger and the immediate changes in physiology that occur would quickly alter the fingerprints and render the severed finger useless. Changes in circulation, body temperature, and nerve reactions would make the severed finger unusable. In addition, the best biometric security systems use "liveness" tests to prevent plastic copies, photographs, etc. from being used.
3. “Fingerprints are foolproof identification and can be positively linked to just one individual.” There have not been any peer-reviewed, scientific studies to collaborate the widely-held belief that fingerprints are unique, and no two people have the same fingerprints. While the probability is low, the actual probability is not known. When a high-quality fingerprint is checked against a computer databank of fingerprints, the computer typically returns several possible matches. An expert fingerprint analyst then examines the possible matches and compares them to the print in question. The final match hinges on the skill, biases, and experience of the fingerprint analyst. Being human, mistakes are possible and have been documented.

[bookmark: _Toc468113077]Anticipating Student Questions (answers to questions students might ask in class)

1. “What are the laws that determine whether my fingerprints can be taken and whether they can be kept?” Almost all states (48) in the United States allow legal authorities to obtain the fingerprints of juveniles for felonies and severe crimes. The ages at which these fingerprints can be taken from the juvenile vary, but some start as early as age 11. In some cases, photographs of obtaining the juvenile fingerprints must accompany the fingerprints. In many cases, the fingerprints must be deleted from the records when the juvenile becomes an adult. Students would need to research laws for specific states.
2. “Are there court cases where fingerprint evidence was used that resulted in a wrong conclusion?” Yes. See "Misidentified fingerprint cases" in the “Background Information” section, above.
3. “Does wiping off a gun or glass remove the fingerprints?” The simple answer is yes, if done correctly. Most people are not careful enough to completely remove all of the fingerprints, and they may leave partial prints behind. In addition, bullet casings and magazines that are not wiped down properly will have fingerprints remaining on them. Wiping an object may smudge the fingerprints rendering them less useful or incomplete. Developing a latent fingerprint from a gun is only about 5% successful even when the gun is not wiped off. However, traces of DNA may be left on the gun or glass even after wiping it off, and DNA evidence is more powerful than fingerprint evidence in most cases.



[bookmark: _Toc468113078]Activities

Labs and Demos

1. Latent fingerprint developing and analysis: This lab activity, “Latent Prints”, is written for grades 4–8, but could be used with older students, as well. Complete student handouts and teacher support are provided, as students crush graphite and then dust it onto latent fingerprints. A student question asks them to discuss the size of the forces of attraction between the graphite powder and the fingerprint. This is where high school teachers could more fully develop the electrical explanation to discuss solubility (like dissolves like) and intermolecular forces. (http://www.omsi.edu/sites/all/FTP/files/chemistry/NH-PDF/NH-G23-LatentPrints.pdf)
2. Lifting fingerprints with body powder and colored chalk dust: This activity, "Detective Lab Section 4: Dust and Lift", from Westminster College provides an alternate method of developing and lifting latent fingerprints using body powder and dust from colored chalk. The lab is straight-forward; however, there are no teacher guides, answers, or other support provided. (http://www.westminster.edu/about/community/sim/pdf/detectivelab4dustandlift.pdf)
3. Recover latent fingerprints using several methods: Students briefly learn the history of fingerprinting and then recover their own fingerprints with iodine fuming, cyanoacrylate (Superglue) fuming, fingerprint powder, and graphite in "Fingerprinting Lab". Students use the recovered fingerprints to match to an unknown fingerprint. The lab activity materials include basic safety precautions, student worksheets, and teacher answers and directions. (http://www.terrificscience.org/lessonpdfs/FingerprintingLab.pdf)
4. A crime scene is solved with fingerprint analysis: A bakery was robbed and fingerprint evidence was left behind in "Sticky Fingers". Students learn about fingerprints by capturing and analyzing their own fingerprints on a white latex balloon using pencil lead powder. After learning characteristics of fingerprint patterns, the students use supplied fingerprints to solve the crime. The lab activity includes student worksheets and teacher answers. (http://forensics.rice.edu/en/materials/activity_ten.pdf)
5. Develop latent fingerprints with black tempera paint powder: A classroom activity, "Hunt for the Serial Arsonist", that accompanied the 1995 NOVA video, Hunt for the Serial Arsonist, directs students to recover their latent fingerprints from a sheet of paper (similar to the actual case) using black powdered tempera paint. Students graph their fingerprint type data, make predictions regarding distribution patterns, and compare their class data to the general population. The lab activity can be completed without viewing the associated video. (http://www.pbs.org/wgbh/nova/education/activities/2214_arsonist.html)
6. Intermolecular forces, a demonstration and student activity: This activity based on the 5E model starts with a teacher demonstration of bending water and advances to student exploration and identification of intermolecular forces acting in water, ethanol, acetone, and pentane. "Intermolecular Forces" includes student materials and a brief set of teacher materials. (http://sites.jmu.edu/chemdemo/files/2011/06/Intermolecular-Forces-Lesson-Plan.docx)
7. A jigsaw activity comparing intermolecular forces: Students are randomly assigned to one of four groups (London dispersion forces, Debye (induced) dipole, dipole-dipole, or hydrogen bonds) where they access Web sites to become proficient on their intermolecular force. The activity, “Intermolecular Forces (IMFs)”, includes questions that students must be able to answer. Some of the YouTube video links in the lesson are no longer active. (http://edtech2.boisestate.edu/lindabennett1/502/Bonds%20and%20IMFs/bonding%20jigsaw.html)

[bookmark: _Toc327249436][bookmark: _Toc453602479]Simulations
[bookmark: _Toc327249437]
1. Atomic interactions including van der Waals forces: This PhET simulation, “Atomic Attractions”, permits students to manipulate a variety of combinations between two atoms and see the resulting attractive and repulsive forces. Students can vary the distances between the atoms, the size of the atoms, the strength of the interactions, and show the forces as total force or as a combination of attractive (van der Waals) force and repulsive (electron overlap) force. Learning goals, teacher tips, and additional teacher-submitted materials are available to assist teachers and students to use this simulation most effectively. (https://phet.colorado.edu/en/simulation/atomic-interactions)

[bookmark: _Toc453602480]Media

1. A video explanation of fingerprint analysis: This YouTube video, “How to Compare Fingerprints—The Basics” (5:43), provides a clear explanation of the common fingerprint patterns, defines pattern terminology, and walks the viewer through the steps used to compare fingerprints. It is a clear and concise guide to the three-step ACE (Analysis, Comparison, Evaluation) comparison process. (https://www.youtube.com/watch?v=IrpTqKkgygA)
2. A video of developing latent fingerprints with Superglue: “DIY Hacks & How To's: Developing Finger Prints with Super Glue” is a YouTube video (2:12) using materials typically found in many homes to develop latent fingerprints on hard surfaces. The video is easy to follow and understand. (https://www.youtube.com/watch?v=l9Ovq4lq-9M)
3. van der Waals (London dispersion) forces video: The Kahn Academy video “van der Walls Forces” (11:38) explains how London dispersion forces form and their importance. The video is typical Kahn Academy style with an easy-to-understand explanation and graphics. Fluorine is incorrectly symbolized in the video as “Fl”, and the explanation on stability describes noble gas atoms as "happy". (https://www.khanacademy.org/science/chemistry/states-of-matter-and-intermolecular-forces/introduction-to-intermolecular-forces/v/van-der-waals-forces)
4. An intermolecular forces trick: This five-minute video, "Intermolecular Forces Magic Trick", from Flinn Scientific's teacher resources videos by Mike Roadruck shows the intermolecular forces in contact cement and in water with two separate demonstrations involving a bit of magic flair. (http://www.flinnsci.com/teacher-resources/teacher-resource-videos/best-practices-for-teaching-chemistry/teaching-strategies/intermolecular-forces-magic-trick/)
5. High school fingerprinting PowerPoint: This high school presentation, “Fingerprints”, provides an overview of fingerprinting history, types, and analysis. (http://www.georgetownisd.org/cms/lib/TX01001838/Centricity/Domain/854/fingerprints2013.ppt)
6. Dermatoglyphics PowerPoint: This college introduction to fingerprint identification, “Dermatoglyphics: An Introduction to Fingerprints”, also includes history, types, identification, and methods of detecting fingerprints. (http://webpages.ursinus.edu/scienceinmotion/Experiments/ExperimentWordDocs/Fingerprinting/Dermatoglyphics.ppt)
7. Physical Evidence PowerPoint: "Physical Evidence: Let the evidence Speak for Itself" looks at how physical evidence is collected and handled. It includes Locard's Principle, upon which fingerprinting and other forensic science methods are based. (http://sciencespot.net/Media/FrnsScience/physicalevidence09.ppt)
8. Intramolecular vs. intermolecular forces: The video, "Intramolecular vs. Intermolecular Forces", (8:58) from the ACS Middle School Chemistry Web site is designed to help teachers understand the differences between these two forces. While it is marketed to middle school, the content may be useful to many high school teachers. (http://www.middleschoolchemistry.com/teacherbackground/chapter4/intramolecular_intermolecular.php)
9. PowerPoint on apocrine and eccrine sweat glands: This presentation, "Sweat", provides an overview of apocrine and eccrine glands in sweat. Information along with diagrams is included in the slideshow. (http://faculty.ksu.edu.sa/noa/Documents/Sweat.ppt) Note: the site is slow to load. When it has loaded, it will ask for a password; simply click “cancel” and the slide show loads.
10. Infographic on fingerprinting: The Compound Interest Web site has an infographic, “Crime Scene Chemistry: Fingerprint Detection”, which has information on types of fingerprints, fingerprint powders, and a few types of fingerprint development processes. Accompanying the infographic is an article providing more information for the material summarized on the infographic. Teachers may want to check on the possibility of having the infographic enlarged and printed by their library media center or a local print shop in a poster size for a colorful classroom visual. (http://www.compoundchem.com/2016/07/26/fingerprints/)

[bookmark: _Toc327249438][bookmark: _Toc453602481]Lessons and Lesson Plans

1. Forensics fingerprinting lesson, grades 9–12: This eight-day lesson provides all the resources, references, links to standards, activities, reading materials, and assessments to complete a unit of study on fingerprinting. The unit, "Forensics Fingerprinting Lesson Grades 9-12", starts with the basics of fingerprinting but moves forward to analyze the flaws in fingerprinting by investigating the case of Brandon Mayfield. (See "Misidentified fingerprint cases" in “Background Information” above.) (https://www.oercommons.org/authoring/9440-forensics-fingerprinting-lesson-grades-9-12/view)
2. Forensics curriculum for high school: The ACS ChemClub Web site https://www.acs.org/content/acs/en/education/students/highschool/chemistryclubs/activities/forensics.html points readers to “Forensics Illustrated–Step under the Tape”, which contains a complete curriculum for high school forensic sciences. Reading materials, PowerPoint presentations, worksheets, photographs, projects, labs, assessments, and teacher materials. A link to other forensic science Web sites might be of interest to teachers. While not devoted specifically to fingerprinting, many of the resources involve fingerprinting. This is a rich resource. (http://bsapp.com/forensics_illustrated/index.html)
3. Intermolecular forces lesson unit: The American Association of Chemistry Teachers (AACT) provides its members access to a unit titled Intermolecular Forces. (You must be an AACT member to access the material.) A 30-minute lesson activity, “Intermolecular Forces”, provides students with an opportunity to acquire background information through a simulation tutorial and a student worksheet. The unit also includes two labs, “Physical Properties” and “Solubility and Compound Type”, which allow students to study the intermolecular forces of various substances and to investigate the concept of like dissolves like. A simulation, “Intermolecular Forces”, is provided that requires computers with Odyssey software installed and allows students to study dipole-dipole forces, hydrogen bonds, and London dispersion forces. The AACT unit provides teacher preparation materials, time required for each activity, teacher notes, and objectives.
(https://www.teachchemistry.org/content/aact/en/classroom-resources/high-school/molecules-and-bonding/intermolecular-forces.html)

[bookmark: _Toc327249439][bookmark: _Toc453602482]Projects and Extension Activities

1. Forensic activities to conduct at home: The ACS ChemClub Web site (https://www.acs.org/content/acs/en/education/students/highschool/chemistryclubs/activities/forensics.html) contains a reference to this book, Illustrated Guide to Home Forensic Science Activities, containing many forensic science experiments that may be done at home. However, some activities may require supplies that are toxic or may require purchase from online sources. Safety should be carefully considered before performing any of the activities. The activities in the book specifically related to fingerprinting include: revealing fingerprints; lifting fingerprints; revealing fingerprints with iodine, ninhydrin, superglue, gentian violet, and acidified hydrogen peroxide. The online version of the book can be accessed at: (http://www.thehomescientist.com/forensics/Illustrated_Guide_to_Home_Forensic_Science_Experiments.pdf)
2. Determining if fingerprint patterns are genetic: This simple activity from Scientific American has family members look at their fingerprints (with a magnifying glass, if available) to see if there are similar patterns of loops, whorls, and arches in their fingerprints. The article “Succession Science: Are Fingerprint Patterns Inherited?” is available at (http://www.scientificamerican.com/article/succession-science-are-fingerprint-patterns-inherited/).
3. Capturing your own fingerprints with pencil graphite: This basic activity can easily be conducted at home using simple materials. The activity, "Getting Familiar with Fingerprints", is targeted at elementary grades, but could be interesting and fun to do. (https://www.nsta.org/sciencematters/docs/Shippensburg-FingerPrinting.pdf)

[bookmark: _Toc468113079]References (non-Web-based information sources)
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This 1997 article is an interesting comparison to the current article. Advances in techniques and knowledge can be compared as well as similarities. The article describes a kidnapped child who was found using clothing fibers, not fingerprints, because children's fingerprints have a different composition than adults and disappear more quickly. (Noble, D. The Disappearing Fingerprints. ChemMatters, 1997, 15 (1), pp 9–12)

	There is a variety of forensic science techniques, including fingerprints, in this article. Several examples of cases are used where forensic evidence was important. (Baxter, R. Forensics: Finding the Chemical Clues. ChemMatters, 2002, 20 (2), pp 12–13)

	A discussion of the van der Waals forces that help geckos climb on slick surfaces like glass is included in this article about glues. Dispersion forces which cause fingerprinting powders to stick to latent fingerprints are a type of van der Waals force, and these dispersion forces are included in the discussion about glue. (Shiber, L. Sticky Situations: The Wonders of Glue. ChemMatters, 2006, 24 (4), pp 8–10)

	The use of van der Waals forces related to nonpolar fats similar to the lipids and oils in fingerprints is found in this article dealing with dietary fats. Explanations regarding the nonpolar nature of fats, including diagrams, may benefit students requiring assistance with this concept. (Kimbrough, D. The Solid Facts about Trans Fats. ChemMatters, 2007, 25, (4), pp 14–16)

	While fingerprints are not the focus of this CSI-type article, the forensic techniques and the philosophy behind solving crimes is complementary to the feature article on fingerprinting. An activity using paper chromatography to identify inks is included in this article. (Brownlee, C. Forensic Chemistry: Solving Mysteries with Fascinating Science. ChemMatters, 2010, 28 (3), pp 17–19)

	Solubility, polarity, and intermolecular forces are important in coloring foods. These same concepts are at work in fingerprinting and are explained in the article. (Rohrig, B. Eating with Your Eyes: The Chemistry of Food Coloring. ChemMatters, 2015, 33, (4), pp 5–7)
____________________

	“Solving the Mystery of Fading Fingerprints with London Dispersion Forces” is a closely linked article to the featured Rohrig article. The fading fingerprints refer to children's fingerprints and the way they disappear more rapidly than those of an adult. A discussion of London dispersion forces is also prominent in the article. (DeLorenzo, R.; Kimbrough, D. Solving the Mystery of Fading Fingerprints with London Dispersion Forces. J. Chem. Educ., 1998, 75 (10), pp 1300–1301; http://pubs.acs.org/doi/pdf/10.1021/ed075p1300; 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 National Academies of Science published a powerful book in 2009 that critiqued the collection and use of forensic evidence in the United States and resulted in a major examination of forensic science practices and uses in the U.S. It is often referenced in forensic science papers and is important to read and know for people working in forensic sciences. This book has challenged forensic scientists to refine their collection and analysis methodology and to use more scientific processes in forensic sciences. (National Research Council, Strengthening Forensic Science in the United States: A Path Forward; National Academies Press: Washington, DC 2009). The book is available for purchase in printed form, or it can be downloaded for free at the National Academies Press Web site. (http://www.nap.edu/catalog/12589/strengthening-forensic-science-in-the-united-states-a-path-forward)

	An article describing the chemistry behind some fingerprint visualization techniques is discussed in “Forensic Chemistry: The Revelation of Latent Fingerprints”. Two categories of visualization—those that react with the fingerprint residues and those that use intermolecular forces to adhere to the fingerprint residue—are explained in this article. (Friesen, J. Forensic Chemistry: The Revelation of Latent Fingerprints. J. Chem. Educ., 2015, 92 (3), pp 497–504; http://pubs.acs.org/doi/pdf/10.1021/ed400597u; note that this link provides a brief abstract only, the full article is only available to American Chemical Society members or subscribers to this journal)

	Two latent fingerprint activities designed for high school students using a structured-inquiry approach designed are described in “Activities Designed for Fingerprint Dusting and the Chemical Revelation of Latent Fingerprints”. One activity uses fingerprint dusting and the second uses chemical revelation techniques which are best conducted in a fume hood. (Friesen, J. Activities Designed for Fingerprint Dusting and the Chemical Revelation of Latent Fingerprints. J. Chem. Educ., 2015, 92 (3), pp 505–508; http://pubs.acs.org/doi/pdf/10.1021/ed500406v; 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)

	After the 2009 National Academies of Science report (above) condemning current forensic evidence techniques (including fingerprinting), the field of forensic science has steadily worked and improved to make forensics more science than craft. This article, written in layman's language, discusses some of the issues with forensic evidence and has great photographs, as well. (Greenwood, V. Beyond Reasonable Doubt. National Geographic, July 2016, pp 30–55)

[bookmark: _Toc212568425][bookmark: _Toc468113080]Web Sites for Additional Information (Web-based information sources)

Fingerprints

	The definitive resource for all things related to fingerprints comes from this publication from the National Criminal Justice Reference Center: Fingerprint Sourcebook, which is available online. The book includes these chapters:
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(https://www.ncjrs.gov/App/Publications/abstract.aspx?ID=247300)

	The U.S. Marshalls Service provides a condensed, chronological history of fingerprinting at https://www.usmarshals.gov/usmsforkids/fingerprint_history.htm.

	The Federal Bureau of Investigation (FBI) has information on multiple aspects of fingerprinting with links to additional information and resources on its Biometric Center of Excellence Web page. The FBI site includes fingerprint information on history, the concept, hardware, software, standards overview, and notable U.S. government fingerprint programs. (https://www.fbi.gov/about-us/cjis/fingerprints_biometrics/biometric-center-of-excellence/modalities/fingerprint)

The FBI has a Web site providing summary information on fingerprinting as well as additional biometric initiatives. The site also has links to further information on many of the topics. (https://www.fbi.gov/about-us/cjis/fingerprints_biometrics)

	The fear of biometric invasion is discussed in this Scientific American article from 2014: http://www.scientificamerican.com/article/biometric-security-poses-huge-privacy-risks/.

In addition, USA Today had an article in 2014 discussing future biometric measures (body odor) and the use of smartphones for pleasure and health (gait analysis, electrocardiograms, and fingerprints). The article wisely addresses the hot topic of who has the rights to collect, access, and use your biometric data. Find this provocative article at http://www.usatoday.com/story/news/world/2014/04/19/ozy-biometric-identification/7904685/.

	An interesting article on using month-old fingerprints to catch poachers on ivory illegally harvested from elephants in Africa is found at http://www.scientificamerican.com/article/new-powders-can-lift-poacher-prints-from-ivory-a-month-after-the-crime/.

	This site describes the process of recovering fingerprints from wiped metals, a particularly challenging task. The process uses the corrosion on the metals from the salts and other components found in the fingerprint. (http://www.rsc.org/chemistryworld/News/2008/June/06060801.asp)

	In a bizarre case, an Idaho wakeboarder's severed finger is found inside a fish and identified, using his fingerprint. (http://www.cbsnews.com/news/human-finger-found-inside-idaho-trout-belongs-to-wash-wakeboarder/)

	The ACS National Chemistry Week (NCW) theme for 2016 is “Solving Mysteries through Chemistry”. (https://www.acs.org/content/acs/en/education/outreach/ncw.html) The just-developed NCW 12-page brochure by the same name offers activities using chemistry to solve questions. The activity “Dusting for Fingerprints” on page 7 of the downloadable 2016 NCW pdf brochure describes a simple process to produce a latent fingerprint on glass and visualize it using black tempera powder or cocoa powder. (https://www.acs.org/content/dam/acsorg/education/outreach/ncw/educationalresources/2016/ncw-2016-brochure-low-res.pdf)

Forensic science

	The ACS ChemClub Web site has a section devoted to forensics. This is an extensive resource containing activities, articles, and videos related to the popular field of forensic science. Some of these specifically relate to fingerprinting, but additional forensic science processes are also explored. The links and materials are appropriate for both students and teachers. (https://www.acs.org/content/acs/en/education/students/highschool/chemistryclubs/activities/forensics.html)

	NOVA has an interesting article, “Forensic Tools: What's Reliable and What's Not-So-Reliable”, published in 2012. The problems with fingerprints, "lying" matching hairs, arson investigations, and drug testing are discussed in the article. (http://www.pbs.org/wgbh/frontline/article/forensic-tools-whats-reliable-and-whats-not-so-scientific/)

Biometrics

	For a brief discussion from the Biometric Institute on the theft of your biometrics, see http://www.biometricsinstitute.org/pages/faq-6.html.

	What other types of biometric identification are available other than fingerprints? For that answer read the USA Today article, “Biometric Identification that Goes Beyond Fingerprints”, at http://www.usatoday.com/story/news/world/2014/04/19/ozy-biometric-identification/7904685/.

Intermolecular forces

	A concise comparison of the strength of London dispersion forces and hydrogen bonds to French fries is made in the article, “Can London Dispersion Forces Be Stronger than Dipole-Dipole Forces, Including Hydrogen Bonds?” (Earles, T. Can London Dispersion Forces Be Stronger than Dipole-Dipole Forces, Including Hydrogen Bonds? J. Chem. Educ., 1995. 72 (8), p 727; http://pubs.acs.org/doi/pdf/10.1021/ed072p727; note that this is a brief abstract only, the full article is only available to American Chemical Society members or subscribers to the journal.)

	This is a technical discussion of the science behind the immiscibility of oil and water that goes further than the traditional "like dissolves like". The author suggests omitting most high school textbook explanations that may be misleading if the complete explanation cannot be included. (Silverstein, T. The Real Reason Why Water and Oil Don't Mix. J. Chem. Educ., 1998. 75 (1), pp 116–118; http://pubs.acs.org/doi/pdf/10.1021/ed075p116; note that this is a brief abstract only, the full article is only available to American Chemical Society members or subscribers to the journal.)

	“Intermolecular Bonding—Van der Waals Forces”, is a good explanation of van der Waals forces, with diagrams. Access it at http://www.chemguide.co.uk/atoms/bonding/vdw.html.

Other sites

	This site provides an in-depth look at Locard's Exchange Principle, including the history behind the principle and other factors involved in crime scene reconstruction can be found at http://www.profiling.org/journal/vol1_no1/jbp_ed_january2000_1-1.html.

For a one-minute video, “Sweating”, describing eccrine and apocrine sweat glands in the body, see http://www.nlm.nih.gov/medlineplus/ency/anatomyvideos/000127.htm.
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Open Field Agriculture

Open-field agriculture is the method most people think of when farming is mentioned. A farmer plows an open field, plants a crop, tends it until it is ready (hopefully), harvests it, and ships it to market. Although this is the method man has used since civilization began, there are problems with this method today. These problems are developed more fully later in this Teacher’s Guide.

A historical look at open-field agriculture will help us understand how it developed and why it is so important to mankind.

Villages, also called manors, were self-contained economic units that existed during the middle Ages. There were two levels of people in the society: the peasants, or serfs, who raised the food, and the lord or priest, who lived off the labors of the serfs. Serfs were neither fully free nor slaves and they could not leave the village, sell an ox, or marry without the Lord’s permission. The villages were self-contained economic units where the villagers ate most of the food that was raised and surplus food was sold during the good years. These “developments” were found in Western Europe, Russia, Iran, and Turkey and existed until the 20th century.

	Each manor had two or three large fields, usually several hundred acres each, which were divided into many narrow strips of land. Since the land was not uniform, the productivity of different parts of a village's land responded differently to variation in the weather. In years of high rain fall, low lying land might have been waterlogged and given low yields, while higher land might have been productive. When rainfall was light, the upland might have been too dry to produce well, while yields might have been high in the low lands. Each serf paid to work a strip of land, called a selion, or ridge. The strip was defined by the acre, which was the amount of land the farmer could plow in one day’s work. The serf would have a set amount of days they would be required to work on the Lord’s land. Since these strips of land were unfenced, it was called the open field system. In this system, temporary hedges were set up to keep cattle out of the fields. The strips were only owned by the serf during the time of crop growing. The open-field system required co-operation among the inhabitants of the manor and was a deterrent to developing the land or conserving the soil. The manor also included woodland and pasture areas for common usage and fields belonging to the Lord of the Manor and the church which the serfs were also required to cultivate. These farmers customarily lived in individual houses in a nucleated village with a much larger manor house and church nearby.

In the early manors, the arable land was divided into two fields or groups of fields; one group was planted with wheat, barley, or rye, while the other was allowed to lie uncultivated until the next planting season to recover its fertility. After crops were harvested, the first group of fields laid uncultivated and the livestock were permitted to graze on the stalks and stems and enrich the soil with their droppings.

Sometime during the 8th century farmers replaced the two-field with a more sophisticated three-field system where only a third of the land was uncultivated. In the autumn one third was planted with wheat, barley, or rye. Oats, barley, and legumes were planted in the spring and harvested in late summer. The legumes (peas and beans) improved the quality of the soil by their nitrogen-fixing ability and also improved the human diet. Because spring planting required summer rains, it was principally effective north of the Loire and the Alps. By providing two harvests a year it reduced the risk of crop failure and famine. It also made plowing more effective in two ways. First, by doing slightly more plowing than under the two-field system, a community of peasants could roughly double their crop yield, though in practice the uncultivated land was usually plowed twice to turn under the green manure. Secondly, the cultivation of a surplus of oats in the spring planting provided feed that made possible the substitution of the swifter gaited horse for ox power, after the introduction of the padded horse collar. This system helped drive agriculture toward the modern model of individual land-owning farmers.

By the end of the 17th century, a four course system, developed in Norfolk County, England, allowed farmers to do away with the uncultivated field and emphasized fodder crops. Wheat was grown in the first year, turnips and barley in the second, and clover and ryegrass in the third. The clover and ryegrass were grazed or cut for feed in the fourth year. The turnips were used to feed cattle and sheep in the winter.

The fodder crops eaten by the livestock produced large supplies of previously scarce animal manure, which was richer because the animals were better fed. When the sheep grazed the fields, their waste fertilized the soil, promoting heavier cereal yields in following years. This new method of farming enabled farmers to grow enough to sell some of their harvest without having to leave any land unplanted. Also, with these additional crops, farmers could now keep cattle though the winter, thus providing meat year around.
(https://www.britannica.com/topic/Norfolk-four-course-system)

	By 1800 most British farms became enclosed farms. By the end of the 19th century, much of continental Europe adopted this system. Instead of communal farming, the land was farmed by individuals. This new system encouraged farmers to experiment with new types of farming techniques and fertilizes and they were able to profit from better farm production year after year. Today, agricultural science helps countries adjust to healthier methods of food production, and scientists are developing new, high-yield varieties of crops that require fewer fertilizers or pesticides.

The image below is a generic map of a medieval manor showing strip farming and crop planting times.

[image: Plan of a Medieval Manor]
Plans of a medieval manor

(http://www.shadowedrealm.com/medieval-maps/plans/view/plan_of_a_medieval_manor)



Problems with open-field farming

	By the year 2050, nearly 80% of the earth’s population will reside in urban centers. Applying the most conservative estimates to current demographic trends, the human population will increase by about 3 billion people during the interim. An estimated 269,000,000 acres of new land (about 20% more land than is represented by the country of Brazil) will be needed to grow enough food to feed them, if traditional farming practices continue as they are practiced today. At present, throughout the world, over 80% of the land that is suitable for raising crops is in use. A potential solution to the problem is vertical farming. (http://www.verticalfarm.com/)
[image: Agricultural footprint]
The world’s agricultural footprint

(https://vertical-farming.net/info/#footprint)

The global challenges of open field agriculture as it is practiced today include:
· Pesticide use causes pollution to our waters
· About 70–80% of all fresh water is used in agriculture
· Food transport leads to significant food waste and greenhouse gas emissions.
· Urbanization is causing increasing demands for food in cities
· Increasing population: by 2050 the human population will increase by three billion
· We will need to increase our agricultural footprint.


[image: http://image.slidesharecdn.com/shruthikrishnan-150417121931-conversion-gate02/95/effect-of-agrochemicals-on-environment-19-638.jpg?cb=1429273286]As mentioned above, the use of pesticides to grow crops causes extensive water pollution. The diagram at the right outlines the four major pathways in which pesticides reach our waters.





Pesticide use causes pollution 
from runoff.(http://image.slidesharecdn.com/shruthikrishnan-150417121931-conversion-gate02/95/effect-of-agrochemicals-on-environment-19-638.jpg?cb=1429273286)



How is pesticide runoff a problem?

(http://www.worldthreadstraveler.com/wp-content/uploads/2015/09/5f24cb0fa3e4b097a4e3c2216c66e028.jpg)


What is the major problem caused by the passage of pesticides into our waters? Water soluble pesticides are easily transported from targeted areas to other unintended areas and cause damage to these plants and animals. Pesticides can alter or destroy food chains and can cause a decline in animal populations.



