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This research activity will be in the form of a Jigsaw/Expert Group: 

Essentially, each person in the class will be given one of 4 to 6 topics to research (in this case an issue related to organic chemicals) and become “experts” on the topic.  They will then meet up with others who have the same topic in an “expert group” to discuss their research.  Afterwards, they will be placed in a Jigsaw group made up of people, all with a different topic.  At this point, each person in the Jigsaw group will be given an opportunity to teach the others in their group what they have learned.  This will be explained in more detail later.
Some background information on each issue will be given below:

Alternative Energy Sources


Energy is the ability to do work. While energy surrounds us in all aspects of life, the ability to harness it and use it for constructive ends as economically as possible is the challenge before mankind. Alternative energy refers to energy sources which are not based on the burning of fossil fuels or the splitting of atoms. The renewed interest in this field of study comes from the undesirable effects of pollution, both from burning fossil fuels and from nuclear waste by-products. Fortunately there are many means of harnessing energy which have less damaging impacts on our environment. Below are some possible alternatives:

· Solar 

· Wind Power 

· Geothermal 

· Tides 
· Hydroelectric 
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Gasohol Production
Gasohol is a gasoline extender made from a mixture of gasoline (90%) and ethanol (10%; often obtained by fermenting agricultural crops or crop wastes) or gasoline (97%) and methanol, (3%). Gasohol has higher octane, or antiknock, properties than gasoline and burns more slowly, coolly, and completely, resulting in reduced emissions of some pollutants, but it also vaporizes more readily, potentially aggravating ozone pollution in warm weather. Ethanol-based gasohol in which the ethanol is made from corn is expensive and energy intensive to produce, and can damage rubber seals and diaphragms and certain finishes if the ethanol is present in higher concentrations. Since 1998, however, many American automobiles have been equipped to enable them to run on E85, a mixture of 85% ethanol and 15% gasoline. Methanol-based gasohol is also expensive to produce and is toxic and corrosive, and its emissions produce cancer-causing formaldehyde. 
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Persistent Organic Pollutants (POP’s)
Persistent Organic Pollutants (POPs) are chemical substances that persist in the environment, bioaccumulate through the food web, and pose a risk of causing adverse effects to human health and the environment. This group of priority pollutants consists of pesticides (such as DDT), industrial chemicals (such as polychlorinated biphenyls, PCBs) and unintentional by-products of industrial processes (such as dioxins and furans).

Persistent Organic Pollutants are transported across international boundaries far from their sources, even to regions where they have never been used or produced.  The most common POP’s and some of their chemical structures are:

· Aldrin
· Chlordane 

· Dieldrin 

· Endrin 

· Heptachlor 

· Hexachlorobenzene (HCB) 

· Mirex 

· Toxaphene 

· Polychlorinated biphenyls (PCB) 

· DDT
· Dioxins 

· Furans 
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Dioxins

Pesticides
Although part of the POP’s, pesticides deserve their own study due to the sheer number of them in use.

A pesticide is any substance or mixture of substances intended for preventing, destroying, repelling, or mitigating any pest. 

Though often misunderstood to refer only to insecticides, the term pesticide also applies to herbicides, fungicides, and various other substances used to control pests. 
Under the auspices of the Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA), the EPA is charged with the task of registering all pesticide products, regulating their use through labeling, and establishing 'acceptable' levels of public and environmental exposure to pesticides. According to FIFRA, new pesticides can be registered only if they do not pose "... unreasonable risk to man or the environment, taking into account the economic, social, and environmental costs and benefits of the use of any pesticide." (Emphasis added.) 

Pesticides are among the most widely used chemicals in the world, and also among the most dangerous to human health. They are a leading cause of poisonings here in Canada and have been estimated to account for thousands of deaths each year globally.
Pesticides, by nature, are risky, however their benefits are real and easily taken for granted. For example, some people want a total ban of pesticides, but they must be ready to accept termites in their houses, fleas in their carpets, moldy vegetables, food-borne toxins, food shortages with soaring prices, and outbreaks of long-forgotten diseases.  But, do the benefits outweigh the risk?
A common pesticide used here in Manitoba is Malathion.
Malathion is an insecticide of relatively low human toxicity.  Malathion breaks down into Malaoxon, which is 60 times more toxic than Malathion. For this reason, if Malathion is used in or somehow enters an indoor environment, as it breaks down into malaoxon, it can seriously and chronically poison the occupants living or working in this environment.
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Pharmaceuticals and Personal Care Products (PPCP’s)
Pharmaceuticals and personal care products were first called "PPCPs" only a few years ago, but these bioactive chemicals (substances that have an effect on living tissue) have been around for decades. Their effect on the environment is now recognized as an important area of research. 