	As was mentioned earlier, agricultural use of water is by far the largest percentage of all water use (see pie chart at right).Global water use

(http://www.fao.org/nr/water/aquastat/water_use/index.stm)


Transportation of food over long distances results in spoilage and waste, before the food ever arrives at its final destination (grocery stores, for instance). It is interesting to note that more than a third of all of the food that's produced on our planet never reaches a table. It's either spoiled in transit or thrown out by consumers in wealthier countries. Thus, growing food locally is a key way to reduce food spoilage.

But transportation of food is an even bigger problem due to the use of fossil fuels and the production of greenhouse gases by the trucks, ships and airplanes that carry the food. It is difficult to estimate the relationship between food transport and carbon emissions because of the many variables such as type of fuel, mode of transportation, and distance traveled. The energy that goes into the production, harvesting, transporting, and packaging of wasted food generates more than 3.3 billion metric tons of CO2. (http://news.nationalgeographic.com/news/2015/01/150122-food-waste-climate-change-hunger/)

Vertical farming

[image: https://i.kinja-img.com/gawker-media/image/upload/s--G596EcR---/c_scale,fl_progressive,q_80,w_800/1430396726976681393.jpg]So, how can we improve on or solve these problems? One way is to use vertical farming. Vertical farming is the practice of producing food in vertically stacked layers, vertically inclined surfaces and/or integrated in other structures. The modern idea of vertical farming uses controlled-environment agriculture (CEA) technology, where all environmental factors can be controlled.
Layers of lettuce growing in 
an industrial-scale vertical farm

The VertiCrop system (Credit: Valcentu/CC BY-SA 3.0)

(http://io9.gizmodo.com/how-vertical-farming-is-revolutionizing-the-way-we-grow-1730550597)




Vertical farming has these advantages over open field agriculture:

· Limited agricultural runoff
· Year round crop production
· Resilient to climate change
· Uses up to 98 % less water compared to open field agriculture
· Less food miles due to local production
· Creates new green jobs
· Promotes restoration of damaged ecosystems
· Ideal for vacant urban spaces
· Higher yields and faster growth rates
· Delivers consistent, fresh and local produce
(https://vertical-farming.net/info)

Vertical farms are high-tech grow houses that typically inhabit buildings in urban areas. Produce is grown in stacks for local consumption. They use artificial lighting, climate control and, hydroponics or aeroponics to grow salad greens and herbs. Seasonality isn't a factor and there's no risk of poor weather conditions or seed contamination—a worry that comes up when growing non-GMO seeds in an open field. Other benefits include lower transportation costs and less spoilage, since many of these farms supply local restaurants and supermarkets.

These indoor companies are emerging throughout the United States, trying to change the way vegetables are grown. Among them: AeroFarms in Newark, New Jersey; FarmedHere in Bedford Park, Illinois; Green Sense Farms in Portage Indiana, Vertical Harvest in Jackson Hole, Wyoming; Green Spirit Farms in New Buffalo, Michigan; and Alegria Fresh in Irvine, California.

"On average, we're growing in 16 days what otherwise takes 30 days in a field—using 95 percent less water, about 50 percent less fertilizers, zero pesticides, herbicides, fungicides," said David Rosenberg, chief executive and co-founder of AeroFarms.

AeroFarms grows its plants "aeroponically," using a nutrient mist on plants anchored in a reusable cloth made of recycled plastic bottles, for which the company holds a patent. Its trays sit under specialized LED lights that cause the plants to initiate photosynthesis. Green Sense Farms, which supplies products to Whole Foods and other retailers in the Chicago area, uses a "modified hydroponic ebb-and-flow process" that involves pumping nutrient-laden water into the bottom of tubs filled with ground coconut husk. The water flows into the root system before being drained and repumped into the tubs.

“The big advantage of indoor vertical farming is that we have less impact on the environment. We conserve the water, the nutrients, we don't pollute or generate emissions," said Robert Colangelo, co-founder and chief executive of Green Sense Farms. "But more importantly, we can grow a large crop yield in a small footprint."

(http://www.cnbc.com/2015/06/24/vertical-farming-the-next-big-thing-for-food-and-tech.html)

It is hard to calculate the amount of food that comes from vertical farming, but it is thought to be a small fraction of all food grown. One reason that vertical farming remains a small, obscure niche is that farmers need to make money, not just food. Mr. Oshima said that AeroFarms was “cost competitive today with the field farmer.” But vertical farming has many skeptics and critics who expect that whatever energy and money are saved by shortening the distance from farm to table to be lost, and then some, by the high cost of artificial lighting and other equipment needed to produce food indoors and even outdoors in many urban settings.
It may be feasible to grow certain crops efficiently in certain circumstances in certain settings, they say, but only to a certain extent and at certain times. They consider it unlikely for the foreseeable future that vertical farming could produce enough food of different varieties to feed a significant number of people in a commercially viable way.

	The advantages of vertical farming include less land, less fertilizer, less pesticides, and less water. Because plants are grown in stacks up to 100 high, one acre of vertical farming can do the work of up to 100 acres of farm land. According to Stephen J. Ventura, Professor of Environmental Studies and Soil Science, University of Wisconsin, “There are situations in dense urban areas where space is highly limited that growing food with artificial lights, stacked vertically, makes sense, especially highly perishable products like sprouts or salad greens where there is an immediate market for them.” (https://www.washingtonpost.com/lifestyle/food/will-indoor-vertical-farming-help-us-feed-the-planet--or-hurt-it/2016/06/16/f1faaa98-3332-11e6-8ff7-7b6c1998b7a0_story.html)

Because indoor plants are fed by fertilizer either delivered hydroponically or aeoroponically, they get only what they need. Since there is no runoff there are no algae blooms in rivers, lakes and estuaries.

Indoor plants are grown in a controlled environment with no soil to harbor pests. The workers are exposed to fewer toxic substances, and there are no threats to honeybees or other desirable plants or animals.

Vertical farming can cut water use by up to 95 percent. This is a big advantage since water is in such short supply in many parts of the world.

The two major disadvantages of vertical farming include cost and the carbon footprint. Property in urban areas is expensive. And some argue that many cities have arable land on the outskirts of town that is much cheaper than prime urban real estate and close enough to consumers to keep shipping costs to a minimum. Also, providing artificial light to the indoor plants is energy intensive with a large carbon footprint. Louis Albright, director of Cornell University’s Controlled Environment Agriculture program, estimates that each kilogram of indoor lettuce has a climate cost of four kilograms of carbon dioxide. Compared to field grown lettuce, indoor lettuce production has a carbon footprint between 7 to 20 times greater.

There are some ways to reduce the carbon footprint of vertical farming. LED’s are becoming more efficient. A spokesperson at Phillips lighting expects their LED lights to eventually become 10 percent more efficient. Pumping carbon dioxide into the air is another way to make lighting more efficient. Plants use carbon dioxide for photosynthesis. With the same amount of light, plants grow better with an increase in carbon dioxide in the atmosphere. That can increase efficiency by another 20 percent. However, that increase in efficiency is still not enough to make vertical farming climate competitive with field farming.

Another factor to consider in reducing the carbon footprint of vertical farming is the source of its electricity. If the farm uses coal, the carbon cost is high. Using natural gas reduces the costs. About a fifth of the electricity in this country is generated by nuclear plants, which have a carbon footprint close to zero. And, as renewable energy sources such as solar and wind start to contribute more to the energy grid, the carbon cost of vertical farms will go down.

Hans Hassle is founder of Plantagon International AB in Sweden. Vertical farming is one of the company’s premier projects. He realizes the many challenges of making vertical farming profitable in large cities. “Vertical farming as an industry is very much at the beginning,” Mr. Hassle said. “We have focused on making it industrial and scalable, and that’s a little bit crazy. It’s like trying to do the impossible. It looks almost like science fiction.” (http://www.nytimes.com/2016/05/18/business/energy-environment/farms-that-rise-to-the-challenge.html)

Hydroponics

Vertical farming relies on growing plants in soil free environments, relying exclusively on water solutions of the nutrients for the plants. A summary of the types of hydroponic systems is described at the Growth Technology Web site.

Wicks System

Seen as the most simplistic hydroponic system. The Wick system is described as a passive system, by which we mean there are no moving parts. From the bottom reservoir, your specific Growth Technology nutrient solution is drawn up through a number of wicks into the growing medium. This system can use a variety of mediums, perlite, soil or coco.

Water Culture

This system is an active system with moving parts. As active hydroponic systems go, water culture is the simplest. The roots of the plant are totally immersed in the water which contains the specific Growth Technology nutrient solutions. An air pump with help oxygenate the water and allow the roots to breathe. Very few plants other than lettuce will do well in this type of system.

Ebb and Flow System (Flood and Drain)

This hydroponic system works by temporarily flooding the grow tray. The nutrient solution from a reservoir surrounds the roots before draining back. This action is usually automated with a water pump on a timer.

Drip System (recovery or non-recovery)

Dip [sic] systems are a widely used hydroponic method. A timer will control a water pump, which pumps water and the Growth Technology nutrient solutions through a network of elevated water jets. A recovery system will collect excess nutrient solution back into the reservoir. A non-recovery drip system will avoid this allowing the pH of the reservoir not to vary. If using a recovery system, be sure to check the pH level of the reservoir regularly and adjust using either pH UP or pH Down solutions on a more frequent basis.

Nutrient Film Technique System (N.F.T.)

The N.F.T. system is at the forefront of people’s minds when hydroponics is mentioned. Nutrient Film Technique uses a constant flow of your Growth Technology nutrient solution (therefore no timer is required). The solution is pumped from a reservoir into the growing tray. The growing tray requires no growing medium. The roots draw up the nutrients from the flowing solution. The downward flow pours back into the reservoir to be recycled again. Pump and electric maintenance is essential to avoid system failures, where roots can dry out rapidly when the flow stops.

(http://www.growthtechnology.com/growtorial/what-is-hydroponic-growing/)


Some of the advantages of hydroponics include:

· Reduction in water usage by allowing for recycling of the water.
· Since the grower has better control of nutrient and pH levels, the grower has more control of the growth process and can more easily protect plants from pollutants and pests. This results in higher crop yield.
· Since the hydroponics system does not depend on external environmental conditions, plants can be grown anywhere and year round.
· Since the root systems of hydroponically grown plants are smaller, plants can be grown closer together.

Some of the disadvantages of hydroponic farming include:

· Many hydroponic systems are energy-intensive and, therefore, expensive.
· Initial costs can be high.
· Technical knowledge is required to monitor systems.
· They are susceptible to power outages.
· Micro-organisms that are water-based can quickly destroy plants.
(http://dyna-gro-blog.com/hydroponics-advantages-and-disadvantages/)

There are a number of commercial companies that sell ready-made hydroponic solutions, but homemade solutions are less expensive and less mysterious than the “solutions in a bottle” offered by the commercial companies. Garden Culture Magazine provides basic recipes for preparing one gallon stock hydroponic solutions (see Web site below).

VEGETATIVE NUTRIENT
(Analysis: 9.5-5.67-11.3)
· 6.00 gr  Calcium Nitrate – Ca(NO3)2
· 2.09 gr  Potassium Nitrate – KNO3
· 0.46 gr  Sulfate of Potash – K2SO4
· 1.39 gr  Monopotassium Phosphate – KH2PO4
· 2.42 gr  Magnesium Sulfate – MgSO4 * 7H2O
· 0.40 gr  Chelated 7% Fe Trace Elements – recipe below

FLOWERING NUTRIENT
(Analysis: 5.5-7.97-18.4)
· 4.10 gr  Calcium Nitrate – Ca(NO3)2
· 2.80 gr  Potassium Nitrate – KNO3
· 0.46 gr  Sulfate of Potash – K2SO4
· 1.39 gr  Monopotassium Phosphate – KH2PO4
· 2.40 gr  Magnesium Sulfate – MgSO4 * 7H2O
· 0.40 gr  Chelated 7% Fe Trace Elements – recipe below

FRUITING NUTRIENT
(Analysis: 8.2-5.9-13.6)
· 8.00 gr  Calcium Nitrate – Ca(NO3)2
· 2.80 gr  Potassium Nitrate – KNO3
· 1.70 gr  Sulfate of Potash – K2SO4
· 1.39 gr Monopotassium Phosphate – KH2PO4
· 2.40 gr  Magnesium Sulfate – MgSO4 * 7H2O
· 0.40 gr  Chelated 7% Fe Trace Elements – recipe below

CHELATED TRACE ELEMENT MIX
· 7.00%  Iron – Fe
· 2.00%  Manganese – Mn
· 0.40%  Zinc – Zn
· 0.10% Copper – Cu
· 1.30% Boron – B
· 0.06%  Molybdenum – Mo

(http://gardenculturemagazine.com/garden-inputs/nutrients/make-your-own-hydroponic-nutrients)

To make one gallon of the solution, each ingredient is added, one at a time to ¾ gallon of hot distilled water. Each salt is completely dissolved before the next is added. After all of the ingredients have dissolved, water is added make one gallon of solution. The solution is cooled to room temperature and the pH is checked. Ideal pH for the solution is between 5.8 and 6.3. If the pH is above this, a small amount of dilute sulfuric, phosphoric or nitric acid can be added. More detailed directions and safety procedures can be found in Keith Roberto’s ebook How-To Hydroponics, at http://www.calgarycmmc.com/E-books/E-%20Books%20D-E-F-G-H/How%20To%20-%20Hydroponics%20-%20Keith%20Roberto.pdf.

The “Analysis” at the beginning of each recipe refers to the amount, in percent, of the macronutrients nitrogen, phosphorus, and potassium that are present within the recipe. Thus, “Analysis: 9.5–5.67–11.3” is interpreted as 9.5% Nitrogen, 5.67% Phosphorus, and 11.3% Potassium.

The essential macronutrients calcium (Ca), magnesium (Mg), nitrogen (N), phosphorus (P), potassium (K), and sulfur (S) are supplied by Ca(NO3)2, MgSO4 • 7H2O, KNO3, KH2PO4, and K2SO4. The chelated 7% Fe trace element mix (above) can be purchased from a hydroponic supply company.

This table summarizes the roles of each of the nutrients contained in the homemade hydroponic solution:

	Macronutrient
	Role

	Calcium
	Essential for strong cell walls.

	Magnesium
	Responsible for the transport of phosphorous and is necessary for photosynthesis to occur. 

	Nitrogen
	The basic element of proteins, chloroplasts, vitamins and nucleic acids. 

	Phosphorus
	Key in the storage of energy. It helps produce flowers and fruit. 

	Potassium
	Regulates water uptake by the plant and regulates cell wall development.

	Sulfur
	Essential for formation of amino acids.

	Micronutrient
	

	Boron
	Needed for calcium uptake and therefore, the formation of cell walls.

	Copper
	Activates enzymes needed for photosynthesis and cellular respiration.

	Iron
	Is found in many structural and enzyme proteins and is required for photosynthesis and respiration.

	Manganese
	Is required for photosynthesis, respiration, and lipid metabolism.

	Molybdenum
	Is responsible for nitrogen metabolism

	Zinc
	Is essential for protein synthesis and chlorophyll production.


(adapted from http://agriculture.vic.gov.au/agriculture/dairy/pastures-management/fertilising-dairy-pastures/what-nutrients-do-plants-require)

	The chemistry that takes place in solutions of the trace element mix is interesting. The salts contained in this mixture include ferrous sulfate (FeSO4), manganous sulfate (MnSO4), zinc chloride (ZnCl2), copper carbonate (CuCO3), and boric acid (H3BO3). (http://www.ukaps.org/forum/threads/making-own-trace-liquid-dtpa-or-edpa.16865/)

When water is added to this mix, double displacement reactions between some of the cations in some compounds may react with the anions in other compounds to form precipitates. For example the Fe2+ will react with CO3- and FeCO3 will precipitate out. Oxidation reactions between the metal cations and the oxygen dissolved in the aerated hydroponic solution also form precipitates. For example Fe2+ will react with oxygen gas to form insoluble Fe2O3. But only soluble nutrients are available for plant uptake. Chelators are used to solve these solubility problems.

A chelate contains a metal ion attached to a multi-bonded ligand. The bonds that holds the ion to the ligand are coordinate covalent bonds. In hydroponics, a common ligand is ethylenediaminetetraacetic acid (EDTA) which is an organic molecule. The ETDA ligand surrounds the Fe ion and “protects it” from precipitation. This complex is available for plant uptake. (https://manicbotanix.com/chelates-in-hydroponic-solutions/)
[image: http://img1.guidechem.com/chem/e/dict/119/15275-07-7.jpg]
Fe3+ - EDTA is an example of a chelate

(http://img1.guidechem.com/chem/e/dict/119/15275-07-7.jpg)

Aeroponics

Aeroponics is a method of growing plants in a special growing chamber with the roots suspended in air. A fine mist of nutrient solution is sprayed on the plants at timed intervals and the excess spray is recycled. This system uses 75% less water and nutrients than hydroponics. Click on http://www.biocontrols.com/Howitwrk.gif to view an animation of a functioning aeroponic chamber.

Aeroponics DIY, a company that provides aeroponic systems to farmers and gardeners, discusses the two types of aeroponic systems:

	There are two types or forms of aeroponic systems. The first one is HPA (High Pressure Aeroponics), and the other is LPA (Low Pressure Aeroponics).

HPAs are considered to be True Aeroponics and was used by NASA to grow vegetables. It also is the most expensive and the most complicated growing system to build. However, HPAs use less resources for plant grow: 98% less water, 60% less fertilizer, and 100% less pesticides (no pesticides), all supported by NASA laboratory studies.

LPAs are lower cost system. LPA systems are the most common used and built by DIYers.

High Pressure Aeroponics is True

The HPA (True Aeroponics) system was revolutionized by NASA in the 1990’s by reporting it as the most efficient way to grow plants in space. Studies have shown many benefits of growing plants with aeroponic techniques on both Earth and in space.

HPA systems must operate at a high pressure, normally above 80 PSI, but ideally at 100 PSI. The high pressure is used to atomize the nutrient water through a small orifice (hole) to create water droplets of 50 microns or less in diameter, in other words a fine mist like hair spray.

One micron is one-millionth of a meter. The average diameter of human hair is 80 microns. So we are talking about a really tiny water drop.

HPA also must run on a much accurate time cycle. HPAs might run 1 to 5 seconds on, and then off for three to five minutes. Specific components are required in controlling the timing interval and creating the proper size mist.

The basic components of a HPA are as follows:

1.	High-Pressure water pump
2.	Pre-Pressurize Accumulator Tank
3.	Electrical-Solenoid hooked to an adjustable relay timer
4.	Pressure switch
5.	Mister nozzles

Low Pressure Aeroponics is Cheaper

LPA systems use a standard magdrive pump couple to some PVC or tubing, and a few miniature sprinkler heads. The water spray from an LPA sprinkler head has large droplets that drown the plant roots.

LPAs generally run the pump 24 hours and 7 days a week, continually wetting the roots. This works well, and are cheap and easy to build. However they are not as efficient as HPA systems.

Also, for this to be truly an aeroponics system the reservoir most be separated from the grow chamber of the plants.

The basic components of a LPA are as follows:

1. High flow water pump
2. Micro sprinklers

(http://aeroponicsdiy.com/what-is-aeroponics/)

The advantages of aeroponic farming include:

· Fast plant growth because the roots are exposed to a lot of oxygen.
· All that is needed to maintain is the root chamber which needs regular disinfecting, and periodically, the reservoir and irrigation channels.
· Aeroponic plants need less nutrients and water because the nutrient absorption rate is higher, and plants usually respond to aeroponic systems by growing even more roots.
· Plants can be moved around without too much effort, as all that is required is moving the plants from one collar to another.
· Not much space is needed to start an aeroponics garden.

The disadvantages include:

· The constant semi-moist environment of the root chamber which invites bacterial growth.
· A typical aeroponics system is made up of high pressure pumps, sprinklers and timers. If any of these break down, plants can be damaged or killed easily.
· Knowledge of nutrients amounts required by plants is essential, because there is no soil to absorb excess/wrong nutrients supplied.
· Most aeroponic systems are expensive.
(http://www.gardeningsite.com/aeroponics/aeroponics-benefits-and-disadvantages/)



Artificial light

There are four main types of artificial light used for growing plants: incandescent, fluorescent and high intensity discharge (HID) lights, and light-emitting diodes (LEDs). We’ll discuss each of these below.

	Incandescent lights

 The incandescent bulb is a very inefficient one, with heat comprising 95% of the energy, with only 5% of the energy in the form of visible light. The bulb works on the principle that a high resistance is created when a current flows through a long thin wire that has been coiled. The wire gets extremely hot and gives off light. Because the temperature of the wire can get as hot as 2500 °C, tungsten, which has a melting point of 3400 °C, is used.The parts of an
incandescent light bulb

(http://www.enchantedlearning.com/inventors/page/i/incandescentbulb.shtml)
(http://hypertextbook.com/facts/1999/AlexanderEng.shtml)


While tungsten is a relatively unreactive metal, it does oxidize at temperatures above 400 °C. To prevent this oxidation, the air in the bulb is removed and replaced with an inert gas such as argon or nitrogen. Because of its low efficiency and high carbon footprint, the incandescent light bulb is being phased out in the U.S.

	The advantages of incandescent bulbs are: they have a somewhat long life, they are not affected by temperature and can be used outdoors, and they light up instantly. But there is a high electricity cost, and a large environmental impact, to using incandescent bulbs.

	Fluorescent lights
(http://home.howstuffworks.com/fluorescent-lamp2.htm)

Fluorescent lights use 75% less energy than incandescent lights and are suitable for plants that require low to medium light intensity. They use phosphors to convert ultraviolet light into visible light. A fluorescent lamp is a type of discharge tube that contains tungsten electrodes, argon gas, and a small amount of liquid mercury in a glass tube coated with phosphors.

When an electric current passes through the electrodes, they heat up and give off electrons which ionize the argon gas and an electric arc forms between the electrodes. This arc vaporizes the mercury. The electrons in the atoms of mercury vapor are excited to a higher energy state and, when they fall back down to their ground state, they release ultraviolet light. This ultraviolet light is absorbed by the phosphors that coat the lamp’s tube. Some of the energy from the UV light is converted into heat. The rest of the energy is released as visible light, which is of a lower energy than the UV light. The type of phosphors used control the color of light emitted.Visible light is produced when the phosphor coating 
on the inside of the tube fluoresces, due to photons
of ultraviolet light from excited mercury atoms hitting it.

(https://fr.daylightcompany.co.uk/faq/)


Modern fluorescent lamps called triphosphors use a combination of three phosphors to produce a white light. Fluorescent grow lamps emit light in the blue and red ranges as these are the wavelengths used for photosynthesis. Phosphors used in fluorescent lamps usually contain rare earth metal ions such as Tb3+, Ce3+, and Eu2+ to produce the desired colors of light.

	Color
	Phosphor Name
	Chemical Formula
	Wavelength

	Blue
	Barium Aluminate (BAM)
	BaMg2Al16O27 : Eu2+
	450nm

	or
	SrCaBaMg Chloroapatite
	(Sr,Ca,Ba,Mg)5(PO4)3Cl : Eu2+
	453nm

	Green
	Calcium Tungstate (CAT)
	Ce0.65Tb0.35MgAl11O19
	543nm

	or
	Lanthanum Phosphate (LAP)
	LaPO4 : Ce3+Tb3+
	544nm

	Orange-Red
	Yttrium Oxide (YOX)
	Y2O3 : Eu3+
	611nm



Triphosphor materials and colors

(http://www.lamptech.co.uk/Documents/FL%20Phosphors.htm)

To ensure uniform brightness on both sides of the tube, alternating current (AC) is used. If direct current (DC) were used, the cathode end, which has a greater concentration of electrons, would be brighter.

Ballasts are used to control the voltage to create the arc and to prevent the lamp from shorting and self-destructing. Formation of the electric arc requires a high voltage; when the lamp is turned on, the ballast provides the increases the voltage. Once the arc forms, the ballast limits the current to prevent the system from shorting out. (http://home.howstuffworks.com/fluorescent-lamp.htm and http://www.edisontechcenter.org/Fluorescent.html)

High intensity discharge lights

Metal halide high intensity discharge (HID) lamps promote leafy plant growth. These lamps contain tungsten electrodes, an inert gas such as argon, xenon, neon or krypton, and a mixture of metal salts inside a quartz capsule. The color of the light is determined by the type of metal halides used. For example, lithium salts and indium salts will produce the red and blue colored lights needed by plants. When electricity is applied, an electric arc forms in the ionized gas between the tungsten wires. The heat from the arc evaporates the metal salts and a plasma forms that intensifies the light. Because high voltage is needed to initiate the arc, a ballast is needed. HID lights produce less heat and brighter lights than both incandescent and fluorescent lights. However, a disadvantage of these lamps is their short life. (http://www.bulbs.com/learning/hid.aspx)

Another type of HID lamp used by the plant industry is the high pressure sodium discharge (HPS) lamp which emits a white light similar to incandescent light. A mixture of xenon and an amalgam of mercury and sodium are contained in an arc tube composed of aluminum oxide ceramic. The aluminum oxide can withstand the high heat of the electric arc and the reactive sodium metal. As can be seen in the image below, this lamp produces most of its light in the red-orange-yellow spectrum, which is characteristic of sodium. This spectrum of light promotes flowering. The blue-violet spectrum is a result of the mercury. (http://www.edisontechcenter.org/SodiumLamps.html)(http://www.bulbs.com/learning/hid.aspx)


It is common to use a combination of metal halide and high pressure sodium lamps where grow lamps are used commercially.

The image below compares the emission spectra for sunlight with lights from an incandescent bulb, a fluorescent lamp, a metal halide lamp, and sodium discharge tubes.

[image: http://www.lamptech.co.uk/Images/Illustrations/SO%20SPD%27s.jpg]
Comparison of emission spectra of various types of grow lamps with sunlight

(http://www.lamptech.co.uk/Documents/SO%20Spectral.htm)



Light-emitting diodes

	The science behind diodes

	Before discussing what light-emitting diodes are, we first need to describe the science behind their function.

	At the microscopic level, solids can be classified as metals, semiconductors, or insulators based on the amount of energy needed to excite electrons from localized bonds to a higher energy state where they are free to move about the solid. This energy is called the band gap energy, E. In metals, the band gap energy is very small, resulting in many delocalized electrons and high conductivity. In insulators, the band gap energy is very large, so insulators are poor conductors. Semiconductors have electrical conductivity between metals and conductors. See diagram below for more information.

	Let’s use silicon to explain how semiconductors can become good conductors of electricity. Silicon, which has four valence electrons, is a semiconductor. In a silicon crystal, each atom of silicon can bond to four other atoms of silicon and there are no free electrons to move around. In this case silicon acts as an insulator. Silicon can be doped by adding impurities to the crystal and its conducting properties will change.

	One way to dope the silicon is to add a small amount of phosphorous or arsenic. Each of these atoms have 5 valence electrons. The fifth electrons of these atoms have nothing to bond with and are free to move around. Because this type of doped silicon has an excess of electrons, and electrons are negatively charged, this is called an N-type silicon, or an N-type semiconductor.

	Elements like boron or gallium each have three valence electrons and they can also be used to dope silicon. In this instance, electrons in the silicon atoms have nothing to bond with which causes electron holes. This type of doping produces a P-type semiconductor because the lack of electrons creates positive charge.
(http://jqi.umd.edu/sites/default/files/images/bandgap_large.png)

	Both of these doped semiconductors are good conductors of electricity. These semiconductors can be joined and where they meet is called the junction. These type of semiconductors are called diodes. Separately both the N-type semiconductor and P-type semiconductor are good conductors. But when they are joined they become insulators. This is because at the junction the electrons in the N-type semiconductor fill the holes in the P-type semiconductor and an insulating layer forms.
	If you connect the cathode end of a battery to the N-type semiconductor, the electrons in the semiconductor repel the electrons at the cathode and move toward the junction. The holes move away from the anode end of the battery toward the junction and the electrons now fill the holes. New electrons and new holes form and as this process continues, current flows.

The diagrams below illustrate how diodes operate.

An insulator forms when a P-type semiconductor is joined with an N-type semiconductor.  At the junction, free electrons from the N-type material fill holes from the P-type material. This creates an insulating layer in the middle of the diode, called the depletion zone.

Current flows when the negative end of the circuit is hooked up to the N-type layer and the positive end is hooked up to P-type layer, electrons and holes start moving and the depletion zone disappears.
But when the positive end of the circuit is hooked up to the N-type semiconductor and the negative end is hooked up to the P-type semiconductor, free electrons collect on one end of the diode and holes collect on the other. The depletion zone gets bigger and electricity can’t flow.


(http://electronics.howstuffworks.com/led1.htm)

How light emitting diodes work

Diodes that produce light are called light emitting diodes (LEDs). Aluminum-gallium-arsenide (AlGaAs) is a common semiconductor in LEDs. As in pure silicon, pure aluminum-gallium-arsenide has all of the atoms bonded perfectly to their neighbors, leaving no free electrons to conduct electricity. By doping the AlGaAs to become N-type or P-type semiconductors and it will conduct electricity as electrons fill holes. In the process, energy is released in the form of light. (http://www.thenakedscientists.com/HTML/questions/question/1135/)


The band gap energy of an LED is associated with the wavelength and color of the photon released; for visible light, this energy ranges from 1.8 eV to 3.0 eV.

[image: Band Gap Energy]
(http://faculty.sites.uci.edu/chem1l/files/2013/11/RDGLED.pdf)

Free electrons moving across a diode can fall into empty holes from the P-type layer. This involves a drop in energy from the conduction band to a lower orbital, so the electrons release energy in the form of photons. This happens in any diode, but you can only see the photons when the diode is composed of certain material. The atoms in a standard silicon diode, for example, are arranged in such a way that the electron drops a relatively short distance. As a result, the photon's frequency is so low that it is invisible to the human eye—it is in the infrared portion of the light spectrum. Visible light-emitting diodes (VLEDs) are made of materials characterized by a wider gap between the conduction band and the lower orbitals. The size of the gap determines the frequency of the photon—in other words, it determines the color of the light.(http://www.jimonlight.com/wp-content/uploads/2008/09/led-diagram1.jpg)


LEDs are specially constructed to release a large number of photons outward. They are housed in a plastic bulb that concentrates the light in a particular direction. LEDs offer several advantages over incandescent lights. LEDs are even easy to dim and are perfect for encouraging plant growth, since they efficiently give off a lot of light without producing heat that could potentially be damaging to plant life.


	If you connect the cathode end of a battery to the N-type semiconductor, the electrons in the semiconductor repel the electrons at the cathode and move toward the junction. The holes move away from the anode end of the battery toward the junction and the electrons now fill the holes. New electrons and new holes form and as this process continues, current flows.

The diagrams below illustrate how diodes operate.

An insulator forms when a P-type semiconductor is joined with an N-type semiconductor.  At the junction, free electrons from the N-type material fill holes from the P-type material. This creates an insulating layer in the middle of the diode, called the depletion zone.
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How light emitting diodes work

Diodes that produce light are called light emitting diodes (LEDs). Aluminum-gallium-arsenide (AlGaAs) is a common semiconductor in LEDs. As in pure silicon, pure aluminum-gallium-arsenide has all of the atoms bonded perfectly to their neighbors, leaving no free electrons to conduct electricity. By doping the AlGaAs to become N-type or P-type semiconductors and it will conduct electricity as electrons fill holes. In the process, energy is released in the form of light. (http://www.thenakedscientists.com/HTML/questions/question/1135/)
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[image: Band Gap Energy]
(http://faculty.sites.uci.edu/chem1l/files/2013/11/RDGLED.pdf)

Free electrons moving across a diode can fall into empty holes from the P-type layer. This involves a drop in energy from the conduction band to a lower orbital, so the electrons release energy in the form of photons. This happens in any diode, but you can only see the photons when the diode is composed of certain material. The atoms in a standard silicon diode, for example, are arranged in such a way that the electron drops a relatively short distance. As a result, the photon's frequency is so low that it is invisible to the human eye—it is in the infrared portion of the light spectrum. Visible light-emitting diodes (VLEDs) are made of materials characterized by a wider gap between the conduction band and the lower orbitals. The size of the gap determines the frequency of the photon—in other words, it determines the color of the light.(http://www.jimonlight.com/wp-content/uploads/2008/09/led-diagram1.jpg)


LEDs are specially constructed to release a large number of photons outward. They are housed in a plastic bulb that concentrates the light in a particular direction. LEDs offer several advantages over incandescent lights. LEDs are even easy to dim and are perfect for encouraging plant growth, since they efficiently give off a lot of light without producing heat that could potentially be damaging to plant life.



Photosynthesis

	In green plants, the process of photosynthesis occurs in the chloroplasts. The overall balanced equation for the reaction is

6 CO2  +  6 H2O  →  C6H12O6  +  6 O2
	Sunlight energy

The process of photosynthesis essentially involves a redox reaction that transfers the electrons from the oxygen in the water molecules to the carbon atoms. Plants have to break the bonds of two stable compounds, CO2 and H2O, rearrange electrons, and produce two compounds which are less stable relative to the first two. It would not be profitable for the plants to do this using their own energy. Instead plants use an energy source that is readily available to them, sunlight. (http://www.gardeningsite.com/aeroponics/aeroponics-benefits-and-disadvantages/)

But, interestingly, only 3% of the sun’s energy is actually used in photosynthesis. Why is there such a great loss? Only part of the visible spectrum is useful in order for photosynthesis to take place. From the visible light spectrum, only red and blue wavelengths of light are used in photosynthesis. And, some of this energy is lost to reflection. Additional sunlight that could have been used by the plants is instead absorbed and used by the microorganisms in the soil (see diagram below).

[image: http://www.greenearthagandturf.com/photosynthesis-efficiency-plants.jpg]

Relative amounts of sunlight available for photosynthesis 
and wavelengths of sunlight absorbed by chlorophyll in photosynthesis

(http://www.greenearthagandturf.com)

The light reaction for photosynthesis occurs in sac-like structures called thylakoids. This phase of photosynthesis requires light, and the pigmented chlorophyll molecule is used to absorb this light. The structure of a chlorophyll molecule consists of a ring portion that contains a magnesium complex, which can easily accept and donate electrons, and a non-polar side chain which anchors the chloroplast in the thylakoid membrane. The ring portion of the chlorophyll gives it its characteristic green color and this is where the light is absorbed. There are two types of chlorophyll, chlorophyll a, which absorbs light at 430 nm and 663 nm, and chlorophyll b, which absorbs at 453 nm and 642 nm.
The slight difference in structure (shaded in blue) between
chlorophyll a and chlorophyll b 
accounts for the difference in absorption of light.

(http://www.food-info.net/uk/colour/chlorophyll.htm)
The wavelengths of visible light absorbed by 
chlorophyll a and chlorophyll b

(https://wiki.bio.purdue.edu/biol13100/images/6/61/Chlorophyll.JPG)


The energy from the excited electrons in this complex is then transferred to a chain of electron carriers. Electrons flow from water molecules to NADP+, forming NADPH and free oxygen molecules. ATP also forms. This is a highly endothermic reaction, and light provides the energy to transfer electrons from the water to the oxygen. This reaction can be summarized as:
2 H2O    4 e-  +  4 H+  +  O2

The second phase of photosynthesis, called the Calvin cycle, occurs in the thick fluid matrix of the chloroplasts called the stroma. While this reaction does not require light, it is dependent on the light reaction to provide the NADPH and ATP that reduces the carbon dioxide to glucose:
6 CO2  +  18 ATP  +  12 NADPH    C6H12O6  +  18 ADP  +  12 NADP+



[image: File:Chloroplast II.svg]
Chloroplast Structure

(https://commons.wikimedia.org/wiki/File:Chloroplast_II.svg)

The light reaction of photosynthesis occurs in the Thylakoids, 
producing the energy needed for the Calvin cycle in the form of NADPH and ATP. 
The Calvin cycle occurs in the stroma.

(https://figures.boundless-cdn.com/18852/full/figure-08-01-06.%402x.jpeg)



Sustainable agriculture

	The term ''sustainable agriculture'' is defined by U.S. Code Title 7, Section 3103. The five components of sustainable agriculture:

· Satisfy human food and fiber needs.
· Enhance environmental quality and the natural resource base upon which the agriculture economy depends.
· Make the most efficient use of nonrenewable resources and on-farm resources and integrate, where appropriate, natural biological cycles and controls.
· Sustain the economic viability of farm operations.
· Enhance the quality of life for farmers and society as a whole.

(https://nifa.usda.gov/program/sustainable-agriculture-program)

The Grace Communication Foundation, which promotes consumer actions and public policies that support sustainable food production, further defines sustainable agriculture based on the following principles.

Environmental Preservation

Sustainable farms produce crops and raise animals without relying on toxic chemical pesticides, synthetic fertilizers, genetically modified seeds, or practices that degrade soil, water, or other natural resources. By growing a variety of plants and using techniques such as crop rotation, conservation tillage, and pasture-based livestock husbandry, sustainable farms protect biodiversity and foster the development and maintenance of healthy ecosystems.

Protection of Public Health

Food production should never come at the expense of human health. Since sustainable crop farms avoid hazardous pesticides, they're able to grow fruits and vegetables that are safer for consumers, workers, and surrounding communities. Likewise, sustainable livestock farmers and ranchers raise animals without dangerous practices like use of nontherapeutic antibiotics or arsenic-based growth promoters. Through careful, responsible management of livestock waste, sustainable farmers also protect humans from exposure to pathogens, toxins, and other hazardous pollutants.

Sustaining Vibrant Communities

A critical component of sustainable agriculture is its ability to remain economically viable, providing farmers, farmworkers, food processors, and others employed in the food system with a livable wage and safe, fair working conditions. Sustainable farms also bolster local and regional economies, creating good jobs and building strong communities.

Upholding Animal Welfare

Sustainable farmers and ranchers treat animals with care and respect, implementing livestock husbandry practices that protect animals' health and wellbeing. By raising livestock on pasture, these farmers enable their animals to move freely, engage in instinctive behaviors, consume a natural diet, and avoid the stress and illness associated with confinement.

(http://www.sustainabletable.org/246/sustainable-agriculture-the-basics)

It is questionable as to whether hydroponics and aeroponics are considered sustainable farming. Sites that sell these types of systems will say yes, these are sustainable systems because they cut down on the use of water and on transportation costs. (http://www.thehydroponicum.com/page.php/21/Is_it_sustainable.html)

On the other hand, others will say that hydroponics is not a sustainable farming practice because the systems rely on fossil fuels to supply energy for the systems; hydroponics often relies on artificial lights which add to their carbon footprint, and crops are limited to leafy vegetables and herbs. These costs can be higher than the savings from transportation costs. (http://www.conserve-energy-future.com/sustainable-farming-practices.php)

Is vertical farming sustainable? Costs for LED lights are high, but the technology is improving. Energy consumption is high but there have been improvements in renewable energy sources. Property in urban areas where vertical farms are located are high, but transportation costs are much less than that for traditional open field agriculture. Because vertical farming is so new, standards for comparison are still being developed and there is not yet enough data to determine its sustainability. (https://www.linkedin.com/pulse/how-sustainable-vertical-farming-columbia-students-try-gordon-smith)

[bookmark: _Toc468113083]Connections to Chemistry Concepts (for correlation to course curriculum)

1. [bookmark: _Toc212568429]Energy transfer—There are several examples of energy transfer in this article. Traditional grow lamps convert heat energy to light energy, while LEDs convert electrical energy to light energy. The process of photosynthesis converts light energy to chemical energy.
2. Solutions—Because hydroponics and aeroponics use nutrient solutions, students have an opportunity to explore percent solutions by mass.
3. Electromagnetic spectrum—The article provides students with information about the role of the various colors of light within the electromagnetic spectrum in processes that regulate plant growth.
4. Semiconductor—LEDs used for grow lights are examples of semiconductors.
5. Light emitting diode—Students will understand that light emitting diodes can produce monochromatic light with minimal heat production.
6. Sustainability—Sustainable chemistry and food sustainability are related in that both conserve natural resources that are used to meet human needs.

[bookmark: _Toc468113084]Possible Student Misconceptions (to aid teacher in addressing misconceptions)

1. “Vertical farming can supply most of our food needs.” Vertical farming has a limited range of crop species (e.g., lettuce and leafy vegetables). It is impractical to grow tall plants in vertical farms and the cost is too high for bulk crops.
2. “Vertical farming is less dependent on fossil fuels than open field farming because the produce doesn’t have to be shipped long distances.” While this statement is partially true, it doesn’t tell the whole story. If fossil fuels will be used to provide lighting, heating, and power to the vertical farms, the net effect may be negative.

[bookmark: _Toc468113085]Anticipating Student Questions (answers to questions students might ask in class)

1. “The article states that, with aeroponics, nutrient solutions are sprayed on the plant roots and the process uses 70% less water than hydroponics. What happens to the excess spray?” Nutrients not absorbed by the roots are returned to a reservoir and recycled.
2. “I know that LED lights are more expensive than regular (incandescent or fluorescent) light bulbs—I tried to buy one in the store—yet they’re supposed to be cheaper. So, now I’m confused. Are LEDs more or less economical than other light sources?” LEDs have a higher initial (purchase) cost, but require no upkeep. Fluorescent and HID lights require ballasts which may need to be replaced during the life of the bulb. Also, the lifetime of an LED is 4 times that of typical HID lamps, 7 times that of fluorescent lamps, and 100 times that of incandescent bulbs.

[bookmark: _Toc468113086]Activities

Labs and Demos

1. Demonstration to investigate how ultraviolet light from a black lamp causes various objects to glow: This demonstration will show students that phosphors found in common materials can convert ultraviolet light into visible light just as the phosphors in a fluorescent lamp can convert UV light into visible light. Materials that can be used for the demonstration include: tonic water with quinine, petroleum jelly, ink from yellow highlighter pen, newer $20, $50, or $100 bills. Informal procedures for observing fluorescence, ideas for further explorations, and explanations are outlined in the three links: (http://www.scientificamerican.com/article/shining-science-explore-glow-in-the-dark-water/,
http://www.sciencekids.co.nz/experiments/glowingwater.html, and
http://www.webexhibits.org/causesofcolor/11F.html)
2. Demonstration investigating light emitting diodes: This activity requires liquid nitrogen. For safety reasons, this activity should be done as a demonstration instead of a lab. Students will relate the color and excitation voltage of LEDs to their composition and periodic trends of the elements. In addition, they will observe how electrical resistance of a metal changes with temperature and how electrical resistance of a semiconductor changes under illumination. A key objective of this experiment is to relate the solid-state structure to physical properties of these materials. Information about purchasing the LEDs can be found at the link cited in the reference. (http://chemconnections.org/nanotech/Light%20Emitting%20Diodes%20Activity.doc)
3. Laboratory activity—Spectral analysis of common light sources: Students will use SpectraSnapp, a free app for the iPhone developed by the American Physical Society, which turns the phone into a hand held spectroscope to analyze common sources of light. The app provides directions for building a spectroscope from black construction paper and a diffraction grating and includes a spectral library. Students will use different light sources, such as fluorescent lights, street lamps, sunlight, incandescent light, etc., to collect data and compare their spectra to the spectral library. This activity relates to the Electron Energy and Light inquiry lesson and helps students better understand emission spectra. Search SpectraSnapp in the app store and download to your iPhone. Directions for building the spectroscope, and using the app can be found in this YouTube video: https://www.youtube.com/watch?v=FJ1xOWl5Axk.

Simulations

1. Exploring plants, photosynthesis and light: The Molecular Workbench’s simulation, “Harvesting Light” allows students to explore, through a series of activities, how molecules in plant cells capture light energy from the sun, compare absorption and reflection of light in plant pigments, identify molecules that absorb light, explore a light harvesting system, and design an artificial photosynthetic system: Open http://mw.concord.org/modeler/, scroll down to “Selected Curriculum Modules” and click on “Harvest Light” to download the simulation.

Media

1. Video clip to explain vertical farming: “Cities of the Future May Eat Plants Grown in the Air” (4:34) was filmed in one of several vertical farms located in Newark, NJ and can be shown in class to introduce vertical farming. The video describes how plants are grown in a vertical farm and compares this farming method to open field agriculture. (https://www.youtube.com/watch?v=EXwMM5ra_mU)
2. Animated tutorial that describes the light and dark phases of photosynthesis: Students can review the process of photosynthesis and observe, step by step, the chemical changes that take place in both the light and dark phases of photosynthesis. Students control the time needed to study the chemical reactions of photosynthesis. (http://www.johnkyrk.com/photosynthesis.html)
3. Video to explain photosynthesis: “Photosynthesis—Converting Light Energy to Chemical Energy” (7:26) can be used as a homework assignment for students to review photosynthesis. This YouTube video uses animations to explain the role of sunlight in photosynthesis, the chemical reactions that take place during the light reaction and the Calvin cycle, and the electron transport system. Students who have taken biology will be familiar with the chemistry of photosynthesis and the electron transport system. (https://www.youtube.com/watch?v=iLDbW_XvxHQ)
4. Video clip that explains how a light emitting diode works: from Teaching Innovation Projects (9:10) ”The LED—How LEDs work?” defines and describes the p-n junction, the relationship between valence bands, conduction bands, and band gaps, and explains how LEDs can be made to give off different colors of light. (https://www.youtube.com/watch?annotation_id=annotation_1237083617&feature=iv&src_vid=JBtEckh3L9Q&v=4y7p9R2No-4)

Lessons and Lesson Plans

1. A lesson plan using the 5E instructional model for modeling photosynthesis: Students will model the molecules used in the process of photosynthesis. They will describe how light is absorbed and what happens to this light energy. They will then develop an analogy between photosynthesis and some process from everyday life. Procedures and lab questions are provided. (http://www.cfep.uci.edu/cspi/docs/lessons_secondary/Modeling%20Photosynthesis.pdf)
2. Electron energy and light—a POGIL activity: In this inquiry based activity, students will work in groups of three or four to explore models of white light, emission spectra of hydrogen and boron, and the Bohr model of the atom to develop the concept of electron energy transitions and apply this concept. (https://pogil.org/uploads/media_items/electron-energy-and-light-student.original.pdf)

Projects and Extension Activities

1. Experiments in hydroponics: This activity can be done as an in-class project or a homework assignment and allows students to demonstrate the principles of hydroponic growing. There is an opportunity for students to experiment with different water-nutrient concentrations, different water-nutrient mixes, pots of varying depths, different types of plants, and different sizes of perlite. The students’ data can include pictures of the plants at regular intervals and the height of the plants at three day intervals after germination. (http://www.schundler.com/hydroexp.htm)
2. Experiment with factors that affect the rate of photosynthesis: While this is an experiment that would normally be done in a biology class, this is an activity that reinforces good experimental design. Students will use critical thinking to design an experiment and analyze the collected data. They will also need to determine if the variable they choose to study is indeed testable. Students will learn that the rate of photosynthesis is influenced by such environmental factors as temperature, the amount of CO2 available, the amount of water available, the pH of the water and the amount and wavelength(s) of light available. (http://serc.carleton.edu/sp/mnstep/activities/26481.html)

[bookmark: _Toc468113087]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 directly under the ChemMattersonline 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).
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years are available free online at the same Web site, above. Click on the “Issues” tab just below the logo, “ChemMattersonline”.
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Available Now!

[bookmark: _Toc212568434]
Graham, T. Light Emitting Diodes—Tune into the Blues. ChemMatters, 2001, 19 (2), pp 4–5. This article contains information on the chemistry and electronics of LEDs.

	Pickett, M. Dirt? Who needs it? How Hydroponics is Poised to Change the World. ChemMatters, 2015, 33 (1), pp 14–15. This article contains information about hydroponic agriculture as a possible alternative to growing plants in soil.

[bookmark: _Toc468113088]Web Sites for Additional Information (Web-based information sources)

Open-field agriculture

	For some historical information on open-filed farming, go to http://historylink101.com/lessons/farm-city/middle-ages.htm.

Vertical farming

This article from food columnist Tamar Haspel, “Will Indoor, Vertical Farming Help Us Feed the Planet—Or Hurt It? Comes from the food section of the June 17, 2016 edition of The Washington Post. It discusses in detail the benefits of vertical farming (not so much about the “hurt us” part). In the end, its utility as a food source in the future seems to come down to the cost of electricity in the future. (https://www.washingtonpost.com/lifestyle/food/will-indoor-vertical-farming-help-us-feed-the-planet--or-hurt-it/2016/06/16/f1faaa98-3332-11e6-8ff7-7b6c1998b7a0_story.html)

The article “How Vertical Farming is Revolutionizing the Way We Grow Food”, from Gizmodo’s 9/14/2015 issue, provides a thorough discussion of the topic. It includes several nice photo examples of present-day industrial vertical farming. (http://io9.gizmodo.com/how-vertical-farming-is-revolutionizing-the-way-we-grow-1730550597)

This short video clip (2:32) from AeroFarms, located in New Jersey, shows their industrial facility for vertical farming. (http://www.reuters.com/article/us-new-jersey-vertical-farming-idUSKCN0ZE24L)

This 5:29 video clip shows VertiCrop, an industrial vertical farm, growing lettuce and herbs on the rooftop of a parking garage in the city of Vancouver. (http://grow.verticrop.com/vertical-farming/)

Photosynthesis

	The Royal Society of Chemistry provides teacher background material on many topics. This one on photosynthesis is from the Biochemical Society and includes nice detail on the chemistry of photosynthesis, including condensation reactions and oxidation-reduction reactions. There are several PowerPoint slides that you can use with your students to help them understand the chemistry involved at each step. If you don’t have PowerPoint, you can download a free version of PowerPoint Viewer to open the slides. (http://www.rsc.org/Education/Teachers/Resources/cfb/Photosynthesis.htm)

LEDs

This article, “Plant Productivity in Response to LED Lighting”, describes the potential of LEDs as a light source for plants.
(http://hortsci.ashspublications.org/content/43/7/1951.full)

Sustainable food

	This site helps students understand the role food plays in the economy and in their health: http://www.chgeharvard.org/resources.

	Learn what effect your food choices have on the local economy. Visit http://www.buylocalfood.org/.

Hydroponics

	Could hydroponics solve agricultural challenges in deserts—and even on Mars? What are the innovations of some of the hydroponic visionaries? (http://www.truth-out.org/speakout/item/35885-solar-powered-hydroponics-could-be-the-future-of-agriculture)



[bookmark: _Toc468113089]How SUE Became a Rock Star
[bookmark: _Toc468113090]Background Information (teacher information)

Sue Hendrickson

	According to her autobiography Sue Hendrickson has chosen an adventurous life, one that paved her way to paleontology and the discovery of SUE. She spent her early years in a small town in Indiana, a shy independent child who read a great deal. A strong swimmer, she won many races but detesting competition, she quit the swim team. At age 16, Sue convinced her parents to allow her to live with her aunt and uncle in Florida. She was soon bored with school, dropped out, taught herself to dive and used her swimming ability to collect and sell tropical fish to aquariums and pet stores. Her travels took her hop scotching across the country to California to live on a boat, and then back to the Florida Keys as a lobster fisherman.

	Sue passed her GED in Seattle and enrolled in a marine biology program at the University of Washington. Soon she dropped this program, returned to Florida to help salvage a cargo freighter and became interested in exploring shipwrecks. On a trip to the Dominican Republic she began working with archeologists in amber mines. Here she found perfect butterflies embedded in the amber. These 23 million-year-old specimens that became one-half of the world’s total collection.

	Meanwhile, Sue taught herself paleoentomology and become an expert at identifying fossilized insects. While excavating Miocene baleen whales in Peru, she met Peter Larson and joined his team from the Black Hills Institute of Geological Research based in South Dakota. The team was digging for fossils on the property of a local South Dakota rancher, Maurice Williams. August 12, 1990 was a foggy morning and the 1975 Chevy Suburban carrying the Black Hills team had a flat tire. Impatient Sue couldn’t wait for a tire change. Instead she walked to the ranch and discovered SUE. She said, “Anybody who had any idea what a fossil versus rock (looked like) would have seen it.” The Black Hills Institute, a for-profit enterprise that finds, restores and sells fossils to scientists, is housed in a little museum on the ranch belonging to Larson’s parents. Larson said, “And finding Sue, the Tyrannosaurus rex – here’s the anchor for our museum.”(https://www.amazon.com/My-Life-Explorer-Hunt-Past/dp/0439271916)


	In 2000, Hendrickson—the high school dropout—received an honorary Ph.D. from the University of Illinois, Chicago. Additional excerpts from Sue’s autobiography are located on these sites: https://en.wikipedia.org/wiki/Sue_Hendrickson and http://www.sue-hendrickson.info/biography.asp?iframe=True. Information on Sue’s published autobiography is given in the “References (non-Web-based information sources)” section of this Teacher’s Guide and can be purchased from Amazon

“When the Feds seized a T. rex”

	In January 2014, CNN Films Lionsgate introduced a documentary, “Dinosaur 13” at the Sundance Film Festival in Park City, Utah. “Dinosaur 13” tells the story of Sue Hendrickson’s discovery and the aftermath tangles involving the legal custody of SUE. In early December 2014, CNN broadcast their documentary. The film received positive reviews, such as “engrossing”, “a story of scientific discovery and petty politics” and “both awe-inspiring and tragic”. (https://en.wikipedia.org/wiki/Dinosaur_13) And, on September 29, 2015, “Dinosaur 13” was awarded an Emmy for the News and Documentary category. (http://cnnpressroom.blogs.cnn.com/2015/09/29/cnn-films-and-dinosaur-13-win-news-documentary-emmy-award/)

	But after the film aired, the New York Times labeled it a “scientific soap opera” and a group of professional academic paleontologists, The Society of Vertebrate Paleontology, issued a statement that in part said:

The film Dinosaur 13 erroneously implies that the regulations impede paleontological science by placing onerous and confusing restrictions on field collecting. Not so. Federal law embodies the same principles and ethics adopted by professional paleontologists themselves. These same principles are part of the Society’s Bylaws (Article 12, Code of Ethics). The Federal permitting process helps ensure that field collecting is well planned and professionally conducted, that the scientific context of fossils is documented, and that the fossils are placed in established research repositories with a demonstrated commitment to preserving them in perpetuity for scientific research and public enjoyment.

(http://vertpaleo.org/the-Society/Governance-Documents/On-Dinosaur-13.aspx)

	Upon discovery of SUE, the Black Hills Institute team paid the delighted land-owner Williams $5,000 and began the arduous task of recovering more than 80% of SUE. On May 12, 2002, almost two years later, the team had finally brought all the bones to their “museum” for cleaning and preserving. As they finished the delicate reclamation process by successfully separating the T. rex pelvis from its skull, FBI agents and the National Guard arrived at their door, seized SUE and many documents from the Black Hills’ office. They claimed that SUE was stolen from Federal land. To further complicate matters, before rancher Williams died in 2011, his wife said that he claimed ownership of the fossil. She said that Peter paid her husband $5,000 to disturb his land not as payment for SUE. In addition, Williams didn’t tell Larson that he was a member of the Cheyenne Tribe and his “private ranch” was on Indian Trust land, further complicating the ownership of SUE. A nasty civil dispute ensued between the Black Hills business, Williams’ wife and the Cheyenne River Sioux Tribe of South Dakota.

	SUE went on Sotheby’s auction block and was sold to the Field Museum of Natural History in Chicago for an unheard of $8.3 million. Another bidder, The Smithsonian, ended up accepting a 50 year loan of a smaller T. Rex from the Montana Army Corps of Engineers for their new Hall of Fossils slated to open in 2019.



“SUE,” a 41-foot-long Tyrannosaurus rex, is on permanent display at the Field Museum in Chicago

 (Sue Ogrocki/Reuters)

(https://www.washingtonpost.com/news/post-nation/wp/2014/12/08/dinosaur-13-broadcast-on-cnn-unearths-old-drama-over-a-t-rex-named-sue/?utm_term=.12b5f954eb79)

	As a paleontologist for the National Park Service, Vincent Santucci had been investigating fossil thefts from public land for 10 years. Black Hills, a for-profit business specializing in the excavation and preparation of fossils for sale to research paleontologists and museums, was on his watch list. Thus, the seizure of files went well beyond the problems of SUE ownership. Ultimately Larson and Black Hills were accused of international fossil theft and sale, plus related offenses. He and other employees were convicted. Larson served an 18-month prison sentence for “fossil theft, money laundering and false statements to government agencies”. Sue Hendrickson was given immunity because she was a Black Hills volunteer and the legality of SUE ownership was not involved in these accusations. Williams’ estate received $7.6 million. Sue Hendrickson was present at the 2000 unveiling of SUE at the Field Museum in Chicago. (https://www.washingtonpost.com/news/post-nation/wp/2014/12/08/dinosaur-13-broadcast-on-cnn-unearths-old-drama-over-a-t-rex-named-sue/?utm_term=.849829ab6148)

Physical characteristics of T. rex

	As the name implies, Tyrannosaurus rex means “king of the tyrant lizards”. T. rex is the largest member of the tyrannosauroidea family of huge carnivorous dinosaurs that lived during the last part of the Cretaceous Period, 85 to 65 million years ago. SUE was estimated to be approximately 28 years old at the time of death. As reported in the Emilsson/Tinnesand SUE article, Sue (Hendrickson) discovered a huge specimen, 40.5 feet long and 13 feet tall at the hips (T-rex did not stand erect). Scientists estimate that SUE may have weighed from 9.3 to 10.4 tons. The tyrannosauri are characterized by three-foot-long arms with two-fingered hands. Scientists doubt that they could feed themselves with these tiny limbs. Speculation remains regarding their usefulness. Strong thighs and tails, plus six-inch serrated teeth made them powerful predators. (http://www.livescience.com/23868-tyrannosaurus-rex-facts.html) (https://en.wikipedia.org/wiki/Sue_(dinosaur)) (http://www.ucmp.berkeley.edu/diapsids/saurischia/tyrannosauridae.html)Sue Hendrickson at the unveiling of T. Rex “SUE”

(http://www.cnn.com/2014/12/11/us/dinosaur-fossil-tyrannosaurus-rex-sue/)


	Researchers now challenge the assumption that the three-foot-long arms of T. rex were useless. A 1990 study by Matthew Smith of the Museum of the Rockies at the University of Montana, Bozeman, suggests that evidence shows that the arms of T. rex were short but very powerful. The thickness and size of T. rex bicep muscle was estimated from the large patterns left by attached muscle in the arm bones. These impressions suggest that the dinosaur had the ability to lift 400 pounds. In comparison, CAT scans of human athletes show that the bicep can hold only 19 pounds. Further, the dinosaur’s hands had two opposing claws (a digit and a finger) that could act like meat hooks to grasp and trap struggling prey.
(http://www.nytimes.com/1990/07/02/us/researchers-challenge-ideas-on-dinosaur-arms.html)

	Approximately 30 T. rex fossils have been found in Montana, Texas, Utah and Wyoming, as well as in Canada and Mongolia. In July 1998 while excavating around a T. rex discovery in Saskatchewan, Canada, an enormous piece of fossilized dung was found. Its size suggests that it was much too large to have come from a smaller dinosaur. In addition, the specimen contained fossilized bones from a plant-eating dinosaur. To paleontologists, this suggests the last meal of a carnivorous T. rex. (http://www.enchantedlearning.com/subjects/dinosaurs/news/Trexdung.shtml)

	Until recently, the debate remained as to whether T. rex was a predator or scavenger. “Physical evidence of predatory behavior in Tyrannosaurus rex” was published in the Proceedings of the National Academy of Sciences (PNAS) on May 21, 2013. The authors note that many fossils contain puncture wounds and teeth drag marks but it is difficult to predict the type of predator that inflicted this damage. In a fossil from the Hell Creek Formation of South Dakota, a T. rex tooth crown was found embedded in the tail of a giant duck-billed dinosaur, a plant-eating hadrosaurid. The tooth was surrounded by vertebrae bone growth, suggesting that the duck survived the T. rex assault. This strengthened evidence of the predatory nature of Tyrannosaurus rex. The confrontation occurred between two living animals. “Moreover, the position of the injury—the tail—suggests that T. rex could possibly have engaged in pursuit predation.” The full text of their work is available at http://www.pnas.org/content/110/31/12560.full.

	Below is a classification scheme for T. rex. Students may have studied this in their biology classes.

	CLASSIFICATION:
	· Kingdom Animalia (animals)
· Phylum Chordata (having a hollow nerve chord ending in a brain)
· Class Archosauria (diapsids with socket-set teeth, etc.)
· Order Saurischia - lizard-hipped dinosaurs
· Suborder Theropoda - bipedal carnivores
· Tetanura - advanced theropods
· Infraorder Coelurosauria - lightly-built fast-running predators with hollow bones and large brains
· Superfamily Maniraptoriformes - advanced coelurosaurs with a fused wrist bone
· Family Tyrannosauroidea - huge predators with small arms and two-fingered hands (the third finger was very tiny). Tyrannosaurids include T. rex, Albertosaurus, Alectrosaurus, Alioramus, Chingkankousaurus, Daspletosaurus, Eotyrannus, Gorgosaurus, Nanotyrannus, Prodeinodon, Tarbosaurus, etc.
· Genus Tyrannosaurus
· Species T. rex (type species named by Osborn, 1905)



(http://www.enchantedlearning.com/subjects/dinosaurs/facts/Trex/print.shtml)

T. rex becoming a giant fossil—burial

	How did SUE develop into the Field Museum’s “centerpiece”? The chance of becoming a fossil is very slim; some say one million to one! Fossil formation is a long, slow environmentally determined process. The conditions of death and the environment where it occurred are essential for preservation. A good T. rex specimen must die with healthy, intact bones at a location where it is gently buried by sediments, such as mud in North America, or sand in Mongolian deserts. Death and covering must occur quickly, before the bones decompose or are picked apart, scattered and eaten by other animals. Surrounded by soft sediment, the carcass is protected from scavengers, but decomposers are free to work on all except the hard bones. (http://www.scientificamerican.com/article/what-are-the-odds-of-a-de/)

	Climate and soil conditions have to be correct: Fossil formation did not occur when the dinosaur died in a jungle, where extremely moist, acidic soil would exacerbate quick decomposition of bones as well as soft tissue. In addition, raging rivers and strong winds break bones before they can be gently covered for slow decomposition.

More on T. rex becoming a giant fossil—decomposition

	Initially, gentle decomposition is primarily the work of fungi and bacteria. Later, beetles, flies, maggots, worms and their larvae feed on the soft tissue. Digestive enzymes released at death expedite breakdown of materials and digest dead cells.
(https://www.reference.com/science/petrified-fossils-form-2ef7f679ac18d768)

	When animal death occurs, organic material decomposes, but inorganic substances such as bone remain. As stated in the Emilsson/Tinnesand SUE article, within hours of death, iron, calcium and digestive enzymes are released. Since the “life” of bone depends upon oxygenated blood, when it stops flowing:
· iron rich hemoglobin is leaked from collapsing red blood cells.
· muscle contraction sends impulses down the spinal cord reaching the neuromuscular junction and acetylcholine is released.
· acetycholine causes membrane channels to open, allowing sodium ions to be released and calcium ions to enter pores in the bone.
· digestive enzymes are released to catalyze these processes. (http://serendip.brynmawr.edu/biology/b103/f02/web2/wcarroll.html and
http://science.howstuffworks.com/environmental/earth/geology/fossil3.htm)

	Within hours after an animal’s death, putrid gases cadaverine and putrescine, along with compounds related to hydrogen sulfide, are released from the body. Insects and other scavengers attracted by their odor rush in to aid the decomposition process. First identified in 1885 by the German chemist Ludwig Brieger, these compounds have similar structures. Both are diamines, which means that they contain two amino groups (–NH2). The chemical name for putrescine is tetramethylenediamine; the IUPAC name is butane-1,4-diamine; the molecular formula is: NH2(CH2)4NH2. The chemical name for cadaverine is pentamethylenediamine; the IUPAC name is pentane-1,5-diamine; the molecular formula is: NH2(CH2)5NH2.

	The structural and ball-and-stick formulas below show the four methyl groups bracketed by two amino groups for putrescine and the similar amino brackets for the five methyl groups on the cadaverine structure.
Cadaverine

(https://en.wikipedia.org/wiki/Cadaverine)
Putrescine

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


	These unpleasant-smelling compounds are products of the breakdown of fatty acids present in the tissue of dead animals. During this process, putrescine is synthesized from the amino acid arginine and cadaverine, from lysine. Both arginine and lysine are alpha-amino acids used by the body in the synthesis of proteins.


(https://cienciaetecnologias.com/en/quimica-dos-fedores-mal-cheiro-quimica/)

	Note: The illustration above is from a Spanish publication. “Lisina” is lysine in English and “ornitina” is the amino acid ornithine in English. As shown in these reactions, cadaverine can be produced through the process of decarboxylation, removal of the carboxyl group 
(–COOH) from the amino acid lysine; in a similar process putrescine is a decarboxylation product of arginine or ornithine. (http://jb.asm.org/contehttp://science.howstuffworks.com/environmental/earth/geology/fossil3.htmnt/163/3/933.short)

	Cadaverine and putrescine are not only signs of death, they are also produced in living bodies, where their odor may be detected in urine, halitosis, sweat, rancid butter and strong cheese such as blue or feta. The production of putrescine involves two different pathways; both begin with arginine as described and illustrated below: 	

· In one pathway, arginine is converted into agmatine, with a reaction catalyzed by the enzyme arginine decarboxylase (ADC); then agmatine is transformed into 
N-carbamoylputrescine by agmatine imino hydroxylase (AIH). Finally, 
N-carbamoylputrescine is converted into putrescine.
· In the second pathway, arginine is converted into ornithine and then ornithine is converted into putrescine by ornithine decarboxylase (ODC).

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

[image: https://upload.wikimedia.org/wikipedia/commons/thumb/b/bf/Wikipedia-Agmatine_Metabolic_Pathways.jpg/800px-Wikipedia-Agmatine_Metabolic_Pathways.jpg]

The production of putrescine

By Gmgilad - Own work, CC BY-SA 3.0, (https://commons.wikimedia.org/w/index.php?curid=33087914)

	Cadaverine is produced by the decarboxylation and the release of CO2 from the amino acid lysine. Lysine decarboxylase (LDC) is the catalyst for the reaction below:

[image: Cadaverine synthesis.svg]

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

Cadaver Dogs
	
	A dog’s sense of smell is estimated to be one thousand to ten thousand times greater than humans, making their work in major disasters and crime solving extremely valuable. Cadaver dogs are trained to pick up the scent of decomposing human tissue, blood and bone, and to ignore scents emitted by bodies of other decaying animals, as well as the odors of other chemicals. Labrador retrievers and German shepherds are usually trained as cadaver dogs, but handlers say that good hunt drive, strong nerves and confidence are more important than breed.

	As puppies, cadaver dogs are trained to ignore noise, including crashing, burning buildings and sirens, and to maneuver easily amidst debris and general chaos. A square of carpet contaminated from contact with a corpse within 3 hours of death can be used for scent detection training. These dogs hasten the process of finding bodies amongst the rubble following disasters such as tsunamis, earthquakes, forest fires and avalanches. They are also invaluable in crime detection, especially when the victim’s body is hidden.

	This cadaver dog is searching for human remains in homes burned by the June 2016 wildfire in Kern County, California. Two people died while trying to escape this fire.A cadaver dog searching for survivors

(Gina Ferazzi Los Angeles Times 6/27/16)
(http://www.latimes.com/topic/disasters-accidents/fires/wildfires/T03004001-topic.html)


	A well trained dog can detect as little as 15 mg of human remains and can pick up the scent as far as one kilometer from the body. Since molecules migrate through the environment, the dog may detect the scent at various places. By studying the pattern of spots identified by a dog, the point source (human body) can be located as the area of most concentration with other areas radiating from it.
(http://cen.acs.org/articles/94/i14/Scientists-search-deaths-aroma.html)

	Identification of the odor emitted by human decomposition is not a simple process. In addition to cadaverine and putrescine, close to 500 other chemicals are released during the various stages of microbial degradation. The mix of these chemicals depends upon the time following death, the rate of decomposition, and the physical environment surrounding the corpse. Some of these chemicals are identified in the table of “Odor Mortis” (smell of death) shown below:

[image: 09414-scitech1-tab1-700]

(http://cen.acs.org/articles/94/i14/Scientists-search-deaths-aroma.html)

	Although researchers continue their quest to identify and characterize these compounds in an effort to develop instruments to detect the odors of human remains, their efforts fall short of achieving the sensitivity and selectivity of cadaver dogs. Additionally, one of the primary limitations of this research is the inability to obtain samples of human decomposition and/or human tissues that can be legally decomposed for chemical study in the laboratory.

T. rex becoming a giant fossil—anatomy of bone

	As shown in the Emilsson/Tinnesand SUE article, the bones of vertebrates like SUE are surrounded by a compact outer layer. The “spongy” internal portion of the bone is porous and holds the arteries that transport nutrients while the animal is living.

	In the diagram below, (a) and its enlarged wedge (b), show bone with a dense, smooth textured outside that resists compression and an inside that provides the area and channels for nerve connections and blood flow. In (c), yellow bone marrow occupies the central cavity of the bone.

	Bone marrow is soft spongy tissue containing many blood vessels and capillaries. There are two types of bone marrow. The yellow produces fat, cartilage and new bone. Red bone marrow produces both red and white blood cells, as well as blood platelets. A low red-blood-cell count indicates anemia; low white blood cell count leads to infections and may suggest leukemia; and a low platelet count is related to excess bleeding. A bone marrow transplant can be performed to introduce healthy donor blood cells as replacements for cells that have been damaged. In infants red bone marrow is found in most bones in the body to satisfy the high need for red blood cells to carry oxygen to developing tissues. As people age, much of the red marrow is replaced by yellow. (http://www.conversantbio.com/blog/red-bone-marrow-vs.-yellow-bone-marrow-what-is-the-difference)

[image: Bone compact spongy]

Bone texture

(http://classes.midlandstech.edu/carterp/Courses/bio210/chap06/lecture1.html)

Bone texture

[image: Bone veins nerves]	Concentric tubes (lamellae) lie within the spongy portion of the bone. They form around a central “canal” to provide space and a passageway for veins and nerves, as seen in the illustration to the right. Collagen is fibrous protein material that provides bone strength and cushioning.

Microscopic anatomy of a bone

	About 20% of human bones are “spongy”. Like the name implies, microscopically they resemble a sponge, primarily solid material filled with tiny pores. These pores provide life to the bone. They are filled with blood vessels, nerves and marrow, the soft tissue birth place for stem cells.
Illustration of compact bone structure

(http://classes.midlandstech.edu/carterp/Courses/bio210/chap06/lecture1.html)

[image: spongy bone]






Microphotograph of sponge-like structure of bone

(https://askabiologist.asu.edu/bone-anatomy)




	The diagram of the bone’s interior, below, is designed to illustrate the structure of the spongy tissue of bone.
(a) The lamellae are layers of concentric tubes of bone that surround the central canal, to form a secure place where blood vessels and nerves thread through the bone.
(b) The organic part of the bone, the osteoid, is shown in the diagram below. Star shaped osteocytes are connected to each other by long cytoplasmic extensions that provide an avenue for exchange of nutrients and waste. As these organic structures become saturated with inorganic mineral material, they adhere to adjacent bones cells that gradually become new bone.
(c) This diagram shows a cross section of spongy tissue.

[image: Bone interior]

Interior structure of bone

(http://classes.midlandstech.edu/carterp/Courses/bio210/chap06/lecture1.html)

T. rex becoming a giant fossil—permineralization

	Permineralization is the term used to define the process of fossilization, wherein living tissues are replaced by minerals. First the living tissue is decomposed, leaving space within the bony structure. This provides a path for ions to migrate from damp ground, lakes and oceans. They seep in and fill the open areas. As water laden with dissolved minerals evaporates, ionic compounds with low solubility such as calcium carbonate and calcium phosphate are deposited. Thus formed, fossils retain the shape of the original bones but are denser, due to the ionic crystals occupying their pores. In addition, the process of permineralization hardens the buried bones, preventing breakage by compression from the weight of covering sediments.

	The University of California, Berkeley Museum of Paleontology distinguishes between three subgroups of permineralization based on the environment at the time of their permineralization:

· 
Silicification—The mineral silica precipitates on cells and cell structures as it moves through the animal’s internal structure. Silica comes from rocks and volcanoes, thus indicating the type of environment at the time of death. The silica anion combines with cations in the bone mineral to form a gel that dehydrates with time. Silicification results in much internal structure detail.Basic (ortho-)silicate oxoanion
(SiO44-) structure

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



· Pyritization—Pyrite is iron sulfide (FeS2). When organic matter decomposes, sulfides are released that readily combine with iron cations dissolved in water. Pyrite easily replaces carbonate compounds in the shells of sea animals. Pyritization usually indicates that the animal was buried in a marine environment or possibly buried in clay.

· Carbonate mineralizations—Calcium and magnesium carbonates form round balls in marine and acidic peat environments. Fine cellular detail is present in the fossil that remains within the ball.

(http://www.ucmp.berkeley.edu/paleo/fossilsarchive/permin.html)

	The chemical composition of living bone lends itself to permineralization. By mass, the living bone of an adult human is composed of approximately 25% water, 10% collagen (fibrous protein material) and 65% bone mineral along with small amounts of inorganic salts. This bone mineral contains 99% of the calcium and 85% of the phosphorous found in the body. The chemical formula for hydroxyapatite in the Emilsson/Tinnesand SUE article shows a Ca:P mole ratio of 5:3 (1.67); the actual ratio in adult bone mineral ranges from 1.37–1.87. The University of Cambridge reports that these ratios differ because actual bone mineral is more complex than hydroxyapatite. The structure of bone mineral contains additional ions including silicon, carbonate, bicarbonate, magnesium and zinc. (http://www.doitpoms.ac.uk/tlplib/bones/structure.php and https://depts.washington.edu/bonebio/ASBMRed/structure.html)

	Hydroxyapatite is formed geologically under high temperatures and pressures. Laboratory procedures have been designed to produce synthetic hydroxyapatite using high temperature and pressure to mimic the natural process. Since hydroxyapaptite can be dissolved and absorbed in the body, it makes it a good choice for bone and teeth repair. A synthetic paste of a hydroxyapatite composite can be used to fill tooth cavities. Unlike the traditional dental method that requires removal of natural, healthy tooth enamel to prepare the area for insertion and adhesion of metal or resin, the hydoxyapaptite composite can be directly inserted into the (cleaned) cavity without the loss of healthy enamel. (http://www.sciencedirect.com/science/article/pii/0142961291901303)

	Chemical and Engineering News publishes “Periodic Graphics” in some issues. This page shows the substitution of fluoride ions in some toothpastes and water systems for hydroxide ions. The resulting fluorapatite’s resistance to acids helps prevent tooth decay.

[image: 09424-scitech2-periodiccxd-700]
[image: 09424-scitech2-periodiccxd-700]
Created by Andy Brunning for Chemical and Engineering News

(http://cen.acs.org/articles/94/i24/Periodic-Graphics-chemistry-dentistry.html)

	To repair damaged bone, engineers must use biocompatible materials that support new bone formation. Success has been achieved in filling a two- by three-centimeter hole in the tibia of a rabbit. When hydroxyapatite-tricalcium phosphate was inserted with osteoblast (bone forming) cells, new bone formed. (http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3614259/)

	Note the amount of open space available and the large surface area shown in the three-dimensional structure of a hydroxyapatite crystal below. This structure is ideally suited for permineralization by cation exchange.



Crystalline structure of hydroxyapatite

http://www.chemtube3d.com/solidstate/SShydroxyapatite.htm

	During fossilization the bone mineral crystal undergoes continual exchange of ions with its environment. This alteration or replacement of ions in the hard parts of the original bone, by minerals such as calcite, silica, pyrite and hematite, occurs slowly. Note that pyrite and hematite both contain iron, but hematite is the more stable mineral. In a pyrite crystal, sulfur has a -1 charge so the iron is Fe2+, while in hematite the ion is Fe3+ creating a more stable situation.

Minerals involved in fossilization
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Calcite—calcium carbonate (CaCO3)

(http://www.dakotamatrix.com/mineralpedia?page=2&name=C)

[image: Quartz]

Silica—silicon dioxide (SiO2)

(http://geomaps.wr.usgs.gov/parks/rxmin/mineral.html)


Pyrite—iron(II) oxide (FeS2)

(https://www.amazon.com/s/ref=nb_sb_ss_i_5_6?url=search-alias%3Daps&field-keywords=pyrite+crystal&sprefix=pyrite%2Caps%2C272&rh=i%3Aaps%2Ck%3Apyrite+crystal)



Hematite—iron(III) oxide (Fe2O3)

(http://www.trinityminerals.com/elba/hemspc.shtml)


T. rex becoming a giant fossil—surface exposure

	While permineralization is occurring, the fossilizing material is being continuously covered and compacted by additional layers of sediment. After millions of years, the fossil is completely formed. Meanwhile the earth’s continental plates are moving and crashing into one another. These collisions push the layers of sediment up as mountains are formed and former sea floors are lifted, exposing lower layers of sediment with their fossilized dinosaurs. Finally, erosion from wind and rain exposes the fossil.

	The University of Chicago fossil education program uses a diagram to model the surfacing of a T. rex fossil. They explain the three steps involved in constructing this model, corresponding to those shown in the diagram below:

[Step One:] Imagine that the layers of sediment covering our fossil are sheets of paper that keep stacking up. Now imagine your stack of paper gets rammed by another stack of paper. The layers are going to buckle and the first sheets of paper you laid down, were hidden from view, will be pushed up and visible at the surface now.

[Step Two:] The same thing happens when continents collide. All those layers of sediment get bent out of shape as the continents shift around and bump into each other. Older layers of sediment that were previously buried deep in the earth get pushed to the surface.

[Step Three:] Then over the course of millions of years, water wears away at the rock, and if we’re lucky enough for those layers to contain fossils, then it’s only a matter of going out and finding them!

(http://tiktaalik.uchicago.edu/fossils101.html)

[image: mountain building]
(http://tiktaalik.uchicago.edu/fossils101.html)

Dinosaur extinction

	Dinosaurs, as well as all land animals weighing over approximately 55 pounds, became extinct during at the boundary between the Cretaceous and Tertiary geologic time Periods. This is called the K/T mass extinction. K stands for kreide (the German word for chalk), describing the layer of chalky sediment at the end of the Cretaceous Period, and T is for the Tertiary Period.

[image: map of United States in the late Cretaceous Time Period. North America was split into two island continents by the Western Interior Seaway]	At right is a map of North America during the late Cretaceous era. Note that the large Western Interior Seaway split the continent. T. rex fossils are found in Laramidia, the western section, from Alaska to Mexico. Fossil evidence shows that T. rex shared this region with other dinosaurs.
Image by the U.S. Geological Survey

(http://www.fossilguy.com/gallery/vert/dinosaur/tyrannosaurus/tyrannosaurus.htm)

	Numerous theories persist to explain the death of so many animals. Some are silly, such as “mammals ate all the dinosaur eggs” or “dinosaurs ate poisoned weeds and killed each other”; others are backed by at least some scientific evidence. Scientific theories have been categorized as “intrinsic” or “extrinsic”. Intrinsic models are those that involve dramatic earth changes such as volcanoes or earthquakes. Extrinsic refers the bombardment of earth by huge objects from outer space. All scientists seem to agree that, whether the cause was intrinsic or extrinsic, climate change severe enough to eliminate food sources was probably involved. (http://www.ucmp.berkeley.edu/diapsids/extinctheory.html)

	Kunio Kaiho, a paleontologist at Tohoku University, Japan, and his team studied the site where the enormous Chicxulub asteroid hit the coast of the Yucatan Peninsula about 66 million years ago. Chicxulub, estimated to be 10 km wide, created a gigantic crater with a diameter of 180 km and a depth of 12 km. Kaiho’s team collected and analyzed samples of the sediment layer representing the K/T boundary from Haiti (near the chicxulub impact) and from Spain. They found a layer corresponding to this Period that is primarily composed of organic molecules burned when the asteroid hit. The assumption is that this material was emitted during the impact of the asteroid with a huge oil field in the Yucatan. In data released in July 2016, they calculated that the massive amount of soot arising from the burning of this material would block 85% of the sun from the Earth. Without the sun’s energy, photosynthesis in the ocean would cease for two years; rain would be blocked causing severe drought; and global cooling would occur. The team hypothesized that this drastic change in climate was a major cause of dinosaur extinction. Further extinction of animals weighing 55 pounds or more eventually led to macroevolution and the emergence of the human species. (http://www.tohoku.ac.jp/en/press/soot_may_have_killed_dinosaurs.html)

	Below is a model developed by Japan’s Meteorological Research Institute to represent the climate change resulting from massive amounts of soot blocking the sun at the end of the Cretaceous Period (the K/T boundary).


Global climate change caused by soot aerosol at the K-Pg boundary

Journal: Scientific Reports DOI: 10.1038/srep28427

(http://www.tohoku.ac.jp/en/press/soot_may_have_killed_dinosaurs.html)

Fossil dating

	While living, organisms constantly consume radioactive carbon-14 (C-14), because during photosynthesis, plants use C-14 from atmospheric carbon dioxide to produce glucose. As the animals consume plants, the C-14 undergoes natural radioactive beta decay to nitrogen-14 (N-14). But the living animals continue to replace C-14 by eating more plants and/or animals. This maintains a constant ratio between C-14 and nonradioactive C-12. At death, bodies no longer take up C-14. While the amount of C-12 stays the same, C-14 continues to decay, decreasing the 14C/12C ratio. This relationship can be used to estimate the age of once living organic material and can date carbon-containing material up to 45,000 to 55,000 years old. Now, with modern mass spectroscopy, the limit is extended to 100,000 years. Since the half-life of C-14 is 5,730 years, theoretically no C-14 would remain in the bones of a dinosaur that lived 65 million years ago. Thus the age of dinosaurs could not be estimated using C-14 dating.
(http://hyperphysics.phy-astr.gsu.edu/hbase/nuclear/cardat.html)

	Instead, the radioactive decay of uranium to lead (U–Pb) is used to date rocks. The diagrams below show that radioactive U-238 decays to stable Pb-206 and U-235, to Pb-207. 
U-238 has a half-life of 4.47 billion years; the half-life of U-235 is 704 million years. Uranium undergoes radioactive decay until only lead remains. Since the two uranium isotopes decay at different rates, they act like a cross-check to validate the estimation of the age of rocks. U–Pb dating can be used to determine the age of the sediment and rocks surrounding fossil bones. The assumption is made that the sediment indicates the age of the fossil within its midst. (http://study.com/academy/lesson/radioactive-dating-methods-uses-and-limits-of-radioactive-decay-as-a-dating-tool.html and
https://en.wikipedia.org/wiki/Decay_chain)



U-238 Decay Chain

By User: Tosaka - File:Decay chain (4n+2, Uranium series).PNG, CC BY 3.0,

(https://commons.wikimedia.org/w/index.php?curid=33293646)




U-238 Decay Chain

Diagram above

UU-238 Decay Chain

Diagram above by Edgar Bonet - Own work, CC BY-SA 3.0,

(https://commons.wikimedia.org/w/index.php?curid=30259749)

	During the years between T. rex’s death and current U–Pb dating analysis of surrounding sediments, geological forces such as collisions between plates and uplifts by volcanoes may have caused fossils to move away from the original material that buried them. This may invalidate the use of data from U–Pb radiometric dating on sediments as a tool to estimate the age of a fossil. To avoid this problem, scientists have employed U–Pb ratio techniques on minute particles of dinosaur bone removed by laser. Little uranium is present in living material so this can be used as a baseline. When permineralization begins following death, uranium from rocks and soil is incorporated into the bone mineral along with other ions. Thus, the radioactive decay of uranium to lead can be assumed to begin at death.

	New data from bone analyses has created major disagreements among paleontologists. In a February 16, 2011 paper published in Geology, researchers from the Universities of Notre Dame and Alberta described their use of U–Pb to analyze the femur bone of a giant hadrosaur found in New Mexico. The bone age was estimated at 64.8 million years. Current theory suggests that dinosaurs became extinct (due to the impact of the asteroid) 65.5 million years ago. Did this hadrosaur die 700,000 years after Chicxulub? Is a new extinction theory needed to explain this discrepancy?
(http://phys.org/news/2011-02-dinosaur-dating-technique-paper.html)

Dinosaur protein

	Almost 20 years ago when Mary Schweitzer was working in her North Carolina State University paleontology lab, she thought that she saw red blood cells in a fossil! Using a microscope to study a piece of T. rex leg bone, she had found evidence of soft tissue within the bone. Her discovery was questioned and initially attributed to contamination because it was considered impossible that organic material could survive the many years of fossilization.

	This bone was buried 20 meters deep, so contamination was unlikely. Schweitzer worked with John Asara from Harvard Medical School to sequence seven pieces of the soft tissue. This tissue was found to be collagen, protein connective tissue. The amino acid sequence matched that of chickens and reacted to chicken collagen antibody. This fit because birds are close relatives of T. rex. Asara concluded that T. rex’s bones contained protein that survived fossilization. Jack Horner, Montana State University, who also worked on the analysis said, “If we can get as deep as possible into sediment where there has been little contamination, I think we’ll find many specimens like this.” In 2007, he suggested that paleontologists must “dig deeper” to locate fossils that are better preserved. (https://www.newscientist.com/article/dn11591-tyrannosaurus-rex-fossil-gives-up-precious-protein/)

	In 2015, Sergio Bertazzo and colleagues at the Natural History Museum in London found soft tissue in fossils that had been in storage for over 100 years. The picture below from a color scanning electron microscope shows the long collagen fibers that have been mineralized.Scanning microscope photo of mineralized collagen fibers

(http://www.dailymail.co.uk/sciencetech/article-3117137/Blood-skin-cells-75-million-year-old-dinosaur-bones-Tissue-extracted-fossils-left-storage-century.html)


	Dr. Bertazzo used ion beams for internal observation of fossil structures. He found material that resembled red blood cells. Some speculate that since these fossils have yielded amino acid sequences, perhaps T. rex could be cloned. Paleontologists note that red blood cells do not contain DNA and the pieces of collagen found are far too small to construct the complete genome required for cloning.

	This article from the U.K. Daily Mail, contains additional color scanning microscope images. Click on the large arrow in the supplementary video (second-to-last image) to see a 3D reconstruction of red blood cells found in the fossilized bone. (http://www.dailymail.co.uk/sciencetech/article-3117137/Blood-skin-cells-75-million-year-old-dinosaur-bones-Tissue-extracted-fossils-left-storage-century.html)

[bookmark: _Toc468113091]Connections to Chemistry Concepts (for correlation to course curriculum)

1. Ionic structure—Figure 1 in the Emilsson/Tinnesand SUE article shows a single unit of an ionic mineral crystal and provides possible changes in the unit formula due to ion migration.
2. Balancing the ionic charge in compounds—When working on balancing ionic charges in a formula, ask students to make the possible replacements given in Figure 1 in the Emilsson/Tinnesand SUE article noting that the replaced ionic charge may differ from the charge of the ion in hydroxyapaptite. Students will have to balance the charges.
3. Ion replacement—As shown in Figure 1 of the Emilsson/Tinnesand SUE article, ions in the original hydoxyapaptite unit crystal can often be replaced by others with stronger affinity located in moist ground or bodies of water.
4. Catalysis—Digestive enzymes are organic catalysts that speed the decomposition of living material. This leads to the breakdown of blood and tissues.
5. Periodicity—Figure 1 in the Emilsson/Tinnesand SUE article provides the opportunity to discuss that the possible replacement of mono and polyatomic ions in hydroxyapatite is determined by their periodic relationship to the original ion in the crystal.
6. Nomenclature of ionic formulas—Refer to Figure 1 in the Emilsson/Tinnesand SUE article while naming and writing formulas for ionic structures. Naming the unit cells in hydroxyapatite substitutions can be shown by focusing first on the back end of the molecular formula. This becomes the beginning of the name. For example: When the end is a hydroxyl (OH–) unit, the name will begin with “hydroxy” (e.g., hydroxyapatite). If F– has been substituted for OH–, the name will become fluorapatite and a Cl– replacement is chlorapatite.
7. Nomenclature of organic molecules—The structures of putrescine (NH2(CH2)4NH2) and cadaverine (NH2(CH2)5NH2) present good opportunities to connect students’ prior knowledge of the nomenclature of amino compounds such as amino acids studied in biology with the alkane series.
8. Crystal packing—When students study ionic crystals and crystal packing, the unit cell of hydoxyapatite provides a good example of the complexity of mineral structures, which suggests the value of the study of single unit cells.
9. Chemical changes—Initial phases of fossil formation involve many chemical changes. As bacteria decompose living tissue, cadaverine and putrescine, as well as many other chemicals, are formed.
10. Physical changes—Fossil formation also involves physical changes as ions migrate from the ground water or bodies of water to fill pores in the bone.
11. Conservation of matter—The sidebar in the Emilsson/Tinnesand SUE article describes how nature recycles. This provides an opportunity to reinforce conservation of matter over millions of years.
[bookmark: _Toc468113092]Possible Student Misconceptions (to aid teacher in addressing misconceptions)

1. “T. Rex is female, of course; she is named SUE.” SUE was named for Sue Hendrickson, a female paleontologist. Researchers say that too few specimens of T. rex have been found to speculate about their gender.
2. “I’ve heard that fossils are simply bones that have turned into stone.” Although fossils may look like stone on the outside, they are actually bones that still contain some of their original calcium and phosphate material in bone mineral similar to the hydoxyapatite formula given in the Emilsson/Tinnesand SUE article.
3. “Dinosaurs were really a failed species, because they died out completely.” Actually dinosaurs were quite successful and adapted well. They ruled the earth for over 150 million years (compared to man’s approximate six million, or our civilization of only about 6,000 years)! And, many dinosaur species led to the evolution of birds.
4. “I’m really confused. Some people say that the dinosaurs were still on Earth when early humans were here.” Scientific data shows that the last dinosaurs died 62 million years before humans arrived.
5. “I’ve heard that archeologists dig up dinosaurs.” Archeologists deal with humans who lived during the last 3-4 million years; paleontologists study fossils left during the last 3.5 billion years.
6. “In a film, I saw a T. rex chasing a jeep at a scary 45 miles an hour.” T. rex was a massive animal. To run at this speed, SUE would need 86% of its muscle content located in its legs. Paleontologists say that this impossible.
7. “I guess that we can just use carbon dating to determine the age of T. rex fossils.” Carbon dating requires the presence of organic (carbon containing) compounds that are no longer present in fossils. Besides, carbon dating only extends back about 56,000 years, about 10 half-lives of C-14. See “fossil dating” in the “Background Information” section, above.

[bookmark: _Toc468113093]Anticipating Student Questions (answers to questions students might ask in class)

1. “If T. rex fossils are buried under many layers of sediment, how can we find them?” Over millions of years, the earth’s tectonic plates have continually shifted. The uplifts that result from plate collisions, bring lower sediment layers that contain fossils to the surface. Here, wind and rain can erode the sediment material leaving the fossils exposed.
2. “How will I know when I find a fossil and not just a bone? A fossil looks and feels different from a bone. A bone is often white from the calcium in the bone mineral. As calcium ions leave, the fossil is left with a brownish color. Bone is also porous and light-weight compared to a solid fossil.
3. “Can you tell the difference between a fossil and an ordinary rock?” Yes, but this is difficult. If the object is broken, look inside. If it is the same inside and out, it is a rock. A fossil will show tiny spaces inside like the ones seen in bone. When in doubt you will need to ask a paleontologist.
4. “How long does it take to make a fossil?” Fossils are defined as remains of animals that died more than 10,000 years ago. So, the minimum time to make a fossil is considered to be 10,000 years.
5. “How quickly did T. rex grow as a teenager?” Between the ages of 14 and 18, T. rex probably gained five pounds per day!
6. “When did the dinosaurs inhabit the earth?” This depends upon the species of dinosaur. For example, there were 65 million years between the times that Apatosaurus and T. rex inhabited the earth.
7. “Can we determine the exact age of SUE?” No, uranium dating will only provide an approximate age of a dinosaur.

[bookmark: _Toc468113094]Activities

[bookmark: _Toc453602478]Labs and Demos

1. Chemistry lab, “Effect of pH on Precipitation of Hydroxyapatite”: This investigation is appropriate high school students and best scheduled late in the school year. Allow about 40 minutes of class time; 20 minutes of teacher preparation time. Students will review chemical equations, solutions, pH and Le Châtelier’s Principle as they study the effects of varying the concentration of hydrochloric acid on the precipitation of hydroxyapatite. Complete lesson plans are given in Appendix B, along with suggested data and student questions with answers. The experimental procedure is prefaced by extensive background information on fossilization. (https://answersingenesis.org/fossils/how-are-fossils-formed/soft-tissue-fossilization/)
2. A lab: “Make your Own Fossil”: Note: The material must sit for 1 hour or be left overnight to dry. Students can make their own Plaster of Paris fossils. After practice in the high school classroom, this lab activity would be an excellent choice to share with local elementary students during National Chemistry Week and/or through a ChemClub at your school.
The chemistry is simple: the mineral gypsum is heated to 150 oC to drive the water from the hydrate
	heat
2 CaSO4 • 2 H2O    2 CaSO4 • ½ H2O  +  3 H2O
	Gypsum	Plaster of Paris (powder)

In lab, the powdered Plaster of Paris is rehydrated with water to form a slurry, then the fossil is left to dry (dehydrating again):

	2 CaSO4 • ½ H2O  +  3 H2O    2 CaSO4 • 2 H2O  +  heat

Note that forming Plaster of Paris requires heat energy; reconstituting releases energy.
Complete lab instructions are located on this Web site: http://www.chemicalformula.org/plaster-of-paris.

Simulations

1. “Collagen Synthesis” flash movie: This site from the National Center for Biotechnology Information contains a short flash movie showing collagen synthesis. Just keep pressing “continue” to forward to the next stage. (https://depts.washington.edu/bonebio/ASBMRed/matrix.html)

Media

1. YouTube video (3:00), “Dinosaur 13 Official Trailer (2014) HD”: This is the official trailer of the documentary, “Dinosaur 13”. Show this as a dramatic introduction to the drama behind the discovery of SUE. (https://www.youtube.com/watch?v=XZywsT8Sy-c)
2. YouTube video (15:32) Outdoor labs to study human decomposition: Students will find this TED Talk video, “Dr. Arpad Vass—Forensics”, on forensic anthropology interesting. Dr. Vass, University of Tennessee, set up outdoor labs to study human decomposition. He encountered legal problems securing human cadaver donations. The 480 different volatile compounds (biomarkers) that are released during this process help determine the date and time of death. Cadaver dogs are important in crime solving because, “You can’t do post mortem until you find the body.” (https://www.youtube.com/watch?v=l0Qd2nxMC2Y)
3. YouTube video “Radiometric Dating” (7:08): This New Zealand video describes the use of radiometric dating to determine fossil age using adjacent rock. A piece of rock is pulverized, uranium in the minerals is extracted using a mass spectrometer and the age is determined from the rate of decay of uranium. Credit for the genesis of this procedure is given to Einstein and Rutherford. (https://www.youtube.com/watch?v=1920gi3swe4)
4. Discovery Channel film (56:21), “Last Day of Dinosaurs”: This is a very dramatic presentation that shows the hypothesized effects on dinosaurs of an asteroid hitting the earth. (https://www.youtube.com/watch?v=9f5HehQovx8)
5. YouTube video (1:36) “Fossilization”: This video provides an introduction to the process of fossilization. Animation is used to clearly describe four steps to becoming a fossil. (https://www.youtube.com/watch?v=4-dTz416rYg)
6. Four YouTube video lessons on measuring age on earth: There are four Kahn lessons on radioactive dating in this series. Although they do not cover uranium/lead dating, they cover the basic theory of half-life and take students through mathematical calculations:
a. “Carbon 14 dating 1” (10:03)
b. “Carbon 14 dating video 2” (4:14)
c. “Potassium-argon (K-Ar) dating” (10:35)
d. “K-Ar dating calculation” (11:07)
This URL will take you to the first lesson. On the left margin you will see links to the other three. (https://www.khanacademy.org/science/cosmology-and-astronomy/life-earth-universe/measuring-age-tutorial/v/carbon-14-dating-1)

Lessons and Lesson Plans

1. Lesson on writing formulas of ionic compounds: While studying ionic compounds, ask students to write formulas for substituted hydroxyapatite unit crystals using the ions given in Figure 1 of the Emilsson/Tinnesand SUE article. For example: If Ca2+ is replaced by Sr2+ the new formula for the unit crystal will be Sr10(PO4)6(OH)2 because strontium has the same charge as calcium. But if Na+ is substituted, the formula will be Na20(PO4)6(OH)2.
2. Students develop a geologic time line: These sites provide detailed information on the presentation of a lesson to illustrate the concept of time from the beginning of the earth to human habitation.
a. This site shows a 5E lesson plan for a high school student activity: https://www.cwu.edu/waters/sites/cts.cwu.edu.waters/files/documents/5E_investigating_geological_time_building_timescale.doc.
b. Here is a simple lesson plan for a similar activity: http://www2.mbusd.org/staff/pware/pdf/GeologicalTimeline.pdf.
c. Students may find this timeline activity a bit juvenile, but it could be readily adapted to the level of high school students. (http://www.dynamicearth.co.uk/media/1514/geological-timeline-pack.pdf)

Projects and Extension Activities

1. Debate ethical questions that surround for-profit paleontology: Provide students with a prompt and ask teams to prepare for a debate. For example:
a. Should a piece of our natural history be sold?
b. Consider the “pros” and “cons” of the for-profit fossil sale business in the USA and/or internationally. The following URLs contain useful information for group debates. Note: you may want to review these before assigning/giving them to students for research.
1) “Con” group arguments against the for-profit sellers featured in the “Dinosaur 13” movie:
a) (http://www.slate.com/articles/health_and_science/science/2013/01/tarbosaurus_bataar_smuggling_case_dinosaur_fossil_dealers_steal_bones_from.single.html)
b) (http://www.slate.com/blogs/browbeat/2014/08/22/dinosaur_13_review_movie_about_peter_larson_spins_a_bogus_tale.html)
c) (http://www.chicagoreader.com/chicago/dinosaur-13-review-todd-douglas-miller-peter-larson-tyrannosaurus-rex-fossil-sue-field-museum-of-natural-history/Content?oid=14690513)
d) (https://www.washingtonpost.com/local/the-t-rex-that-got-away-smithsonians-quest-for-sue-ends-with-different-dinosaur/2014/04/05/7da9a73c-b9a6-11e3-9a05-c739f29ccb08_story.html)
Students may use arguments such as:
· For-profit sellers save researchers time and money but they sometimes deal in stolen property.
· For-profit sellers may try to increase the value to their specimens by adding teeth from one fossil to another.
· A fossil sold to the public may disappear and never be displayed in museums. 	
2) “Pro” group arguments in favor of the for-profit sellers featured in the “Dinosaur 13” movie:
a) 3 minute film trailer: https://www.youtube.com/watch?v=XZywsT8Sy-c.
b) The movie (1:35:00): available through ITunes and other movie distributors. (https://itunes.apple.com/us/movie/dinosaur-13/id889020430)
Students may use arguments such as:
· For-profit sellers help scientists who lack the time and resources to find fossils.
· For-profit sellers travel throughout the world to collect, clean and repair fossils for museums and academic researchers.
2. Research and presentation: Ask student groups to research the conditions optimal for fossil formation. Use this information to complete and explain the following statements for a classroom presentation or skit:
You might be a fossil if …
a. you were lower on the food chain.
b. you were small and weak, rather than big and strong.
c. you were slow, lacked eyes, were attached to the sea floor and thus immobile.
d. you lived in or near a marine or aquatic environment, as opposed to on land.
e. you were crunchy rather than soft.
f. you expired in water or fell in some water after you expired.
Complete extensions to the “You might be a fossil if…” are located at http://www.collectingfossils.org/fossilrecord.htm.
3. A Debate: what killed the dinosaurs: Ask students to investigate possible explanations for the mass extinction of large animals that occurred at the K-T boundary (between the Cretaceous and Tertiary geologic Periods). Ask student groups to select one hypothesis supported by scientific evidence for a classroom debate. Much information about various theories is located on this site from the Smithsonian Museum of Natural History (7 pages). (http://paleobiology.si.edu/dinosaurs/info/everything/why.html)
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Iridium is rarely found on earth but is more common in asteroids. This article describes how the concentration of iridium at the K/T Boundary provides evidence for the impact of the Chicxulub meteorite at the time of dinosaur extinction. (Withgott, J. Dinosaurs and Iridium—Traces of an Impact. ChemMatters, 2001, 19 (1), pp 12–13)

This article provides details including molecular and structural formulas and chemical reactions as tooth decay is discussed. Also shown is how hydroxyapatite is broken down by bacteria and how fluorine forms fluorapatite. (Rohrig, B. Demystifying Gross Stuff. ChemMatters, 2001, 19 (3), pp 12–14)

The structure of bone including osteocytes is pictured and described in this article. Hydroxyapatite is introduced as a calcium phosphate compound. (Stone, C. Bones—The Living Skeleton. ChemMatters, 2000, 18 (3), pp. 12–13)
____________________

Hendrickson, S. Hunt for the Past: My Life as an Explorer; Scholastic, Inc.: New York, NY, 2001. Hendrickson’s autobiography contains many references to her self-taught accomplishments from painting boats to diving for ship wrecks to paleontology. She leads an exciting adventurous life of nonconformity. This will probably appeal to students.

[bookmark: _Toc468113096]Web Sites for Additional Information (Web-based information sources)

Sue Hendrickson

	This site provides some information about the life of Sue Hendrickson, the high school dropout, after she found SUE. (http://articles.chicagotribune.com/2000-05-08/news/0005080126_1_specimen-dinosaur-high-school-diploma)

“Dinosaur 13”

	The film critique was published by the Chicago Reader. It goes beyond “Dinosaur 13” to discuss the deep problems involved in the commercialization of fossil recovery. (http://www.chicagoreader.com/chicago/dinosaur-13-review-todd-douglas-miller-peter-larson-tyrannosaurus-rex-fossil-sue-field-museum-of-natural-history/Content?oid=14690513)

The Field Museum purchase of SUE

	This Washington Post story: “The T. rex that Got Away” describes the drama and secret bidding involved in the purchase of SUE. (https://www.washingtonpost.com/local/the-t-rex-that-got-away-smithsonians-quest-for-sue-ends-with-different-dinosaur/2014/04/05/7da9a73c-b9a6-11e3-9a05-c739f29ccb08_story.html)

	On March 21, 2014, Christina Rose published an article in the tribal newsletter, The Indian Country Today, titled, “After T-Rex Troubles, Dinosaurs Stay on the Rez”. The judge’s decision favoring Maurice Williams in the SUE case was based on the premise that, “… fossils are actually part of the ground, which meant the dinosaur was tribal land.”
(http://indiancountrytodaymedianetwork.com/2014/03/21/after-t-rex-troubles-dinosaurs-stay-rez-154111)

The anatomy of T. rex

	This site gives “Fast Facts on T. rex” and provides many details of the assumed physical anatomy, physiology and behavior of T. rex. The information may help answer student questions about theories regarding the life style of huge dinosaurs. (http://www.fossilguy.com/gallery/vert/dinosaur/tyrannosaurus/tyrannosaurus.htm)

T. rex growth

	George Erickson, Florida State University questioned how dinosaurs became gigantic so quickly. His research attributes enormous growth rates for T. rex between 14 and 18 years due to voracious eating habits. (http://news.nationalgeographic.com/news/2004/08/0811_040811_trex.html)

Scientific evidence of T. rex predation

	PLOS is an open access journal of the Public Library of Science. This article describes and shows photos of teeth marks that suggest the cannibalistic behavior of T. rex. (http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0013419)

Types of animal preservation

	The Virtual Fossil Museum Web site posting, “Fossilization - How Fossils Form”, lists and explains fossil formation under different environmental conditions. This informative site includes some of the chemistry involved in processes including drying, freezing and immersion in tar that leave evidence such as fossils, molds and casts of ancient animal habitation. (http://www.fossilmuseum.net/fossilrecord/fossilization/fossilization.htm)

	Paleosol is the type of soil that was preserved many years ago through burial under sediments. This soil, conducive to fossil formation, is discussed in a soil science blog from the University of Oregon. (http://blogs.uoregon.edu/gregr/files/2013/07/Retallack-1997-dinosaurs-and-dirt-17ef2dj.pdf)

Steps to fossil formation

	This site contains a concise step by step, easy to follow procedure for the formation of a fossilized animal. (https://www.papertrell.com/apps/preview/The-Handy-Dinosaur-Answer-Book/handy%20answer%20book/How-likely-is-it-that-an-organism-becomes-a-fossil/001137014/content/SC/52cafef582fad14abfa5c2e0_Default.html)

	The Australia Museum in Sydney shows pictures with a description of the four stages of fossil development in “How fossils are formed”. There are links to sedimentary processes and the types of fossils found in the Sydney Basin. (http://australianmuseum.net.au/how-are-fossils-formed)

Cadaver dog training

	This article describes the training of cadaver dogs and the situations that they must experience in their work. (https://www.theguardian.com/lifeandstyle/2015/sep/08/cadaver-dogs-trained-to-smell-death)

Bone mineral

	Smithsonian Institute researchers describe the reactivity of bone mineral and how its formula changes over time. The high surface area of the crystal readily lends itself to cation exchange. (http://rimg.geoscienceworld.org/content/48/1/489)

Bone repair

	This paper, “Collagen-Hydroxyapatite Composites for Hard Tissue Repair (bone repair)”, describes the work of researchers at Oxford University, UK. Their work involves the use of a bioresorbable collagen-hydroxyapatite composite for bone repair. (http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.655.1594&rep=rep1&type=pdf)

Bone marrow transplants

	The U.S. National Library of Medicine published this description of three types of transplants to replace bone marrow damaged by chemotherapy or radiation. Hopefully, healthy donor white blood cells may continue the process of eradicating cancer cells. (https://www.nlm.nih.gov/medlineplus/ency/article/003009.htm)

Permineralization

	This technical paper describes studies of the chemical analysis of bone mineral and synthetic hydroxyapatite, including discussion of the crystalline structure and the Ca:P ratio in these compounds. (http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2760485/)

Dinosaur extinction

	This article, “After asteroid hit, a giant cloud of smoke led to dinosaur’s demise.” from the July 23, 2016 Los Angeles Times reports data from the release of Professor Kaiho’s research. The newspaper report is clear and very readable.
(http://www.latimes.com/science/sciencenow/la-sci-sn-dinosaurs-asteroid-soot-20160714-snap-story.html)

	The Scientific American article, “A Theory Set in Stone: An Asteroid Killed the Dinosaurs, After All” contains additional information about Chicxulub and Kaiho’s research and how the impact led to destruction of the food chain. And, it discusses the less plausible explanation that multiple volcanic eruptions caused the extinction. (http://www.scientificamerican.com/article/asteroid-killed-dinosaurs/)

	The Smithsonian National Museum of Natural History site lists several references and two URLs that discuss, “Why did they go extinct?” (http://paleobiology.si.edu/dinosaurs/info/everything/why_7.html)

Fossil dating

	Studies by geologists at the University of California, Berkeley Geochronology Center present how uranium/lead (U/Pb) ratios can be used to date geological events up to 100 million years ago with a precision of within 250,000 years (1 in 400, or 0.25%). This article also discusses the advantages of using uranium decay as compared to argon (Ar/Ar) dating. (http://www.berkeley.edu/news/media/releases/2004/09/16_uranium.shtml)

	When U–Pb dating techniques were used on fossil bone, the data caused scientists to question previous proposed dates of dinosaur extinction. This article, “Uranium technique raises dinosaur question” describes the collection of this data and the controversy surrounding it. (http://www.world-nuclear-news.org/EE-Uranium_technique_raises_dinosaur_question-0202117.html)

	These are “class notes” on a lesson on radioactive dating, including an explanation of half-life. There are questions for students and they are asked to graphically analyze data. I don’t see this as a lesson in itself, but there is some material (particularly the problems) that could be used to challenge students. (http://eas2.unl.edu/~tfrank/History%20on%20the%20Rocks/Teachers/Plan%20files/Planansky_geochronology.pdf)

Dinosaur protein

	Additional information is given on the molecular analysis by Mary Schweitzer on the soft tissue found in a T. rex bone. This article provides details of analyses and findings using mass spectrometry techniques to sequence the amino acids in dinosaur protein. Protein antibody bonding is discussed, as well as the data from tests that show a strong similarity between the dinosaur tissue and that of modern birds. (http://www.nature.com/news/molecular-analysis-supports-controversial-claim-for-dinosaur-cells-1.11637)

[bookmark: _Toc468113097]More Web Sites on Teacher Information and Lesson Plans (sites geared specifically to teachers)

	The documentary “Dinosaur 13” (1:35:00) is available for rent or purchase. (https://itunes.apple.com/us/movie/dinosaur-13/id889020430) 
This YouTube video (38:39) includes clips and a trailer of the film. (https://www.youtube.com/watch?v=K66ja5WJurk) 
The 3:00 minute official trailer can be found at https://www.youtube.com/watch?v=XZywsT8Sy-c.

Film critics gave positive responses to the video documentary:
· Dennis Harvey, Variety: "engrossing"
· Duane Byrge, The Hollywood Reporter, "story of scientific discovery and petty politics"
· Eric Kohn, Indiewire, "A subset of the recent scientific-documentary-as-thriller tradition epitomized by The Cove and Blackfish”
· Todd Douglas Miller, “both awe-inspiring and tragic” (https://en.wikipedia.org/wiki/Dinosaur_13)

 Others in the scientific community call ”Dinosaur 13” a very slanted anti-government approach that ignores U.S. Federal laws written to protect fossils on public land.

	Writing for Slate, Don Lessem provides a thorough review of the documentary “Dinosaur 13” from his perspective: “Don’t Believe the Anti-Government Tale Spun by This New Dinosaur Documentary”. This may provide information useful if your students are gathering material for a debate on the ethics of for-profit fossil hunting or to present an alternative view if you show the film. (http://www.slate.com/blogs/browbeat/2014/08/22/dinosaur_13_review_movie_about_peter_larson_spins_a_bogus_tale.html)

	The Chicago Reader critique of the documentary reviews the film and speaks about the frustration of academic paleontologists when excavations become commercial. (http://www.chicagoreader.com/chicago/dinosaur-13-review-todd-douglas-miller-peter-larson-tyrannosaurus-rex-fossil-sue-field-museum-of-natural-history/Content?oid=14690513)

	Wikipedia provides detailed information and references on the feeding and predatory behavior of T. rex. (https://en.wikipedia.org/wiki/Feeding_behaviour_of_Tyrannosaurus)

	There are “Teacher Resource Activities for Education and Fun” including Earth Science lessons that include details on how to build a volcano model. Many links are shown on each margin that take you to general information as well as lessons to use for studying the formation of fossils. (http://www.fossils-facts-and-finds.com/how_are_fossils_formed.html)

	The Emilsson/Tinnesand SUE article contains a sidebar, “Types of Fossils”, with brief explanations of different types of fossil evidence. Supported by the National Science Foundation (NSF), the University of California, Berkeley, Museum of Paleontology has produced an extensive Web page on this subject. In conjunction with PBS Learning Media, they present pictures (in series) of the different types of fossils, a NOVA video on the Grand Canyon, questions for students and links to the specific Benchmarks for Science Literacy (National Standards). This site is rich with possibilities for student lessons. (http://www.pbslearningmedia.org/resource/ess05.sci.ess.earthsys.fossiltype/types-of-fossils/)


[bookmark: _Toc468113098]Expiration Dates: What Do They Mean?
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The history of food dating labels in the U.S.

	Before the 1970s, labels with a month, date, and year visible to the consumer—referred to as open date labels—generally were not placed on foods. Instead, manufacturers used a closed labeling system of codes that only the retailer could interpret, to help manage the store inventory. A system referred to as “closed” does not convey information to the customer, so customers had no way of knowing when their food was produced or how long it had been on the shelf. Increased urbanization of the U.S. meant fewer people were growing their own food, and more people had to rely on the retailer to assure them of the freshness of the food they purchased.

During the 1970s, many supermarkets adopted open dating practices in response to consumer demands. By 1973, ten states were regulating open dating of certain food products. By 1975, some in the food safety agencies started advocating a uniform date-labeling system that would be used by all.

In 1979, the Office of Technology Assessment (OTA) established a multifaceted task force to study the development of a system of dating food. Even at this time, the task force determined that open dating of food could not ensure microbial safety, and consumers may be led to think the food they were buying was safe until the date on the label. Shortly afterwards, the initial legislation to regulate open date labeling of food was introduced to the U.S. Congress.

None of the bills that would have regulated date labeling passed out of Congress. Supermarket chains were apprehensive about open dating because they felt customers would pick through the shelves looking for the most recent dates, leaving items with older dates on the shelf until they had to be discarded. The supermarkets were afraid this would increase waste and increase costs. Therefore no national legislation has been passed that would regulate food dating except for legislation that regulates the open dating of infant formula and baby food.

	Below is a brief timeline of the need for and development of, food labeling in the U.S.

[image: ]
[bookmark: _gjdgxs](https://nrdc.org/sites/default/files/dating-game-report.pdf)

In the absence of any federal regulations, some states have regulated labels enthusiastically, while others have done very little. From state to state, the jurisdiction of date labels falls to different agencies, such as the Department of Health, the Department of Agriculture, the Department of Commerce, or the Department of Weights and Measures. All of these may have developed their own protocols.

Even though there are no federal laws concerning open dating of food, there are three major U.S. agencies that are tasked with the oversight of the nation’s food supply. Some foods fall under the U.S. FDA (Food and Drug Administration), while others fall under the jurisdiction of the USDA (U.S. Department of Agriculture); each of these organizations has different protocols for date labeling. The USDA requires a calendar date preceded by “Best by”, “Sell by” or “Use by”, but it does not define these terms, so, essentially, they can be used interchangeably. The Federal Trade Commission (FTC), has authority to create regulations necessary to prevent the deception of consumers and to prevent “unfair or deceptive acts or practices in or affecting commerce.” So, in the event that product labeling may be misleading to the public or creating an unfair market advantage for some companies, the FTC also has a voice in the way food is labeled.

The National Conference on Weights and Measures (NCWM) developed model regulations on open dating that is published in the National Institute of Standards and Technology (NIST) handbook for federal voluntary guidance, referred to as the “Uniform Open Dating Regulation Handbook”, or Handbook 130, which is used to provide guidance to the food industry. In this document, “Sell by” is recommended for prepackaged perishable foods, while “Best if used by” is recommended for semi-perishable or long-shelf-life foods. Even though guidance has been provided that attempts to standardize food date labels, only five states (Arkansas, Connecticut, Nevada, Oklahoma, and West Virginia) have regulations in place to automatically adopt the most recent NCWM Uniform Open Dating Regulations published in NIST Handbook 130. (https://www.nrdc.org/sites/default/files/dating-game-report.pdf)

In the following figure from the National Resources Defense Council (NRDC) “Dating Game Report” by Dana Gunders, the different agencies that are involved in the Federal Food Labeling System are outlined.

[image: ][image: ][image: ](https://nrdc.org/sites/default/files/dating-game-report.pdf)

Proposed changes to date labeling

	From Figure 1 above, it is clear that there are multiple agencies that are trying to advise or regulate a system of dating foods. To date, there has not been any regulatory legislation regarding date labels for foods that has made it out of congress. In “The Dating Game: How Confusing Food Date Labels Lead to Food Waste in America” written by Dana Gunders from the NRDC, in conjunction with the Harvard Food Law and Policy Clinic, several recommendations are made. These are divided between three recommendations concerning date labeling practices, and three recommendations for activities that industry, government, and consumers should take to encourage reform.



Recommendations for date labeling practices:

1. Make Sell by dates invisible to the consumer.
“Sell by” dates are designed for stock control by the retailers as a business-to-business communication between manufacturers and retailers. These are often misinterpreted by consumers as safety dates.
2. Establish a reliable, coherent, and uniform consumer-facing dating system.
· Establish standard, clear language for both quality-based and safety based date labels. A suggested phrase to replace “use by” could be “safe if used by”, followed by the date. “Best before”, a quality date phrase, could be replaced by “Peak freshness guaranteed before MMDDYY”, or this disclaimer: “This date is an indicator of quality. Product safety has not been tested or linked to this date.”
· Include “Freeze by” dates and freezing information where applicable. This could serve as a reminder to the consumer to freeze the product instead of discarding it.
· Remove or replace quality based dates on nonperishable, shelf-stable products. Use something like “Best within XX days of opening”.
· Ensure date labels are clearly and predictably located on packages.
· Employ more transparent methods for selecting dates. Product testing should be employed to set these date guidelines.
3. Increase the “Use of Safe Handling” instructions and “Smart Labels”.
Quick Response Codes (QR codes) could be used to allow consumers to use their smartphones to read a barcode linking to additional information about the food item.

For activities in which industry, government, and consumers should participate, to encourage reform:

1. Food industry actors would commit to
a. Converting to a closed-date system for sell by information.
b. Establishing a more standardized, easily understandable consumer-facing dating system.
c. Selling or donating near-expiration or expired products.
d. Educating consumers on the meaning of expiration dates and on safe food handling.
2. Policy change would be undertaken by the following actors:
a. Congress
b. FDA, USDA and other relevant agencies
c. NCWM, NIST
d. States—creating consistency across state laws
e. All levels of government—should conduct public education campaigns
3. Consumers and consumer-facing agencies and organizations would act now by:
a. Educating themselves and their constituents on the meaning of date labels.
b. Educating themselves and their constituents on safe food handling and consumption, including proper refrigeration temperatures.
c. Learning to tell when food can still be safely consumed.
[bookmark: _30j0zll](https://nrdc.org/sites/default/files/dating-game-report.pdf)

[bookmark: _1fob9te]These recommendations, as well as others, are in The Food Recovery Act of 2015, introduced in the House and the Senate by Senator Richard Blumenthal (D-CT) and Representative Chellie Pingree (D-ME). The bill addresses the need to reduce food waste at multiple levels—consumer, farmer, retailer, schools, federal government, and landfills. In March of 2016 it was assigned to a subcommittee for further action. The bill can be accessed on Representative Pingree’s site: https://pingree.house.gov/foodwaste. Senator Blumenthal addresses the need for this legislation in this video (2:36): “Shrinking America’s Food Waste Mountain”. (www.usatoday.com/videos/news/nation/2016/08/11/88553718/)

Food safety

Food safety involves a multifaceted system to ensure that illness or harm will not result from eating food. Everyone involved with food—from the farm to the table—plays a role in keeping our food supply safe. When it comes to the role of date labels,

Here's a superbly-kept secret: All those dates on food products -- sell by, use by, best before --almost none of those dates indicate the safety of food, and generally speaking, they're not regulated in the way many people believe. The current system of expiration dates misleads consumers to believe they must discard food in order to protect their own safety. In fact, the dates are only suggestions by the manufacturer for when the food is at its peak quality, not when it is unsafe to eat.

(https://www.nrdc.org/resources/dating-game-how-confusing-food-date-labels-lead-food-waste-america)

In fact, many foods may be dangerous to eat well before their expiration date if they have not been handled properly or if they were contaminated during processing. The bacteria that are associated with the normal decay of food are generally not the bacteria that cause illness. In the U.S., the Food Safety and Inspection Service (FSIS) is the public health agency that is responsible for ensuring that the nation’s commercial supply of meat, poultry, and egg products is safe.

Many students often get their first job in the food retail business. If they work in a restaurant, they may have taken a food handler’s course and taken a test in order to get a permit to work with food served to the public. (This is required in some but not all fifty states.) Students are often eager to share what they learned, if you have time to let them share this in class. Hopefully they will be able to mention the 4 C’s of food safety. These are:
1. CLEAN—Wash hands with soap for at least 20 seconds. Wash food preparation surfaces often. Wash vegetables before peeling and, if they are rough, use a vegetable brush to remove all the dirt.
2. COOK—Bring all foods to the proper temperature. Use a thermometer to ensure you have reached the prescribed temperature. For example, ground beef should be cooked to 71 °C (160 °F) while leftovers should be warmed to at least 74 °C 
(165 °F).
3. COMBAT CROSS CONTAMINATION—Separate meats and raw vegetables from the time you place them in the grocery cart. If possible, use different cutting boards for meats and vegetables. If that is not possible, wash all surfaces after they have been in contact with meat before using that surface for food that will not be cooked. After grilling meats, place them on a clean plate.
4. CHILL—Keep cold foods refrigerated at temperatures ≤ 40 °F. Freezers should be set to 0 °F. The danger zone for most foods is between 40 °F and 140 °F. In this temperature range bacteria can grow. Any perishable foods left out at room temperature for longer than two hours should be discarded.
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The Four Rules of Food Safety

(http://www.fda.gov/Food/FoodborneIllnessContaminants/PeopleAtRisk/ucm182679.htm)

[bookmark: _3znysh7]For tables and charts containing information on the safe storage times for certain perishable food items see the U.S. Department of Health & Human Services’ “Foodsafety.gov” Web site at https://www.foodsafety.gov/keep/charts/index.html. Following the four main safety rules cited above will go a long way in preventing foodborne illnesses.

Here are a few examples of why following all of these steps is important. Some types of bacteria form spores that aren’t killed by cooking. Spores are a survival mode in which those bacteria make an inactive form that can live without nutrition and that develops very tough protection against the outside world. After cooking, the spores may change and grow into bacteria, when the food cools down. Refrigerating food quickly after cooking can help keep the bacteria from multiplying. On the other hand, cooking does kill most harmful bacteria. Cooking is especially important when a pathogen is hard to wash off of a particular kind of food, or if a bacterium can grow at refrigerator temperatures, as is true of Listeria monocytogenes and Yersinia enterocolitica.”
From the Bad Bug Book a practical handbook about the microorganisms that cause foodborne illness.

[bookmark: _2et92p0](www.fda.gov/downloads/Food/FoodborneillnessContaminants/UCM297627.pdf)

	A 5-second expiration date?

	How many times have you heard students, or even adults, claim the “five-second rule”, as they pick up a piece of food they just dropped on the floor and put it in their mouth? The five-second rule is the widely-accepted belief that food that drops to the floor is still safe to eat, as long as it is picked up within five seconds. The theory (hypothesis, really) is (was) that bacteria require more than that time to transfer from the floor to the food’s surface.

Researchers at Rutgers University set out to test the five-second rule by conducting a series of experiments, repeated 20 times, that related contact time to cross contamination of food with bacteria. They used four different surfaces—stainless steel, ceramic tile, carpet, and wood; and four different foods—watermelon, bread, buttered bread, and gummy candy; and four different contact times—less than 1 second, 5 seconds, 30 seconds, and 300 seconds. Their results were published in Applied & Environmental Microbiology, and summarized in the September 12, 2016 issue of Food Safety Magazine.

Food science professor and extension specialist Donald Schaffner found that cross contamination can occur in less than one second, dependent upon certain conditions—moisture level, surface type, and contact time. … “Transfer of bacteria from surfaces to food appears to be affected most by moisture,” says Schaffner. “Bacteria don’t have legs, they move with the moisture, and the wetter the food, the higher the risk of transfer. Also, longer food contact times usually result in transfer of more bacteria from each surface to food.”

(www.foodsafetymagazine.com/news/the-5-second-rule-is-bogus-say-rutgers-researchers)

For the record, the surface that transferred the most bacteria was stainless steel while carpet transferred the least. Watermelon picked up the most bacteria in the shortest amount of time while gummy candy picked up the least bacteria. As for contact times, the longer the food was in contact with the contaminated surface the more bacteria were transferred, so, in this aspect, the five second rule is real. (https://foodpoisoningbulletin.com/2016/5-second-rule-depends-on-food-and-contact-surface/)

However, regardless of whether the 5-second rule is reality or myth, the research above shows that food dropped on a floor should probably not be eaten. So, you could say that unwrapped food that hits the floor has immediately and automatically met or surpassed its own expiration date!



Food poisoning

	Food poisoning, otherwise known as foodborne illness, is any illness that results from eating contaminated foods. Food poisoning is always a miserable experience but, for the most vulnerable people, such as infants and children under 5, adults over 60, and persons with weakened immune systems, food safety can literally be a matter of life and death. Every year one in six Americans get sick from food poisoning, 128,000 cases require hospitalization, and 3,000 persons die.

Bacteria cause the most problems; however, some foodborne illness can be caused by parasites or fungi. In the U.S., the most common foodborne parasites are protozoa, roundworms, and tapeworms.

The majority of all cases of foodborne illness can be attributed to one of the agents in the following table:

	Bacteria
	Common Food Source
	Onset of illness after ingestion
	Symptoms

	Salmonella
	Eggs, poultry, cheese, meat, unpasteurized milk, contaminated raw vegetables
	6–48 hours
	Diarrhea, fever, vomiting, abdominal cramps

	Clostridium perfringens

Over 1 million illnesses per year
	Beef, poultry, gravies. Foods kept warm for long periods of time before serving. Cooking kills the bacteria but not the spores.
	8–16 hours
	Intense abdominal cramps, watery diarrhea

	Campylobacter jejuni
	Raw and undercooked poultry, unpasteurized milk, contaminated water
	1–3 days
	Diarrhea, cramps, fever, and vomiting; diarrhea may be bloody

	Noroviruses
	Raw produce, contaminated water, uncooked foods and cooked foods not reheated after contact with an infected food handler; shellfish from contaminated waters
	12–48 hours
	Nausea, vomiting, abdominal cramping, diarrhea, fever, headache.

	Listeria monocytogenes
	Unpasteurized milk, soft cheeses made with unpasteurized milk, ready-to-eat deli meats. These bacteria can grow in refrigerator temperatures.
	9–48 hours initial symptoms


2–6 wks full disease onset
	Fever, muscle aches, and nausea or diarrhea. In pregnant women infection can lead to premature delivery or stillbirth. Elderly or immunocompromised patients may develop bacteremia or meningitis

	Staphylococcus aureus
	Unrefrigerated or improperly refrigerated meats, potato and egg salads, cream pastries
	1–6 hours
	Sudden onset of severe nausea, vomiting, abdominal cramps, with fever possible

	Escherichia coli
E.coli
	Water or food contaminated with human feces
	1–3 days
	Watery diarrhea, abdominal cramps

	E.coli 0157:H7
	Undercooked beef (especially hamburger), unpasteurized milk and juice, raw fruits and vegetables (e.g. sprouts), and contaminated water
	1–8 days
	Severe (often bloody) diarrhea, abdominal pain, vomiting, usually no fever. Can lead to kidney failure and if the patient gets dehydrated—seizures.



[bookmark: _tyjcwt]For more information, a more comprehensive coverage of this table can be found at http://www.fda.gov/downloads/Food/FoodborneIllnessContaminants/UCM187482.pdf.

Compared to other foodborne germs, Salmonella is the deadliest. Salmonella infections result in more hospitalizations and deaths than any other bacteria found in food, causing over $365,000,000 in medical costs annually. There have been several outbreaks of foodborne illness caused by Salmonella in the U.S. in the past several years—from outbreaks due to tainted eggs to outbreaks from contaminated cucumbers, tomatoes, and alfalfa sprouts.

Salmonella can be present inside the eggs laid by infected chickens, which is why eggs should be cooked well before eating them. Salmonella is present in chicken litter, and farmers who use chicken litter as fertilizer run the risk of their crops being tainted with Salmonella, such as in the 2015 outbreak where 907 cases of foodborne illness due to Salmonella were traced back to cucumbers grown on a Mexican farm that used poultry litter as fertilizer. In 2016 there was an outbreak of 611 cases that were traced back to live poultry from backyard flocks. (http://www.cdc.gov/salmonella/live-poultry-05-16/index.html)

E.coli 0157:h7 is a virulent strain of E.coli that can cause severe illness. It is often the source of infection that is caused by eating undercooked ground beef. Education campaigns launched by the FDA have helped decrease the incidence of foodborne illness from E.coli 0157:H7. Similar campaigns for Salmonella have not produced the same results, as indicated in the following graph.


	Change in E. coli O157 and Salmonella infection, 1996–2010

[image:  This line graph shows the change in the relative rates of E. coli O157 (STEC O157) and Salmonella infections from 1996 to 2010.  The relative rates of infection by year.]
Source: Foodborne Diseases Active Surveillance Network, 2010
[bookmark: _3dy6vkm]
(https://www.cdc.gov/vitalsigns/FoodSafety/)

[bookmark: _1t3h5sf](http://www.cdc.gov/foodborneburden/PDFs/Trends-in-Foodborne-Illness-1996-2010-508c.pdf)

The Centers for Disease Control and Prevention is the link between illness in people and the food safety policies and practices of the government agencies, food producers, and retail food establishments. When the CDC is notified of suspected foodborne illness they will determine the specific genotype of the bacterium involved and get information from the victims, in order to trace the bacteria to its source. Suspected food related illnesses should first be reported to the local health department, where the environmental health specialist, or sanitarian, will begin tracking the source of the disease.

Food waste

On average, each person in the U.S. discards approximately 300 lbs. of food each year. Ninety percent of us throw out food too soon, while it is still “good”. This is confirmed from this quote from “The Dating Game” published by the NRDC:

U.S. consumers and businesses needlessly trash billions of pounds of food every year as a result of America's dizzying array of food expiration date labeling practices, which need to be standardized and clarified. Forty percent of the food we produce in this country never gets eaten. That's nearly half our food, wasted -- not just on our plates, but in our refrigerators and pantries, in our grocery stores and on our farms. Much of it perfectly good, edible food -- worth $165 billion annually -- gets tossed in the trash instead [of] feeding someone who's hungry. Misinterpretation of date labels is one of the key factors contributing to this waste.

[bookmark: _4d34og8](https://www.nrdc.org/resources/dating-game-how-confusing-food-date-labels-lead-food-waste-america)

[bookmark: _2s8eyo1]When food goes to waste, so do all the resources used to grow, store and transport it. Wasting food wastes everything—water, fuel, labor and money. According to an Agricultural Department study, four percent of U.S. annual oil consumption and twenty-five percent of our nation’s fresh water goes into producing and transporting food that is never eaten. Most of this food will ultimately end up in a landfill. Food waste is the single largest component of solid waste in our landfills, comprising over 20 percent of all waste. In the landfill, the decaying food is turned into methane gas, which is 21 times more potent than carbon dioxide as a greenhouse gas. Every ton of wasted food results in 3.8 tons of greenhouse gas emissions. (www.endfoodwastenow.org/index.php/resources/facts)

[image: ]

(MSW = Municipal Solid Waste)

[bookmark: _17dp8vu](https://www.epa.gov/sites/production/files/2015-09/documents/2013_advncng_smm_rpt.pdf)

[bookmark: _3rdcrjn]If we as a nation were able to cut our food waste by 50% we would extend the life of landfills by decades and reduce soil depletion. (www.scientificamerican.com/article/earth-talk-waste-land/)



The following graph breaks down food loss by category:
[image: ]

Food Consumed Versus Food Loss*
*Percentages calculated collectively for USA, Canada, Australia, and New Zealand
Data Source: Food and Agriculture Organization 2011

[bookmark: _26in1rg](Adapted from bar chart found here: https://www.nrdc.org/sites/default/files/wasted-food-IP.pdf)

There are multiple reasons why so much food is wasted.
· Some food is never harvested
· Some food that is harvested is discarded for cosmetic reasons—U.S. consumers don’t buy “ugly” produce
· Restaurants prepare more food than they sell
· Grocery stores pull food when it reaches the expiration date on the package
· Consumers toss food that has reached the date on the package

[bookmark: _lnxbz9]The Food Recovery Act that has been introduced in Congress addresses each of these sources of food waste. At the consumer level, there are proposed changes to the food dating system. Farms, grocery retailers, and restaurants may receive a tax deduction for donating high quality food to organizations serving food-insecure people. Ugly fruit and vegetables that are still perfectly good can be used in the school lunch program and the schools could be connected to farms that may be interested in school food waste to feed their livestock. There are also provisions in the legislation to support research to develop ways to reclaim energy from waste, or to use the waste as a resource for the creation of new materials. Efforts to reclaim energy from waste range from capturing the methane produced at landfills so it can be used as a fuel, to finding what components of discarded food can be used to produce new materials. In a short (2:33) YouTube video Dr. Ivan Cornejo, a research engineer at The Colorado School of Mines, talks about his research that uses some types of food waste as material to make glass. (https://www.youtube.com/watch?v=J_3zDkLg_BI)

[bookmark: _35nkun2]Several agencies and special interest groups, such as “Save the Food”, have developed programs to increase awareness of food waste and to educate the general public regarding this problem. An example of a program that can be used by schools is the USDA’s Food Waste Challenge. Classes or schools can take on the challenge to reduce food waste at their school, and they are provided ideas and tools to help them learn more about reducing food waste. See www.usda.gov/oce/foodwaste/join.htm for more information on taking the challenge. Food Rescue, which started in Indiana, is another program to help students get involved in reducing food waste. (http://www.foodrescue.net/)

In an April 20, 2016 article in Time magazine, Tom Colicchio of Bravo’s reality cooking show provided these six tips to enjoy more food and waste less of it. They are:
1. plan before shopping,
2. freeze any excess food purchased while it is still fresh,
3. reinvent leftovers so that they get used,
4. make soup with excess items before they go bad,
5. use every part of a vegetable—add the green leafy tops from carrots to a salad,
6. compost scraps.
[bookmark: _1ksv4uv](www.time.com/4299928/save-the-food/)

Enzymatic browning of phenolic compounds

	The primary reaction that causes the brown color of many fruits and vegetables when they are cut is the reaction between the plant enzyme polyphenol oxidase (PPO) and the various polyphenolic compounds in the plant. These are kept separate when the plant is intact, but are released from the cell cytoplasm when the plant is cut. In the presence of oxygen, the phenolic compounds are oxidized. The oxidized phenolic products are more reactive and can combine with each other and other proteins to form a brown- or black-colored complex. This process is referred to as enzymatic browning.

Polyphenols are normally complex organic substances, which contain more than one phenol group:Phenol

(https://en.wikipedia.org/wiki/Phenols#/media/File:Phenol_chemical_structure.png)

Theaflavin, a polyphenol in tea

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




[image: Image result for apple]Polyphenols can be divided into many different subcategories, such as: anthocyanins that are responsible for the pink, red, and blue colors of plants; flavonoids, associated with yellow, blue and red pigments and found in tea and wine; and non-flavonoids, components found in gallic acid in tea leaves. Flavonoids are formed in plants from the aromatic amino acids phenylalanine and tyrosine.

anthocyanin pigments are responsible for an apple’s red color

 (http://www.themonitordaily.com/apple-a-day-might-not-keep-the-doctor-away/21255/)


Table 1: An overview of known polyphenols involved in browning

	Source
	Phenolic substrates

	Apple
	chlorogenic acid (flesh), catechol, catechin (peel), caffeic acid, 3,4-dihydroxyphenylalanine (DOPA), 3,4-dihydroxy benzoic acid, p-cresol, 4-methyl catechol, leucocyanidin, p-coumaric acid, flavonol glycosides

	Apricot
	isochlorogenic acid, caffeic acid, 4-methyl catechol, chlorogenic acid, catechin, epicatechin, pyrogallol, catechol, flavonols, p-coumaric acid derivatives

	Avocado
	4-methyl catechol, dopamine, pyrogallol, catechol, chlorogenic acid, caffeic acid, DOPA

	Banana
	3,4-dihydroxyphenylethylamine (Dopamine), leucodelphinidin, leucocyanidin

	Cacao
	catechins, leucoanthocyanidins, anthocyanins, complex tannins

	Coffee beans
	chlorogenic acid, caffeic acid

	Eggplant
	chlorogenic acid, caffeic acid, coumaric acid, cinnamic acid derivatives

	Grape
	catechin, chlorogenic acid, catechol, caffeic acid, DOPA, tannins, flavonols, protocatechuic acid, resorcinol, hydroquinone, phenol

	Lettuce
	tyrosine, caffeic acid, chlorogenic acid derivatives

	Lobster
	Tyrosine

	Mango
	dopamine-HCl, 4-methyl catechol, caffeic acid, catechol, catechin, chlorogenic acid, tyrosine, DOPA, p-cresol

	Mushroom
	tyrosine, catechol, DOPA, dopamine, adrenaline, noradrenaline

	Peach
	chlorogenic acid, pyrogallol, 4-methyl catechol, catechol, caffeic acid, gallic acid, catechin, dopamine

	Pear
	chlorogenic acid, catechol, catechin, caffeic acid, DOPA, 3,4-dihydroxy benzoic acid, p-cresol

	Plum
	chlorogenic acid, catechin, caffeic acid, catechol, DOPA

	Potato
	chlorogenic acid, caffeic acid, catechol, DOPA, p-cresol, p-hydroxyphenyl propionic acid, p-hydroxyphenyl pyruvic acid, m-cresol

	Shrimp
	Tyrosine

	Sweet potato
	chlorogenic acid, caffeic acid, caffeylamide

	Tea
	flavanols, catechins, tannins, cinnamic acid derivatives



[bookmark: _44sinio](www.food-info.net/uk/colour/enzymaticbrowning.htm#1)

Polyphenoloxidase

Polyphenoloxidases are a class of enzymes that were first discovered in mushrooms and are widely distributed in nature. They appear to reside in the plastids and chloroplasts of plants, although freely existing in the cytoplasm of senescing or ripening plants. Polyphenoloxidase is thought to play an important role in the resistance of plants to microbial and viral infections and to adverse climatic conditions.

In the presence of oxygen from air, the enzyme catalyzes the first steps in the biochemical conversion of phenolics to produce quinones, which undergo further polymerization to yield dark, insoluble polymers referred to as melanins.

These melanins form barriers and have antimicrobial properties which prevent the spread of infection or bruising in plant tissues. Plants, which exhibit comparably high resistance to climatic stress, have been shown to possess relatively higher polyphenoloxidase levels than susceptible varieties.

[bookmark: _2jxsxqh](www.food-info.net/uk/colour/enzymaticbrowning.htm#1)

An example of the formation of melanins from a simple polyphenol, tyrosine, is shown in the figure below:
[image: ]

Formation of melanins from tyrosine

(www.food-info.net/ukcolour/enzymaticbrowning.htm#1)

	As browning in most fruits and vegetables is undesirable, there is tremendous interest in preventing it. Enzymatic browning can generally be prevented by employing the factors that either deactivate or inhibit enzyme activity. Enzymes are proteins and, hence, are sensitive to pH changes and to temperature changes. Some of the methods that are employed to prevent enzymatic browning in the food industry are:
· Blanching: Heating the plant to 70–100 °C as in blanching, will inactivate the enzyme and prevent browning. Sometimes the heat alters the texture of the food and blanching is not favored.
· Refrigeration: Refrigeration at 7 °C inhibits the enzyme but does not destroy it. Browning will still occur; it will just proceed at a slower rate. Freezing is like refrigeration in that the enzyme is not denatured but browning will not proceed when the food is frozen. When the food is brought to room temperature, enzymatic browning will proceed.
· Changing the pH: Enzymatic browning can be prevented by lowering the pH below 4 by adding citric or ascorbic acid. Lemon juice is a good source of these. Polyphenol oxidase has a narrow range in which it is most active. Outside this range the enzyme does not function well.
· Dehydration: Dehydration removes water which is necessary for PPO to function. The enzyme is inhibited but not destroyed. When the food is rehydrated, enzymatic browning will proceed.
· Irradiation: When food is submitted to ionizing radiation, such as gamma rays or X-rays, bacteria is killed and enzyme activity is reduced. Public acceptance of this method has not been high. Food that has been irradiated must be marked to inform the consumer.
· Ultrafiltration: This method removes large molecules like polyphenol oxidase, but not lower weight molecules like polyphenols. It is used on wines and fruit juices to preserve color and prevent enzymatic browning.
· Supercritical CO2: Treatment of food with supercritical carbon dioxide results in a lowering of the pH due to the formation of carbonic acid, H2CO3, which prevents enzyme function. This method is used for shrimp, lobsters, and potatoes.
· Addition of Inhibitors: Sometimes other substances can be added to the food to deter browning. These work by either inhibiting the enzyme, by removing the substrate such as oxygen or the phenolic compounds, or by changing the composition of the melanin product. Some of the most important inhibitors and their mode of action are listed in the table below.

Table 2: Inhibitors of enzymatic browning
 [image: ]
(www.food-info.net/ukcolour/enzymaticbrowning.htm#1)

Non-enzymatic browning

	Non-enzymatic browning in food can proceed along different pathways depending on the chemical composition of the food. If the food is sucrose, the reaction is caramelization. If the food contains reducing sugars such as glucose and also contains amino acids, the browning is a product of the Maillard reaction (see below).

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 that will give the final product a brown color and a different flavor.

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: ]
[bookmark: _3j2qqm3]
(https://bondingwithfood.files.wordpress.com/2012/02/chem2.gif)

The Maillard reaction

The Maillard reaction is a chemical reaction between an amino acid and a reducing sugar, usually requiring the addition of heat. Like caramelization, it is a form of non-enzymatic browning. The reactive carbonyl group of the sugar interacts with the nucleophilic amino group of the amino acid, and interesting but poorly characterized odor and flavor molecules result. This process accelerates in an alkaline environment because the amino groups do not neutralize. This reaction is the basis of the flavoring industry, since the type of amino acid determines the resulting flavor.

(http://www.scienceofcooking.com/maillard_reaction.htm)

	The Maillard reaction produces distinct flavors as a result of heating sugars within foods to high temperatures. Some of the foods (and the flavors) that you might recognize are: grilled steaks, deep-fried French fries, toasted toast, campfire-roasted marshmallows, roasts (meats roasted), caramelized onions, baked bread (browned crust), roasted coffee, and caramel candies, just to name a few. (Getting hungry yet?)

The Maillard reaction can be broken down into three main steps. First, the 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 that can produce water and reductones, diacetyl or pyruvaldehydes, or nitrogenous polymers and melanoidins which will give the brown color.
[bookmark: _1y810tw]These steps 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)

An example where both caramelization and the Maillard reaction are employed in cooking is in the caramelization of carrots.Caramelization of carrots

(http://www.scienceofcooking.com/caramelized_carrots.jpg)


Carrots have a higher natural sugar content than all other vegetables with the exception of beets. In the photo above [at right] the high sugar content produced a highly caramelized surface. Carrots are high in glucose, fructose and sucrose (depending on the breed of carrot) which promote caramelization. In the case of carrots the reaction actually contains both caramelization products and Maillard reaction products since vegetables also contain amino acids along with reducing sugars.

(http://www.scienceofcooking.com/caramelization.htm)

Rancidification reactions

	When fatty foods are stored for long periods of time, they undergo chemical changes that produce unpleasant odors or flavors associated with foods. We say have become rancid. There are two main causes of this—hydrolytic rancidity and oxidative rancidity.

Oxidative rancidity is caused by the reaction of the carbon-carbon double bonds in unsaturated fatty acids and triglycerides with molecular oxygen. Free radicals of the fatty acid molecule are formed as illustrated below:

[image: ]

(https://en.wikipedia.org/wiki/Rancidification#/media/File:Lipid_peroxidation.svg)

Unsaturated fats are more susceptible to oxidation than saturated fats because of the less stable double bonds. Fish oils are highly unsaturated and therefore more susceptible to oxidative rancidity and the foul odors and flavors that accompany it. Ground beef is less stable because it has been exposed to more oxygen in the grinding process. Vegetable fats, although unsaturated, are usually more stable than animal fats because they contain natural antioxidants such as Vitamin E. Metals such as copper, iron, manganese, and chromium increase the rate of fat oxidation. This is important to remember when selecting food storage containers.

Hydrolytic rancidity is caused by the hydrolysis of ester bonds in triglycerides to produce glycerol and three fatty acids (see reaction below). This reaction occurs when food is exposed to moisture or has high water content. The reaction is catalyzed by enzymes found naturally in plant oils (lipoxygenase) and animal fat (lipase). Microbial rancidity is this same process except that the microbes supply the enzymes to break down the chemical structure of the oil, producing the foul odors and flavors.


[image: ]

Hydrolytic rancidification reaction of a triglyceride

[bookmark: _4i7ojhp](http://nordicfoodlab.org/blog/2016/1/29/aged-butter-part-2-the-science-of-rancidity)

Factors that can speed up rancidity reactions are: increased temperatures, exposure to light, increased moisture, increased oxygen exposure, and catalysts such as trace metal ions and inorganic salts. Oxygen is eight times more soluble in fats than it is in water. Therefore, fatty foods should be stored in a cool dark place in nonmetallic containers covered to keep oxygen out. Commercially, antioxidants are added to prevent fats and oils from becoming rancid. Some of the most common antioxidant additives are BHA (butylated hydroxyanisole), BHT (butylated hydroxytoluene), propyl gallate, and tocopherols.

[bookmark: _2xcytpi]The products of rancidification reactions are not always safe to consume as noted in an article from Natural Products Insider: “Ingestion of rancid lipids has been linked to the development or exacerbation of many diseases, including atherosclerosis, cataracts, diarrhea, kidney disease and heart disease, and can cause cellular membrane damage, nausea, neurodegeneration and carcinogenesis.” (http://www.naturalproductsinsider.com/articles/2009/08/understanding-rancidity-of-nutritional-lipids.aspx)

[bookmark: _Toc212568409][bookmark: _Toc468113100]Connections to Chemistry Concepts (for correlation to course curriculum)

1. Chemical Reactions—Food can lose its freshness and become spoiled through a variety of chemical reactions.
2. Oxidation and reduction—Most reactions involved in food decomposition are oxidation-reduction reactions that can be deterred by preventing food from coming in contact with oxygen.
3. Enzymes—Enzymes such as polyphenol oxidase in food react best in neutral conditions. Changing the pH or temperature can deter enzymatic browning in foods.
4. Kinetics—The rate of chemical reactions is affected by temperature, pH, and surface area, all of which are used to prolong the shelf life of food. Not all foods spoil at the same rate.
5. Organic chemistry—The reaction between unsaturated fatty acids and oxygen is responsible for the rancid odors and flavors that are formed in food spoilage.
6. Polymers—Plastic wraps are used to keep food in an air-tight environment.
7. Acids and pH—In solutions of a certain pH, some molecules in food will oxidize, changing the food’s original health benefits and flavor. The acids in lemon juice or vitamin C can be used to prevent this enzymatic browning in fruits like apples and peaches.

[bookmark: _Toc212568410][bookmark: _Toc468113101]Possible Student Misconceptions (to aid teacher in addressing misconceptions)

1. “I thought all food should be thrown out after the date on the packaging. That’s what we do at our house.” Dates on packages are suggestions for the time when the food is in its prime. They do not always refer to the safety involved with eating that food. When the packaging was opened and how the item was stored both impact the safety of the food. Food can become unsafe to eat before the expiration date if it has not been stored properly.
2. “We don’t throw any food out at our house.” That’s great. Some households are very conscientious about food waste, and they may compost leftover, spoiled food or maintain a “slop bucket” of food scraps to feed farm animals. For others, food is scraped off the plate into the garbage disposal which is another source of food waste—unfortunately one that is hard to monitor. Food waste consists of peels removed before using the food and food left uneaten on plates as well as any food that may be tossed out due to being past the expiration date.
3. “I never worry about dates on food when I’m shopping. The grocer takes care to remove all the food that’s beyond its expiration date.” While most grocers are very good at updating and managing their inventory, some items that are outdated can be overlooked and remain on the shelf past the date on the product.
4. “You get food poisoning from eating old food.” Food poisoning is caused by eating food that has been contaminated with pathogenic bacteria or its toxins. The microbes that cause food to eventually rot are generally nonpathogenic. Milk that has soured would still be safe to drink, though it might not taste very good. It could also be used in recipes calling for sour milk.
5. “As long as hamburgers are cooked, they are safe to eat.” Hamburgers should be cooked until the internal temperature is at 160 °F. Hamburgers that are rare usually have not reached this internal temperature and may still harbor live bacteria.

[bookmark: _Toc468113102]Anticipating Student Questions (answers to questions students might ask in class)

1. “Will I get sick if I eat food that has passed its expiration date?” Whether food is safe to eat is different from how fresh it is. If the food has been stored appropriately and its container is still in good condition, it is very likely that the food is safe to eat past the expiration date, and you probably will not get sick from eating it. If food has not been stored or treated safely, then often it can make you sick, sometimes even before the expiration date. Visual examination and smell are two additional ways of checking food to determine if it has gone bad.
2. “How long past the expiration date can I safely eat an item?” This depends on the item. The expiration date is normally a date designating when the product is nearing the end of its peak condition. An exception is in foods such as hotdogs and unpasteurized milk and cheeses that may harbor Listeria which can grow at refrigerator temperatures. These items it would be best to discard after the “Use by” date.
3. “Is it safer to use frozen food rather than canned food?” Both methods of preserving food are safe if done correctly. It becomes a matter of taste preference and storage space that often dictates which type of preserved food a person uses. Consumers are encouraged to freeze more food before the date on the label rather than throw it out. Freezing is more convenient and takes less time than canning.
4. “I have a can of tomato paste at home whose ends are a bit convex (bowed out). Will this be ok to use to make spaghetti?” No. A can that is bulging indicates a gas has been formed inside the can due to anaerobic bacterial activity or food decomposition. Any can that is not in good condition should be discarded. Sometimes cans that are dropped get bent but the food is still good inside. Bent cans, though, must be monitored more closely to make sure the integrity of the can and the food it contains were not compromised.

[bookmark: _Toc468113103]Activities

[bookmark: _Toc212568414]Labs and Demos

1. [bookmark: _2bn6wsx]Lab about enzymatic browning: This is a lab activity that explores the factors affecting the browning of apples—enzymatic browning. Procedure and data table printouts are included. (www.curriculumsupport.education.nsw.gov.au/secondary/science/assets/aifst/Experiments/apple_browning.pdf)
2. Caramelization Lab: This activity is written for the student to perform at home. The student will need sugar, water, a pan, a candy thermometer, and several spoons. Essentially a solution of sugar is cooked until it caramelizes. Samples of the solution are set aside and the temperature noted for each sample. The student then describes the color, texture, and taste of each sample. You could assign this as a take home lab, or it could be modified to be done in class. If done at school, the students should not be allowed to taste their product unless the lab was done in a kitchen facility with utensils that are used for food. (http://www.sciencebuddies.org/science-fair-projects/project_ideas/FoodSci_p018.shtml)
3. Another Caramelization Experiment is described by Harold McGee, in an article on the “Curious Cook” Web site. His experiments could be adapted for an interesting classroom demonstration, project, or lab. Recent research shows sugar does not have to melt before it caramelizes. He uses large sugar crystals and heats them in an oven at different temperatures to observe the color transformation. (http://www.curiouscook.com/site/2012/09/caramelization-new-science-new-possibilities.html)
4. Lab explores the difference in bacteria content in pasteurized milk and ultra-high-temperature (UHT) treated milk: “Blue’s the Clue” is designed to explore pasteurized milk and UHT milk, which have distinctly different expiration date ranges. This lab explores one reason why UHT milk can be stored unopened at room temperature for such a long time. A methylene blue indicator is added to a sample of both milks. As bacteria in the samples multiply the oxygen level decreases. In an oxygen poor environment the methylene blue becomes colorless. The rate at which the blue color disappears from the milk is directly related to the amount of bacteria present. Instructions for this lab can be found in module 3 in the Science and Our Food Supply curriculum supplement described below in “Lesson Plans”. The curriculum package can be accessed here: www.fda.gov/downloads/Food/FoodScienceResearch/ToolsMaterials/UCM430367.pdf.
5. The old standard “Blue Bottle Demo” shows the oscillating reaction of methylene blue in an alkaline glucose solution: This demonstration could be used with the “Blue’s the Clue” lab (#4 above) in Module 3 in the Science and Our Food Supply curriculum supplement. Methylene blue is added to an alkaline solution of glucose. Upon setting, the blue color disappears. When the bottle is shaken, the blue color reappears as oxygen is dissolved back into the system. This cycle can be repeated several times before the reaction is depleted. Instructions for this classroom demonstration can be found here: https://www.flinnsci.com/media/621281/91536.pdf.
[bookmark: _qsh70q]
Media

1. [bookmark: _3as4poj]Food waste, a Ted Talk video: “A Recipe for Cutting Food Waste” (14:37) by Peter Lehner addresses several aspects of the food waste problem in the U.S., including misinterpretation of date labels on food. (https://youtu.be/UwOHpWTRsbE)
2. Videos on food waste: This site provides links to four videos that address the food waste problem.
a. “Tossed Out” (28:16): a documentary that explores the food waste problem
b. ”Inside a landfill” (1:56): a description of how communities analyze what is going into their landfills and where it is coming from.
c. “Studying a family’s food waste” (3:21): One family‘s participation in a food waste study is taped.
d. “Trash to glass” (2:33): One scientist’s answer to using components found in the waste stream to make glass.
[bookmark: _1pxezwc](http://harvestpublicmedia.org/content/tossed-out)
3. [bookmark: _49x2ik5]Public service announcement on food waste: This short (1:00) public service announcement, titled “The Extraordinary Life and Time of Strawberry”, concerns preventable food waste. It follows a strawberry from farm to table to dumpster. It would make a good introduction to a discussion on food waste. (https://www.youtube.com/watch?v=WREXBUZBrS8)
4. Video on global food waste: This short (3:08) video titled “Food Matters: Food Waste How and why 40 percent of our food goes uneaten” addresses the global problem of food waste, including the part that misinterpretation of date labels plays in encouraging waste.
[bookmark: _2p2csry](https://nrdc.org/stories/food-matters-food-waste)
5. Video on food safety rules: For a fun video (3:27) that introduces the four rules of food safety, visit the kitchen of Martie Duncan, where she prepares food for her family and friends to eat while watching the Super Bowl. (https://www.foodsafety.gov/keep/events/superbowl/index.html)
6. Foodkeeper App: The Foodkeeper app can be downloaded to phones or tablets for quick information on food storage recommendations and other food safety tips. It would be a good tool to use while shopping or consulting safe storage methods once home. Information on this app with access to a sample can be found here: www.fmi.org/industry-topics/consumer-affairs/food-keeper-food-storage-database.
7. Video on solutions to food waste: “Shrinking America’s Food Waste Mountain” is a video (2:36) that addresses current congressional efforts and goals for attacking the problem of food waste. Included are two statements from Senator Blumenthal about the role congress is taking. (http://www.usatoday.com/videos/news/nation/2016/08/11/88553718/)
8. PowerPoint presentation with audio: (12:15) This PowerPoint presentation developed by the CDC presents information about food safety: www.cdc.gov/winnablebattles/101/FoodSafety/index.html.
9. Video on oxidative rancidity experiments (5:31): A food scientist performs several experiments showing environmental effects on oxidation in oils. He concludes with promoting food science as a fun career. (https://www.youtube.com/watch?v=1jhMw7Y9DI0)
10. [bookmark: _147n2zr]YouTube video comparing oxidative and hydrolytic rancidity: This blackboard lecture uses chemical formulas to illustrate the reactions of oxidative and hydrolytic rancidity. (1:16) (https://www.youtube.com/watch?v=UHbrnwRN-hc)

[bookmark: _3o7alnk]Lessons and Lesson Plans

1. [bookmark: _23ckvvd]“Science and our Food Supply”, developed by the National Science Teachers Association (NSTA) and FDA, is a supplemental curriculum consisting of 5 modules complete with lesson plans, classroom activities and inquiry labs designed for high school classrooms. There is a 45 minute video, Dr. X and the Quest for Food Safety, which is divided into 5 modules. Most of the 7 labs in the curriculum involve working with bacteria and require the use of petri dishes. In Module 3, The “Blue’s the Clue” lab uses methylene blue in samples of pasteurized milk and UHT (ultra-high temperature) milk to monitor resistance to bacterial growth to see which milk still contains bacteria. There is also an “Irradiation Web Quest” that would make a good classroom activity if technology is available. In Module 4, the 4 C’s of food safety are introduced and the corresponding labs deal with an investigation for each “C”. Module 5 concludes with an “Outbreak Investigation Case Study”. The assessment piece for the unit is a game patterned after “Who Wants to be a Millionaire” but is titled “Lose a Million Bacteria”. (www.fda.gov/downloads/Food/FoodScienceResearch/ToolsMaterials/UCM430367.pdf)
[bookmark: _ihv636](The video Dr. X and the Quest for Food Safety can be found here: http://www.fda.gov/Food/FoodScienceResearch/ToolsMaterials/ucm182117.htm)
2. “Food Recovery and its Role in Climate Change” is the focus of the lessons that can be found at the “Rock and Wrap it Up” Web site. There are two sets of lesson plans that present food recovery as it relates to poverty and to climate change. The first set of lesson plans concentrate on food recovery and the second set of plans relate to climate change. One of the activities is a mock United Nations meeting about climate change. In the first module, students are introduced to the Whole Earth Calculator, where they can turn pounds of recovered food into meals or into carbon dioxide that is not being generated at a landfill. Short videos and slide shows are available in the lesson plans. http://rockandwrapitup.org/whole-earth-calculator-with-lesson-plans/
[bookmark: _32hioqz]
Projects and Extension Activities

1. [bookmark: _1hmsyys]Students could be assigned to find date labels on food at home and report back how many different types of labels they found—“Use by”, “Best by”, “Sell by”, and even the new “Use or Freeze by”. They could record what foods carried the different labels. For foods they encounter that have passed the expiration date students could research the safe shelf life of the item using the Foodkeeper App that can be found here: https://www.foodsafety.gov/keep/foodkeeperapp/index.html.
2. Food Rescue Network: Students can get involved in creating solutions to the food waste problem at their school. They may choose to work on this as a club activity or personal or class project. The “Food Rescue” Web site provides students with sample letters, emails, and a protocol for starting a food rescue program. Lots of resources are available to give the students guidance. The program is based out of Indiana but has participating schools from other states. (http://foodrescue.net/)
3. U.S. Food Waste Challenge: At this site you can enroll students to participate in the U.S. Food Waste Challenge, a program issued by the USDA that challenges students to tackle the food waste problem in their schools. The class fills out and submits online a short form indicating the activities they want to undertake to reduce food waste at their school. (www.usda.gov/oce/foodwaste/join.htm)



[bookmark: _Toc468113104]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 directly under the ChemMattersonline 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, “ChemMattersonline”.
30 Years of ChemMatters !
Available Now!

[bookmark: _Toc212568415]
	Tinnesand, M. The Big Reveal: What’s Behind Nutrition Labels? ChemMatters, 2012, 30 (4) pp 6–8. This article discusses nutrition labels on food and explains the different tests that are run to establish the values present on the labels. This might be used to tie into the testing of foods that needs to be done to determine how the nutrient value of the food changes with time.

	Husband, T. Two Is Better Than One. ChemMatters, 2012, 30 (4), pp 9–11. This article specifically addresses the Maillard reaction in non-enzymatic browning. It would make a nice supplement to the article if food chemistry is discussed.

Warmflash, D. Double, Double Oil and Trouble. ChemMatters, 2015, 33 (4), pp 16–17. This article is about fats in the diet. Saturated and unsaturated fats are discussed. This could be used to enhance the discussion of the rancidification reaction mentioned in the Wetterschneider date labels article.

Porterfield, A. Antioxidants Go the Extra Mile. ChemMatters, 2016, 34 (2), pp 14–15. The article contains extra information on flavonoids and some other polyphenol compounds in foods. Oxidation and reduction reactions are covered more in depth

	The April 2016 Teacher’s Guide that accompanies the Porterfield article above provides considerable chemistry background material about polyphenolic compounds and oxidation. There is a Vitamin C lab that could be used here also.
____________________

	McGee, H. The Curious Cook; North Point Press: San Francisco, 1990; pp 56–73. In chapter 8, titled The Green and the Brown, Harold McGee discusses enzymatic browning. He relays his quest for the perfect green color in salads, guacamole, and pesto. He approaches the problem with the tools of a scientist using all the parts of the scientific method that students are taught. His experiments could be used for inquiry in the classroom. This book is out of print but if you can find a copy of it, it is an excellent resource for explaining the chemistry of food.

[bookmark: _Toc468113105]Web Sites for Additional Information (Web-based information sources)

Expiration date labels

	This site contains more information on date labels, as well as time lines for how long specific foods should be kept after they are purchased. It also contains food safety tips.
[bookmark: _41mghml](www.webmd.com/a-to-z-guides/features/do-food-expiration-dates-matter)

[bookmark: _2grqrue]This site also contains more information on date labels, as well as lists for how long certain foods can be kept after they are purchased, if students want to look up specific food items. (www.fsis.usda.gov/wps/portal/fsis/topics/food-safety-education/get-answers/food-safety-fact-sheets/food-labeling/food-product-dating/)

[bookmark: _vx1227]This is a short article concerning food labels and how they can be interpreted. It underscores the need for the general population to understand the meaning of the labels so they do not dispose of food that is still safe to eat. (www.consumerreports.org/cro/magazine/2015/10/is-expired-food-safe-to-eat/index.htm)

Food safety

[bookmark: _3fwokq0]	This site can be used for finding additional information about the most recent food recalls, the Foodkeeper App, safety guidelines, and food poisoning information: www.FoodSafety.gov.

[bookmark: _1v1yuxt]	This is an index to several articles that cover food safety. It would be a good site to give students who have additional questions about the foods they eat. (http://www.consumerreports.org/cro/health/food-safety-and-sustainability-guide/index.htm)

Education materials including an activity book on safe food handling and a crossword puzzle as a recap activity can be found here. They are geared to middle school or upper elementary but may be able to be adapted. Facts sheets and additional information on food product dating can also be found on this site. (http://www.fsis.usda.gov/wps/portal/fsis/topics/food-safety-education)

[bookmark: _4f1mdlm]This site is good for infographics about food safety that you can print and display in your room: https://www.cdc.gov/vitalsigns/FoodSafety/infographic.html.

Food safety and the “5-second rule”

	The report of the research concerning the reality of the “5-second rule”, as conducted by food scientists at Rutgers University, can be found in its entirety in this article accepted by Applied and Environmental Microbiology in September 2016 for publication. This would be good for students to read and note the experimental design and to learn how research is reported. (http://aem.asm.org/content/early/2016/08/15/AEM.0183816.full.pdf+html?ijkey=FLERGaGuAW0EM&keytype=ref&siteid=asmjournals)

	A short article about the Rutgers research and its findings is reported in the September 12, 2016 issue of Food Safety Magazine. The link to this article is www.foodsafetymagazine.com/news/the-5-second-rule-is-bogus-say-rutgers-researchers.

Food poisoning

“The Burger that Shattered Her Life”, an article from a 2009 issue of The New York Times, is a gripping, real life example of the devastating effects of food poisoning. A young dance instructor was sickened with a virulent strain of E.coli that was eventually traced to a package of hamburger patties purchased at Sam’s Club. The young girl suffered seizures and was left a paraplegic after her battle with food poisoning. This story could be used as a hook to get students to respect safe food handling procedures.
[bookmark: _2u6wntf](http://www.nytimes.com/2009/10/04/health/04meat.html?pagewanted=1&_r=1)

[bookmark: _19c6y18]The Bad Bug Book is a handbook of bacteria and other organisms that cause foodborne illness. A different organism is featured in each chapter. It would be a good resource for that student who wanted to learn more about the organisms that cause food poisoning. (www.fda.gov/downloads/Food/FoodborneillnessContaminants/UCM297627.pdf)

This is site especially for teens where students can find out everything they may want to know about food poisoning. You can also select Spanish text if you have a high population of English Language Learners in your class.
[bookmark: _3tbugp1](www.kidshealth.org/en/teens/food-poisoning.html?WT.ac=t-ra)

Food waste

	Food waste and labels

	This would be a good site to visit for best storage practices of specific foods. Students who wanted to check on how to store their favorite food would find it by using the site’s search function. (www.stilltasty.com)

[bookmark: _28h4qwu]If you would like to read the full NRDC report on dating labels and food waste, it can be found here: https://nrdc.org/sites/default/files/dating-game-report.pdf. A short synopsis of the report can be found here: https://www.nrdc.org/resources/dating-game-how-confusing-food-date-labels-lead-food-waste-america.

[bookmark: _nmf14n]	This is the NRDC home site for food waste issues. It is a good place to find out all that the NRDC is doing concerning this issue. There are also links to other sites with information on this issue. (https://nrdc.org/issues/food-waste)

	 Food waste reduction

[bookmark: _37m2jsg]	This site provides statistics on the amount of food that is wasted each year. It is also the site of the public service video titled, “Life of Strawberry”. (www.SaveTheFood.com)

[bookmark: _1mrcu09]A June 25, 2016 article in U.S.A. Today about a small town in Japan that has established the goal of zero waste by 2020 can be found at this site. By contrast, the U.S. goal is to reduce waste by 50% by 2030. Students can read how this Japanese town is reaching their goal. (http://www.usatoday.com/story/news/world/2016/06/24/shikoku-town-basks-limelight-moves-toward-zero-waste-target/86174300/)

[bookmark: _46r0co2]If you would like your students to read more about food waste from a news source, this would be a good article to assign. It is about the amount of foods Americans throw out each year. (https://www.washingtonpost.com/news/wonk/wp/2014/09/23/americans-throw-out-more-food-than-plastic-paper-metal-or-glass/)

Food waste and labeling legislation

[bookmark: _2lwamvv]	This is a May 2016 press release from the NRDC that updates the status of food waste legislation: https://www.nrdc.org/media/2016/160518.

A summary of the Food Recovery Act that is currently (fall 2016) in congress can be found here: https://pingree.house.gov/foodwaste/billsummary.

Enzymatic and non-enzymatic browning

	 More information on enzymatic browning can be found here:
ww.food-info.net/uk/colour/enzymaticbrowning.htm.

	Harold McGee, author and chemist, explains his recent experiments with caramelizing sugar in this article. His experiments could be adapted for an interesting classroom project or lab. Recent research shows sugar does not have to melt before it caramelizes. (http://www.curiouscook.com/site/2012/09/caramelization-new-science-new-possibilities.html)

This site contains considerable information on caramelization with a link to another non-enzymatic browning reaction, the Maillard reaction.
[bookmark: _3l18frh](https://en.wikipedia.org/wiki/caramelization)

[bookmark: _206ipza]	The history behind the Maillard reaction, as well as its explanation, can be found at this site: www.scienceofcooking.com/maillard_reaction.htm.

This slide show describes in depth the various reactions that occur when foods are changed by the Maillard reaction: http://www.slideserve.com/barbra/flavor-compounds-formation-by-maillard-reaction.

Rancidification

[bookmark: _cwcbv1ypejqd]	This site contains information that compares oxidative and hydrolytic rancidity and the storage requirements for fats to prevent these reactions from occurring. (http://www.gcca.org/wp-content/uploads/2012/09/RancidityAntioxidants.pdf)
[bookmark: _9c65vafs7271]
[bookmark: _h0j0i2xhzl71]The science of oxidation in fats and the safety of eating the newly oxidized products is presented in this blog post by a food scientist at Nordic Food Lab. The reactions involved in rancidification are thoroughly explained and outlined. The project the scientist is working on concerns whether the rancidification reaction can be used to produce rancid butter with a desirable flavor so that it can be used as a new product.
[bookmark: _uoo5ohjtkue5](http://nordicfoodlab.org/blog/2016/1/29/aged-butter-part-2-the-science-of-rancidity)


[bookmark: _Toc468113106]E-Cycling: Why Recycling Electronics Matters
[bookmark: _Toc468113107]Background Information (teacher information)

E-waste

	What is E-waste?

	E-waste is short for electronic waste. It is any electronic device that has been discarded by its owner because it is outdated or obsolete. E-waste includes computers, mobile phones, tablets, and televisions. There is not a clear definition for e-waste. There is some discussion over whether electrical appliances, such as microwaves and refrigerators, should be grouped into this category.

E-waste contains hazardous substances, so it cannot be thrown in the trash. Each state determines how electronic waste should be handled. Most states do not allow electronic waste in landfills and it must be sent to an e-waste recycler. The amount of e-waste is growing because, as we desire more and better technology, the lifespan of our devices is getting shorter. Companies answer this demand by updating and improving devices and equipment quicker than ever before. The United States produces more e-waste annually than any other country. The following data was compiled by Electronic TakeBack Coalition from Environmental Protection Agency (EPA) data.

[image: ewaste bar chart 5.1]

EPA data from “Municipal Solid Waste Generation, Recycling and Disposal in the United States, 2012 ,” Feb 2014; These EPA numbers are for “selected consumer electronics” which include products such as TVs, VCRs, DVD players, video cameras, stereo systems, telephones, and computer equipment.

(http://www.electronicstakeback.com/wp-content/uploads/Facts_and_Figures_on_EWaste_and_Recycling.pdf)

Problems with E-waste

	E-waste creates both environmental and health problems. According to the EPA, electronic waste is the fastest growing municipal waste stream in the United States. The United Nations reports that 20–50 million metric tons of e-waste are discarded every year. Although this makes up only 2% of the trash in US landfills, it produces 70% of the overall toxic waste.

Only about 12.5% of the electronic waste is recycled worldwide. These products are not easy to recycle, since the safe recycling may cost more than the materials are worth. In order to evaluate the recycling process, two things must be considered. What is the value of the raw materials in the electronic device, and how difficult is the process to recover them? Since the first step is to disassemble the device, the easier that process is, the more likely it is to be worthwhile. As devices get smaller and lighter, this becomes more of a problem, because they can be difficult to take apart. To make the devices smaller and lighter, companies turn to glue and adhesives, instead of mechanical parts such as screws. All the glue must be removed before any recyclable material can be melted down. Other things that can make a device non-profitable to recycle include using non-standard screws, hazardous materials, large amount of glass and plastics, and waterproofing.

Unfortunately many electronics recyclers do not actually recycle the devices themselves. Instead they sell old electronics to exporting waste companies that send them overseas to developing countries for dismantling and recycling under horrid conditions. In these countries the wages are extremely low and the health, safety and environmental laws and their enforcement are very weak.

One of the best known and world’s largest electronic waste sites is the town of Guiyu in the providence of Guangdong, China. At its peak, tens of thousands of people worked in about 5,000 workshops processing 15,000 tons of electronic waste daily. Most of the workshops are poorly ventilated and the workers use little protective equipment as they pry open electronics with their bare hands, extract chips from circuit boards, grind plastic computer cases into particles and dip circuit boards in acid baths to dissolve precious metals. This work often takes place near the streets. Large amounts of pollutants, such as heavy metals and dioxin, are released, resulting in ground water and surface water contamination and atmospheric pollution. The health of the residents is affected. Eighty-two percent of the children have dangerously high blood-lead levels, which can impact the development of their central nervous system. In addition, there is a high incidence of skin damage, headaches, vertigo, nausea, chronic gastritis and ulcers among those recycling electronics.“Cooking” of circuit boards.

(http://www.electronicstakeback.com/global-e-waste-dumping/img_0244/)


Unfortunately Guiyu, China is not the only such site for dumping of E-waste. There are many sites worldwide in countries such as India, Ghana and Nigeria.
Child sorting through e-waste in his home

(http://www.occupyforanimals.net/electronic-waste--the-truth.html)


	Only a small amount of E-waste is recycled. The rest either ends up in a landfill or is incinerated. According to the Electronic TakeBack Coalition:

While recycling is increasing, according to the EPA, currently about 60% of discarded electronics end up in the trash. While many states are passing laws to prevent e-waste from going into their landfills and incinerators, it’s still legal to trash electronics in many states. This is problematic because the hazardous chemicals in them could leach out of landfills into groundwater and streams. Burning the plastics in electronics can emit dioxin. Out of 3.14 [million] tons of e-waste generated in the U.S. in 2013, 1.87 million tons went into landfills and incinerators (60%) and only 1.27 million tons (40%) was recovered for recycling.

(http://www.electronicstakeback.com/designed-for-the-dump/e-waste-in-landfills/)

	Recycling of E-waste

	Recycling of electronics by certified recyclers is not only good for the environment and our health, it can also be profitable. Each day approximately 350,000 cell phones are discarded, which translates to 128 million cell phones discarded each year. And yet by recycling 1 million cell phones, 35,000 pounds of copper, 772 pounds of silver, 75 pounds of gold and 33 pounds of palladium could be recovered. It is estimated that Americans trash $60 million dollars’ worth of gold and silver with their phones. Recycling e-waste also preserves our natural resources. Electronic waste can be more valuable than mining ore, since one ton of circuit boards contains between 40–800 times more gold than one ton of ore. (Most of these facts came from http://earth911.com/eco-tech/20-e-waste-facts/ and were verified for reliability.)

You may wonder, why isn’t recycling e-waste “the norm”—why isn’t it done on a larger scale? Although recycling e-waste preserves natural resources and can be lucrative, it is highly labor intensive. The process used by certified recyclers varies slightly but generally follows the same basic steps.Dismantling and sorting electronic waste

(http://www.seas.columbia.edu/earth/wtert/sofos/Namias_Thesis_07-08-13.pdf)


1. Picking.

The electronic waste devices are manually sorted and batteries are removed.

2. Disassembly.

This process is seriously labor intensive. It requires the manual dismantling of the devices to recover and sort the various materials and components. The materials are separated into parts that can be reused and those that will be recycled. At this point the circuit board and microprocessors are frequently separated and sent to a separate recycler.

3. Initial Size Reduction

Items that cannot be dismantled efficiently are shredded with the other dismantled parts into pieces that are about 5 centimeters (2 inches) in diameter.

4. Secondary Size Reduction

The waste at this point is spread out by an automatic shaking process on the conveyor belt. It then goes through a second shredder that produces poker chip size fragments that are optimal for the separation process.Over-band Magnet

(http://www.jkmagnetics.com/overband.html)



5. Over-band Magnet

The fragments pass under a large magnet that removes the steel and iron fragments. These are sold to metal recyclers to produce new steel.

6. Nonmetallic and Metallic Component separation—Eddy Current Separator

At this stage the metals are separated from the nonmetallic materials. This is done commonly using an eddy current separator. The principle behind this separation process is given here:

The principle is that an electrical charge is induced into a conductor by changes in magnetic flux cutting through it. Such changes in magnetic flux can be achieved by moving permanent magnets past a conductor. The effect of these currents is to induce a secondary magnetic field around the particle; this field reacts with the magnetic field of the rotor, resulting in a combined driving and repelling force which literally ejects the conducting particle from the product stream.Eddy Current Separator

(http://www.cogelme.com/eng/e-eddy-current-metal-separator-pictures.htm)


(http://www3.uninsubria.it/uninsubria/allegati/pagine/6484/Ed.pdf)

	These metals are then sold as raw materials.

7. Water Separation

In the final step used by many recyclers, plastics are separated from glass using water. In this process the glass is denser and sinks, while the plastic floats.
(http://www.conserve-energy-future.com/e-waste-recycling-process.php)

The bulk of the copper, silver and gold in electronic waste comes from circuit boards and microprocessors. The circuit boards contain all three while the microprocessors only contain gold. The copper, silver and gold are stripped from the circuit boards, melted down and formed into plates. Through a series of electrolysis processes, the metals are separated and purified (see electrolysis section below). Since the microprocessors generally only contains gold, it is easier to recover it from these than from the circuit boards. The microprocessors are placed in a vat of aqua regia, where the gold is converted to AuCl4¯ and dissolves in the solution. The gold is then recovered using either electrolysis or a sacrificial metal such as zinc.

Electrolysis
A typical electrolysis apparatus

(http://www.bbc.co.uk/schools/gcsebitesize/science/add_gateway_pre_2011/periodictable/electrolysisrev1.shtml)

	Electrolysis is the process of using electrical energy to cause a chemical reaction to occur. Electrolysis occurs in an electrolytic cell, which consists of two electrodes and a molten salt or an electrolyte solution (one that conducts electricity). The molten salt or the electrolyte consist of ions that are free to move. A battery or other voltage source is attached across the two electrodes.

The battery serves as an electron pump drawing electrons in at the positive electrode and forcing them out at the negative electrode. The positive ions (anions) move to the negative electrode, where they gain these electrons and are reduced. This electrode is the cathode, which is the electrode where reduction occurs. The electrons that enter the battery at its positive terminal must be obtained from negative ions (cations) in the electrolyte. The negative ions lose their electrons and are oxidized. This electrode is the anode.

	The electrolysis of molten ionic compounds such as sodium chloride produces two elements. The electrolysis of sodium chloride produces sodium at the cathode and chlorine gas at the anode.



	Cathode:	Na+ (l)  +  1e–    Na (s)
Short metal reactivity series

(http://www.bbc.co.uk/education/guides/zk96fg8/revision/3)

	Anode:	2Cl– (l)    Cl2 (g)  +  2e–

Using electrolytes (aqueous solutions of ionic compounds) instead of molten salts makes predicting the products a little more difficult. This is because water in the solutions can produce hydrogen ions, H+, and hydroxide ions, OH–, as well as the ions from the salt. The metal ions and hydrogen ions will be competing to be reduced. If the metal ion is less reactive than the hydrogen ion, the metal will be produced. Shown at right is a short metal reactivity series. If sodium chloride is dissolved in water the sodium metal is more reactive, so the hydrogen ion is reduced, forming hydrogen gas. If copper (II) ions are in solution, they are less reactive than the hydrogen, so copper will be produced at the cathode.

	Applications of Electrolysis

	The production of aluminum requires the use of electrolysis. Aluminum is one of the most abundant elements but, because it is very reactive, it is found in nature as its oxide, Al2O3, in an ore called bauxite. Aqueous solutions of aluminum ions could not be used because they are more reactive than hydrogen. In order to melt bauxite requires a temperature of 2050 oC, which is not practical. A mixture of bauxite and cyrolite, Na3AlF6, melts at 1000 oC. This mixture can then be used to obtain aluminum metal electrolytically. It is believed that the mixture reacts as follow:

Al2O3  +  4 AlF63–    3 Al2OF62–  +  6 F–

The electrolysis reactions are thought to be:

Cathode:	AlF63–   +  3 e–    Al  +  6 F–

Anode:	2 Al2OF62–  +  12 F–  +  C    4 AlF63–  +  CO2  +  4 e–

This electrolysis process produces aluminum that is 99.5% pure. The schematic diagram below shows the electrolytic cell typically used to produce aluminum.
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(http://spmchemistry.onlinetuition.com.my/2013/10/industrial-applications-of-electrolysis_4966.html)

	Electroplating is an electrolytic process for producing a thin and firm layer of metal onto a surface. The purposes of the plating include appearance, protection, special surface properties and engineering or mechanical properties. The substance to be plated is the cathode, and the anode is the metal to be deposited. The electrolyte is the metal salt in the electrolytic cell. The schematic below shows the electroplating of silver. The silver ions, Ag+, are attracted to the cathode (on the right) where the silver metal is plated out. Silver metal is the anode (on the left).Electroplating of silver by electrolysis

(http://chemwiki.ucdavis.edu/Core/Analytical_Chemistry/Electrochemistry/Electrolytic_Cells/Electroplating)




	Purification of metal is another important application of electrolysis. The impure metal serves as the anode and thin sheets of the pure metal form the cathode. The electrolyte is a solution of the metal salt. As the electric current is applied, the impure metal in the anode is oxidized, dissolved into the electrolyte and then is reduced at the cathode.

[image: http://4.bp.blogspot.com/-uSDsEkrPuEA/TgyalqI7D-I/AAAAAAAAAls/W3U99uk5aKc/s400/Metallurgy_clip_image001_0001.gif]In the purification of copper, the cathode is a strip of pure copper. The anode is a block of impure copper. A solution of its metal salt (CuSO4) is used as the electrolyte in the electrolytic cell.

At anode, copper anode is oxidized and dissolved to form Cu2+ ions.

	Cu (s)  →  Cu2+ (aq)  +  2 e–

At cathode, Cu2+ ions are preferentially reduced than water molecules due to its more positive Eo value.

	Cu2+ (aq)  +  2 e–  →  Cu (s)
(http://look4chemistry.blogspot.com/2011/12/applications-of-electrolysis.html)




(http://look4chemistry.blogspot.com/2011/12/applications-of-electrolysis.html)

	The metals (copper, silver and gold) from the circuit boards are purified by electrorefining. This mixture of metals is melted and formed into plates. Then through a series of electrolysis processes the metals are separated. The first electrolytic reaction purifies the copper, since it is the most reactive (see diagram above). The impure (combined) metal plate is the anode and a pure copper plate is the anode, with copper (II) sulfate serving as the electrolyte. The copper atoms at the anode are oxidized, dissolved in the electrolyte and then reduced at the cathode.

After this process the silver and gold remain. The silver and the gold plate is then placed in a second electrolytic cell where it is the anode and either a silver or an inert metal is used as the cathode. The electrolyte is usually nitric acid. Silver is oxidized to silver ions at the anode. The silver ions are attracted to the cathode where they are reduced and adhere to this electrode. At the end of this process the anode is relatively pure gold.

Heavy metals

	The term heavy metal generally refers to metals or metal compounds that have a high density, atomic weight or atomic number and are toxic. However, in the sixty-plus years that the term has been used, no authoritative body has ever defined it. According to a technical report by the International Union of Pure and Applied Chemistry (IUPAC):

No relationship can be found between density (specific gravity) and any of the various physicochemical concepts that have been used to define “heavy metals” and the toxicity or ecotoxicity attributed to “heavy metals”.

Understanding bioavailability is the key to assessment of the potential toxicity of metallic elements and their compounds. Bioavailability depends on biological parameters and on the physicochemical properties of metallic elements, their ions, and their compounds. These in turn depend upon the atomic structure of the metallic elements, which is systematically described by the periodic table. Thus, any classification of the metallic elements to be used in scientifically based legislation must itself be based on the periodic table or some subdivision of it.

(http://iupac.org/publications/pac/pdf/2002/pdf/7405x0793.pdf)

A striking example of the confusion with the term “heavy metal” can be seen with the metals cadmium and gold. Cadmium metal is toxic and considered a heavy metal. It has an atomic number of 48 and a density of 8.65 g/mL. Metallic gold is not considered toxic, but its atomic number is 79 and its density is 18.88 g/mL.

	Toxic metals which are generally considered heavy metals include mercury, cadmium, and lead. Arsenic is a metalloid which presents significant potential for adverse health outcomes. These elements are dangerous because they tend to bioaccumulate. Bioaccumulation is the increase in the concentration of a chemical in a biological organism over time, when compared to the chemical’s concentration in its environment. The following is a brief summary of some of the uses, sources of exposure, and health effects of the metals.

	Element
	Uses 
	Sources of Exposure
	Health Effects

	Mercury
	· Thermometers
· Barometers
· Chloro-alkali industry to produce chlorine
· Dental amalgams
· Batteries
· Paint pigments
	· Eating of fish contaminated with Hg
· Combustion of coal in power plants and industries
· Recycling of mercury containing waste
	Inorganic Hg (tends to be reversible)
· Liver damage
· Tremors
· Anxiety
· Sleep disturbance
Organic Hg (nonreversible)
· Nervous system damage
· Kidney damage


	Cadmium
	· Nickel-Cadmium rechargeable batteries
· Alloys
· Electroplating coatings
· Solar Cells
· Plastic stabilizers
· Pigments
· Neutron absorbers in nuclear reactors
	· Industrial workers in manufacturing of cadmium containing products
· Landfill workers and those recycling electronic parts
· Inhalation of cigarette smoke
· Food grown in Cd contaminated soil


	· Highly toxic
· Carcinogenic
· Cadmium disrupts zinc metabolism due to its similar properties
· Renal dysfunction






	Lead
	· Lead storage batteries
· Lead alloys used in ammunition, pipes, solder, and fishing weights
· Paint
	· Inhalation from lead dust and fumes at a work sites such as mines, smelters, or glass production
· Ingestion of lead paint
· Drinking of contaminated water from lead pipes

	· Neurological effects
· Anemia
· Kidney disease
· Disrupts calcium metabolism
· Displaces magnesium and iron from certain enzymes that construct the building blocks of DNA.
· Disrupts the activity of zinc in the synthesis of heme in red blood cells




	Treatment of Toxic (Heavy) Metal Poisoning

	Mercury, cadmium, lead and arsenic serve no function in the human body. As stated in the Scientific World Journal,

Cadmium, lead, and mercury have no essential biochemical roles, but exert diverse, severe toxicities in multiple organ systems as they bind in tissues, create oxidative stress, affect endocrine function, block aquaporins, and interfere with functions of essential cations such as magnesium and zinc. Toxic metals pose particular risks to the very young, as exposures early in life compromise development, with lifelong physical, intellectual, and behavioural impairments. In adults, major chronic diseases, including cardiovascular and renal disease, and neurological decline, are also strongly associated with toxic elements. The International Agency for Research on Cancer (IARC) classifies cadmium as a known carcinogen, inorganic lead a probable carcinogen, and methylmercury a possible carcinogen.

(http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3654245/)

	The first step in reducing the effects of heavy metal poisoning is to eliminate the source of the metal poisoning. Chelation therapy is the common medical procedure used to eliminate the toxic metals from the body.

“Chelation,” from “chelos” the Greek word for claw, involves the incorporation of a mineral ion or cation into a complex ring structure by an organic molecule, the chelating agent. Typically, electron-donor atoms on the chelating molecule include sulfur, nitrogen, and/or oxygen.

The strength of the chemical bonds within coordination complexes that are formed between chelators and metal ions depends upon the elements involved and details of the stereochemistry. With a variety of metal ions that could bind competitively with the chelator (e.g., calcium, magnesium, zinc, copper, manganese, and other metals, that typically exceed concentrations of toxic elements), the identity of the metal predominately bound by a chelating agent depends both upon accessibility of the chelator to the tissues, how strongly the metal is already bound in the tissues, how strongly the metal binds to the chelator, and to some extent the relative quantities of various ions. Chelators have the effect of mobilizing metals from tissues and maintaining the chelate moiety during circulation to the kidneys for excretion in the urine, and to the liver for excretion in the bile. There are significant concerns related to enterohepatic recirculation and reabsorption in the kidney.

(http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3654245/)

Chelation therapy usually involves an intravenous injection of a chelating agent, although there are oral treatments as well. The chelating agent used will depend on the toxic metal needed to be removed. Calcium disodium ethylenediaminetetraacetate CaNa2EDTA, is an ester derived from the synthetic amino acid ethylenediaminetetraacetic acid. It is commonly used as a chelating agent. It is particularly good at chelating cadmium and lead and, to a lesser extent, mercury. The calcium salt of EDTA is most commonly used, since it does not deplete the body of calcium, which is a side effect of some chelating agents.
(https://innovativemedicine.com/chelation-therapy/)
CaNa2EDTA

(https://www.drugs.com/drp/edetate-
calcium-disodium.html)


The diagram below shows the chemical reaction involving chelation of lead by CaNa2EDTA.
Chelating reaction of EDTA with lead

(https://o.quizlet.com/-d99l0IFfvv3q0RApWdbrg.png)



DMPS

(https://en.wikipedia.org/wiki/2,3-Dimercapto-1-propanesulfonic_acid)

DMPS, 2,3-dimercapto-1-propanesulfonic acid, is an intravenous chelating agent used for mercury detoxification.
It is also affective in chelating arsenic.

An oral chelating agent commonly used to treat mild to moderate lead poisoning is dimercaptosuccinic acid, DMSA, or succimer. It is also used for mercury and arsenic poisoning. The side effects of this chelating agent are less severe than with the other agents.

[image: http://www.chemistry.wustl.edu/~coursedev/Online%20tutorials/Quizzes/chemforms/DMSAchelate.gif]

(http://www.chemistry.wustl.edu/~coursedev/Online%20tutorials/Quizzes/chemformquiz.htm)

[bookmark: _Toc468113108]Connections to Chemistry Concepts (for correlation to course curriculum)

1. Physical and chemical properties—Descriptions of a variety of metals including lead, mercury, cadmium, silver and gold, aid in understanding the properties of these elements and how their properties make them useful in the everyday world.
2. Separation of mixtures—The description of how electronic waste is recycled provides an excellent real world example of how mixtures are separated into their components using the chemical and physical properties of each component.
3. Oxidation and reduction—The process of recovering silver and gold are described using oxidation and reduction reactions. These serve as excellent examples of the importance of redox reactions.
4. Electrolysis—The article briefly describes the process of electrolysis used to purify the silver and gold from electronic waste.
5. Heavy metals—E-waste is loaded with toxic or heavy metals. The article does define the terms, as well as introducing some of the hazards with these elements.
6. Periodicity—The article discusses several metals. It can be pointed out that several of the metals are in the same family (cadmium and mercury, silver and gold) with similar properties, and most are considered transition elements.
7. Toxicity—The hazards of lead, mercury and cadmium are described in this article. It also mentions the dangers to the environment when these elements are placed in a landfill.
8. Sustainability—Recycling e-waste preserves natural, valuable and precious resources that are scarce and limited in their availability.

[bookmark: _Toc468113109]Possible Student Misconceptions (to aid teacher in addressing misconceptions)

1. “I thought I could throw anything in the trash.” The regulations for what is allowed in a landfill are suggested by the Environmental Protection Agency (EPA), but are actually written and passed by each state. The EPA has defined universal wastes as a category of hazardous waste that is commonly generated. The federal universal waste regulations apply to four types of waste: batteries, pesticides, mercury-containing equipment, and mercury lamps. Each state can decide what they will regulate as universal wastes, so it is important to know what your state will allow in a landfill. To determine what your state considers universal waste, banned from landfills, go to this site: https://www.epa.gov/hw/us-state-universal-waste-programs. Items that are considered toxic and should not be placed in the trash include motor oil, electronics, oil-based paint, batteries, fluorescent light bulbs, smoke detectors and mercury thermometers.
2. “Electrolysis of metals is the same as electrolysis of hair.” The only similarity between the two is that they both use a source of electricity. In the electrolysis of metals, a current is passed through the solution to cause an oxidation-reduction reaction to occur. In the electrolysis of hair a needle is place into an individual hair follicle. A low-level electrical energy pulse is sent into the follicle to destroy it.
3. “The only reason to recycle e-waste is to prevent contamination of the soil and water with toxic metals.” Recycling of e-waste does remove toxic metals from the environment, which is important, but it also has many other advantages. By recycling electronics we are recovering and conserving many natural resources such as silver, gold, mercury, platinum, copper and iron. They are considered precious and valuable because they are limited in supply and are used in a wide variety of materials. Recycling electronics saves approximately 70% of the energy needed to mine and produce these materials. In addition recycling e-waste saves landfill space.
4. “If gold and silver are components of e-waste, I should be able to make lots of money by recycling it, right?” Although there is gold and silver in computers and cell phones, the amount in a single item would not be profitable for an individual to recycle. For example, a typical cell phone contains 0.034 g of gold worth about $1.82 and 0.35 g of silver worth $0.36. More significantly, the materials required to extract these metals from the e-waste are highly toxic, hazardous and would require special safety equipment to insure your safety.

[bookmark: _Toc468113110]Anticipating Student Questions (answers to questions students might ask in class)

1. “Is my old television a hazardous waste?” Old televisions (like many old computer monitors) were cathode ray tube (CRT) devices. CRTs are generally considered hazardous waste under the Resource Conservation and Recovery Act. A CRT contains 5–7 pounds of lead in the glass. They also contain cadmium, silver, gold as well as other heavy metals and toxic materials. Most landfills will not take CRTs for that reason.
2. “Why does the glass in CRTs have so much lead?” There are two reasons lead was added to glass for CRTs. By adding lead to glass the optical quality of the glass is improved, making the image sharper. It also acts as a shield against radiation created by the electron beam inside the CRT, keeping it from penetrating the glass and exposing the viewer to radiation.
3. “Isn’t leaded added to glass to make ‘crystal’?” According to Sheffield Assay Office:
Lead crystal glass is one of the four main categories of glass primarily used for decorative purposes. It becomes ‘lead’ glass when lead oxide is added during the manufacturing stage to replace calcium oxide. The lead is added as it reduces the temperature of the molten material to allow for increased ‘work time’ with the glass. The addition of lead also provides an improved look to the finished product through increasing the refractive index and density of the glass, making it a clearer, less flawed substance. The term ‘crystal’ is misleading as there is no crystal structure within the glass as it is an amorphous solid, meaning that the arrangement of the elements in glass is variable and held together by tight chemical bonds.
(http://www.assayoffice.co.uk/latest-news-and-press/lead-crystal-glass-factsheet)
4. “Do all recycling businesses handle electronic wastes responsibly?” Not every electronic recycler is actually recycling your electronics. It is estimated that 70–80% of the electronic waste that is reportedly recycled is sent to developing countries such as Ghana, India and China. In these countries the workers, who are often children, take apart the waste without any protective equipment or safety measures. As a result they breathe in toxic materials to recover the silver, gold and other precious metals. Make sure you find a certified recycler. In the United States there are two certification groups: e-Stewards and Responsible Recycling (R2). (http://e-stewards.org/ and http://www.responsiblerecycling.org/)
5. “Our family has several old computers. How do we find a reliable place to recycle them?” The first thing you need to do is to make sure you erase all your data from the hard drive. This takes more than just deleting files. To cleanse your hard drive you can use software that overwrites your data. There are some that are available as free downloads. Once that is done you can find a reliable recycler near you by going to this Web site: http://e-stewards.org/find-a-recycler/.
6. “Can we recycle e-waste in class as a laboratory activity?” It would be fascinating to be able to actually recycle e-waste in a laboratory activity. Unfortunately there are too many hazardous materials in electronic waste that we are not equipped to handle. It also requires the use of concentrated strong acids that are too dangerous for a laboratory activity. The best we can do is to watch a video that shows the entire process, or find a local recycling operation that handles e-waste and see if a field trip could be arranged.

[bookmark: _Toc468113111]Activities

Labs and Demos

1. Wet lab—simple electrolysis of potassium iodide: Students can investigate the electrolysis reaction, using an electrolytic cell consisting of a 9-volt battery as the energy source, a petri dish as the reaction vessel and pencil leads as the electrodes. An excellent description of the lab can be found at this Flinn Scientific site: https://www.flinnsci.com/media/620463/91208.pdf.
2. Electroplating a brass key with copper: Students can further study electrolysis by electroplating a common object such as a nail, key or coin. In this electrolysis process, the electrodes not only conduct the current; one electrode is coated with the metal of the other electrode. There are many such labs described on the Internet. This site serves as a good example of such a lab: http://www.hometrainingtools.com/a/electroplating-science-project.
3. Laboratory experiment for electroplating on a small scale: A small scale electroplating lab can be done in a well plate using pencil leads to minimize the amount of chemicals required. This site provides such a laboratory experiment: http://www.flinnsci.com/media/621156/91454.pdf.
4. A laboratory investigating the metal reactivity series: Using several metals and the solutions of the metal salts, students can investigate their relative reactivity. There is a variety of these investigations available. At the following site a small scale procedure for such a lab is available: http://dwb5.unl.edu/CHEM/SmallScale/SmallScale-024.html.

Simulations

1. Electrolysis of aqueous solutions: This simulation shows, on both a macroscale and a molecular scale, what happens when a solution of sodium sulfate undergoes electrolysis. (http://www.factmonster.com/chemistry/simlab/electrolpt1.html)
2. Interactive video: This interactive video explains electrolysis using molecular view drawings and clever analogies. It also explains the uses of electrolysis to purify copper. (http://www.bbc.co.uk/education/guides/zk96fg8/activity)

Media

1. The process of recycling computers: The How It Works video “Computer Recycling” (5:55) shows the actual process of recycling computers, with a detailed explanation of each step of the process. It is filmed in an actual recycling plant and explains the chemistry of each process. (https://www.youtube.com/watch?v=zU62hh3DBfg)
2. The recycling of E-waste: This short video, “How to Recycle Electronics” (2:40), is a commercial video prepared by Sims Recycling Solutions. It not only shows video of their recycling operations but also shows an animation of how the material is chopped, the iron and steel are separated, and the remaining metals are separated from the plastic. This animation demonstrates how the eddy current separator operates. (http://www.simsrecycling.com/newsroom/video/electronics-recycling)
3. A series of videos on the process of refining precious metals: Through a series of videos produced by the International Precious Metal Institute (IPMI), the chemistry of the separation and purification of the precious metals silver and gold are explained. Each video is relatively short and is packed with chemistry that high school students can understand and appreciate. These are excellent in relating chemistry to the real world.
“How to Refine Precious Metals—Hydrometallurgy: Part 1 Leaching” (3:46) (https://www.youtube.com/watch?v=4J4nLdmcZzw)
“How to Refine Precious Metals—Hydrometallurgy: Part 2 Concentration and Purification” (4:18) (https://www.youtube.com/watch?v=EFzBAT6N338)
“How to Refine Precious Metals—Precipitation: Hydrometallurgy Part 3” (4:47) (https://www.youtube.com/watch?v=0lfTtP6llT8)
“How to Refine Precious Metals—Electrolysis: Hydrometallurgy Part 4” (5:23) (https://www.youtube.com/watch?v=hAkWMdrLXmo)
4. Electrorefining: This BC Learning Network video, “Electrorefining” (9:31), explains graphically the chemistry involved in electrorefining. It describes the chemistry using molecular drawings and animations along with redox equations. The explanation incorporates a reduction potential table to explain which ions are oxidized and reduced. (https://www.youtube.com/watch?v=wwN8lwpQVLk)

Lessons and Lesson Plans

1. Investigating e-waste: This lesson plan, called “E-cycling for Environmental Justice”, is designed for high school students to investigate e-waste and incorporates science, social studies and civics. It includes: relationships to national standards; background information; resources; an activity on the life cycle of an electronic device; a study of the environmental injustice in Guiyu, China; a writing activity to create solutions to e-waste dumping; and suggestions for a discussion. (http://www.earthday.org/sites/default/files/E-Cycle%20for%20Environmental%20Justice_Lesson%20Plan.pdf)
2. Recycling: This lesson, “Garbage Dreams”, is produced by PBS and includes a video and a game geared to understanding the importance of recycling. It is designed for middle school but could easily be used for higher grades as well. (http://www-tc.pbs.org/independentlens/garbage-dreams/classroom/04_garbagedreams_lesson.pdf)
3. Electrolysis: “Lesson Plan for Electrolysis of Water‐Splitting: High School Level” is designed for high school chemistry. It includes objectives, background information, a student laboratory procedure, student analysis and advanced questions, and an instructor’s guide which includes extension questions and answers to all the questions. (http://sunlight.caltech.edu/mrose/Lesson-Plan_H2-from-H2O_WaterSplitting_CP_120310.pdf)

Projects and Extension Activities

1. A debate about exporting electronic waste: Students could research and debate the pros and cons of exporting electronic waste. There are many articles written on the subject. Here are a few of the articles that could be used to introduce the project: “E-waste-The Great E-waste Recycling Debate” (http://www.grida.no/publications/vg/waste/page/2868.aspx); “Used Electronic: Opportunity or Toxic Waste?” (http://www.usatoday.com/story/money/business/2013/09/26/e-waste-empire-middlebury-vermont-discarded-electronics/2880359/)
2. Student research project on local e-waste recycling: Students could investigate the recycling of e-waste in their area or state. They could also investigate the legislation that governs their electronic waste.
3. Khan Academy video on electrolysis: Students can be assigned to watch the Khan Academy video (6:54) “Introduction to Electrolysis” at home. By viewing this video, the students will review oxidation-reduction reactions and the voltaic cell. It then explains the operation of an electrolysis cell. Advanced students can be assigned to also watch the “Quantitative Electrolysis” video (6:59). This video works through a calculation to determine the amount of zinc deposited on the electrode, given the time and the amps used in the reaction. This video would prepare them for a variety of electrolysis calculations. Both videos can be found at https://www.khanacademy.org/science/chemistry/oxidation-reduction/electrolytic-cell/v/quantitative-electrolysis.
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Author Withgott describes heavy metal poisoning from lead in this article. (Withgott, J. Lead—Beethoven’s Heavy Metal Ailment. ChemMatters, 2001, 19 (4), pp 14–15)

An article about the recycling of aluminum that describes the electrolysis of aluminum can be found here: Husband, T. Recycling Aluminum: A Way of Life or A Lifestyle? ChemMatters, 2012, 30 (2), pp 15–17.

The Teacher’s Guide for the April 2012 article above contains additional information on oxidation-reduction reactions and the electrolysis of alumina, using redox reactions to explain the process.

This article describes the environmental problem and the bioaccumulation of mercury. (Agner, M. Frozen Fish Stick Blues. ChemMatters, 2016, 34 (2), pp12–13)

The Teacher’s Guide for the April 2016 article above is loaded with information about the heavy metal mercury and its effects on our health. It also includes several activities that investigate mercury in our environment.

[bookmark: _Toc468113113]Web Sites for Additional Information (Web-based information sources)

E-waste—basic information

	Basic information about e-waste is given at this site. It is short but provides clear and concise information. (https://planetgreenrecycle.com/fundraising/e-waste-problem)

	This article, “Facts and Figures on E-Waste and Recycling,” provides detailed information on the facts and data about electronic waste and its recycling. It is loaded with data in tables and graphs. (http://www.electronicstakeback.com/wp-content/uploads/Facts_and_Figures_on_EWaste_and_Recycling.pdf)

	These two sites list interesting facts about electronic waste that students would find interesting and amazing. (http://earth911.com/eco-tech/20-e-waste-facts/ and (https://www.dosomething.org/us/facts/11-facts-about-e-waste)

	This site provides a stepwise explanation of what to do when you are ready to recycle an old computer. (http://www.digitaltrends.com/computing/how-to-recycle-your-old-computer/)

 	This site provides a table of hazardous materials found in e-waste and where they occur. It also gives a brief description of some of the hazardous materials. (http://ewasteguide.info/hazardous-substances)

	An interactive map of the United States that provides information by state of the legislation governing electronic waste can be found here: http://www.ecycleclearinghouse.org/content.aspx?pageid=10.

E-waste—problems with e-waste

	This site provides an overview of the problems with e-waste. It highlights the major problems and provides links for additional information. (http://www.electronicstakeback.com/resources/problem-overview/)

	Through pictures and graphics, the problems of electronic waste are presented at this site. These would make good pictures and graphics for a presentation. (http://ifixit.org/ewaste)

E-waste—recycling

	At this site a step by step process of recycling electronic waste is given. It also suggests uses for the recycled material. (http://www.conserve-energy-future.com/e-waste-recycling-process.php)

	“Printed Circuit Board Recycling Methods” is a detailed paper on the recycling of printed circuit boards and can be found at this site. It includes information about printed circuit boards, characterizes their waste, and details the commercial recycling process, including some of the chemistry. (https://www.epa.gov/sites/production/files/2014-05/documents/handout-10-circuitboards.pdf)

	This site describes the theory behind the eddy current separator, as well as describing how it works. It includes graphics that aid in the explanation. (http://www3.uninsubria.it/uninsubria/allegati/pagine/6484/Ed.pdf)

Electrolysis

	This site provides extensive information on electrolysis. It includes basic information on electrolysis, the electrolysis of molten salts and ionic solutions, redox half reactions, instructions on how to do basic quantitative calculations, purification of copper and electroplating. It also contains a link to an interactive video (mentioned in the simulations section above) and a short quiz that can be used to test a students’ understanding. (http://www.bbc.co.uk/education/guides/zk96fg8/revision)
	Another site that describes electrolysis, compares electrolytic cells to voltaic cells, and describes applications of electrolysis can be found here: http://chemwiki.ucdavis.edu/Core/Analytical_Chemistry/Electrochemistry/Electrolytic_Cells/Electrolysis.
	This site not only explains electrolysis, but also provides a little history of its use and provides sample calculations. It also has short concise explanations and graphics that describe the chloro-alkali process for the production of chlorine gas and the electrolytic refining of aluminum. (http://www.chem1.com/acad/webtext/elchem/ec8.html#IN)

Heavy metals

	This article, “Heavy Metals”—A Meaningless Term? (IUPAC Technical Report), extensively describes the problem with the term “heavy metal”. It also describes the numerous ways that are used to classify metals. It discusses factors to be considered when classifying metals for toxicity and other possible ways to classify metallic elements as a basis for their toxicity assessment. (http://iupac.org/publications/pac/pdf/2002/pdf/7405x0793.pdf)

	At this site a brief overview of heavy metals is given. Brief statements about several toxic metals are provided and each has a link that provides more detailed information about each one. (https://www.osha.gov/SLTC/metalsheavy/)

	Another site that provides information about heavy metals and their effects on the environment can be found here: http://www.lenntech.com/processes/heavy/heavy-metals/heavy-metals.htm.

	“Chelation: Harnessing and Enhancing Heavy Metal Detoxification—A Review” is an extensive article dealing with chelation therapy for the treatment of toxic metal poisoning. It describes background information, describes various chelating agents, including natural and pharmaceutical ones, as well as the benefits of using chelation therapy. (http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3654245/)

	At this site chelation therapy is described. It describes several different substances used as chelators and the element or elements for which they work best. (http://www.lifeextension.com/Protocols/Health-Concerns/Heavy-Metal-Detoxification/Page-08)
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* Acts which give authority pertaining to date labeling on foods.

** Note that FDA may have aditional enforcement authority shared with other agencies with regard to food safety, but this chart focuses on primary authority over labeling for certain food types.
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Figure ES-5. Material Discards* in MSW, 2013
167 Million Tons (after recycling and composting)

*Discards in this figure include combustion with energy recovery.
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FINGERPRINT PATTERNS AND CLASSIFICATIONS

Plain Arch

In plain arches the ridges
enter on one side of the
impression and flow or
tend to flow out the other
side with a rise or wave
inthe center.

Double Loop Whorl

The double loop whorl
consists of two separate
loop formations, with two
separate and distinct sets
of shoulders and two
deltas.

Tented Arch

Tented arches are similar
to plain arches with the
exception that the ridges
in the center form a
definite angle; of one or
more ridges at the center
form an upthrust; or they
approach the loop type of
pattern, possessing two of
the basic characteristics
of the loop, but lacking the
third.

Plain Whorl

A plain whorl has two
deltas and at least one
ridge making a complete
circuit, which may be spiral,
oval, or any variant of the
circle. An imaginary line
drawn between the two
deltas must touch of cross
at least one of the
recurving ridges within
the pattern area.

Ulnar Loop

Ulnar loops are those
types of pattern in which
the loops flow in the

direction of the little fingers.

The above pattern would be
an ulnar pattern if on the
right hand, and a radial
pattern if on the left hand.
The above pattern is also
sometimes called a right
slant loop, regardless of
which hand it appears on.

Central Pocket
Loop Whorl

The central pocket loop
whorl consists of one or
more recurving ridges, or
an obstruction at a right
angle to the inner line of
flow, with two deltas
between which an
imaginary line would cut
or touch no recurving
ridge within the pattern
area. The inner line of
flow of a central pocket
loop whorl is determined
by drawing an imaginary
line between the inner
delta and the center of
the innermost recurve

or looping ridge.

Radial Loop

Radial loops are those
types of pattern in which
the loops flow in the

direction of the thumbs.

The above pattern would
be aradial pattern if on
the right hand, and an
ulnar pattern if on the
left hand.

The above pattern is also
sometimes called a left
slant loop, regardless of
which hand it appears on.

Accidental Whorl

The accidental whorl is a
pattern with two or more
deltas, and a combination
of two or more different
types of patterns
exclusive of the plain
arch. This classification
also includes those
exceedingly unusual
patterns which may not
be placed by definition
into any other classes.

‘Above fingerprint images from The Science of Fingerprints - Classification and Uses, by the FBI Identification Division, 1957.
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