PPCPs include:

· Prescription and over-the counter therapeutic drugs 

· Veterinary drugs 

· Fragrances 

· Cosmetics 

· Sun-screen products 

· Diagnostic agents 

· Nutraceuticals (e.g., vitamins) 

Sources of PPCPs:

· Human activity 

· Residues from pharmaceutical manufacturing (well defined and controlled) 

· Residues from hospitals 

· Illicit drugs 

· Veterinary drug use, especially antibiotics and steroids 

· Agribusiness 

The importance of individuals directly contributing to the combined load of chemicals in the environment has been largely unrecognized. Individuals add PPCPs to the environment through excretion (the elimination of waste material from the body) and bathing, and disposal of unwanted medications to sewers and trash. Some PPCPs are easily broken down and processed by the human body or degrade quickly in the environment, but others are not easily broken down and processed, so they enter domestic sewers. 
A common prescription drug is Azithromycin.  Its structure is shown below:
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Azithromycin is a synthetic version of a naturally produced macrolide antibiotic -  erythromycin. It is among the top 10 of the most widely prescribed pharmaceuticals and can be frequently found in environmental samples.

Recycling of Plastics

Did you know?

· The world's annual consumption of plastic materials has increased from around 5 million tonnes in the 1950s to nearly 100 million tonnes today.
· We produce and use 20 times more plastic today than we did 50 years ago!
· It takes 25 two litre plastic drinks bottles to make one fleece garment.

· Packaging accounts for approximately 35% of plastics consumption. 
· In Austria and Sweden, McDonalds has been using bio-degradable cutlery for three years. This enables all catering waste to be composted without segregation.

There are about 50 different groups of plastics, with hundreds of different varieties. All types of plastic are recyclable. To make sorting and thus recycling easier, the American Society of Plastics Industry developed a standard marking code to help consumers identify and sort the main types of plastic. These types and their most common uses are:
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	PET
	Polyethylene terephthalate - Fizzy drink bottles and oven-ready meal trays.
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	HDPE
	High-density polyethylene - Bottles for milk and washing-up liquids.
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	PVC
	Polyvinyl chloride - Food trays, cling film, bottles for squash, mineral water and shampoo. 
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	LDPE
	Low density polyethylene - Carrier bags and bin liners.
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	PP
	Polypropylene - Margarine tubs, microwaveable meal trays.

	
	PS
	Polystyrene - Yoghurt pots, foam meat or fish trays, hamburger boxes and egg cartons, vending cups, plastic cutlery, protective packaging for electronic goods and toys.

	
	OTHER
	Any other plastics that do not fall into any of the above categories. - An example is melamine, which is often used in plastic plates and cups.


 

Benefits of plastics

The considerable growth in plastic use is due to the beneficial properties of plastics. These include:

· Extreme versatility and ability to be tailored to meet very specific technical needs. 

· Lighter weight than competing materials, reducing fuel consumption during transportation. 

· Extreme durability. 

· Resistance to chemicals, water and impact. 

· Good safety and hygiene properties for food packaging. 

· Excellent thermal and electrical insulation properties. 

· Relatively inexpensive to produce. 

The production and use of plastics has a range of environmental impacts. Firstly, plastics production requires significant quantities of resources, primarily fossil fuels, both as a raw material and to deliver energy for the manufacturing process. It is estimated that 4% of the world's annual oil production is used as a feedstock for plastics production and an additional 3-4% during manufacture.

The overall environmental impact varies according to the type of plastic and the production method employed.

Plastics production also involves the use of potentially harmful chemicals, which are added as stabilisers or colorants. Many of these have not undergone environmental risk assessment and their impact on human health and the environment is currently uncertain. An example of this is phthalates, which are used in the manufacture of polyvinylchloride, PVC. PVC has in the past been used in toys for young children and there has been concern that phthalates may be released when these toys are sucked (come into contact with saliva). Risk assessments of the effects of phthalates on the environment are currently being carried out.

Degradable Plastics

A number of UK retailers have recently introduced degradable carrier bags. These bags are made from plastic which degrades under certain conditions or after a predetermined length of time. There are two types of degradable plastic: bio-degradable plastics, which contain a small percentage of non oil-based material, such as corn starch; and photodegradable plastics, which will break down when exposed to sunlight.

Bio-plastics

A number of manufacturers have been exploring alternatives to plastics made from non-renewable fossil-fuels. Such alternative 'bio-plastics' include polymers made from plants sugars and plastics grown inside genetically modified plants or micro-organisms.


Jigsaw Activity
1. Divide students into 4- to 6-person jigsaw groups (depending on the number of topics used).  The groups should be diverse in terms of gender, ethnicity, race, and ability.

2. Divide the topic of study (in this case Issues Relating to Organic Chemicals) into 4- to 6- segments.  Choose from :
· Gasohol Production
· Recycling of Plastics 
· Pesticide use
· Pharmaceuticals and Personal Care Products (PPCP’s) 
· Persistent Organic Pollutants (POP’s) 
· Alternative Energy Sources.  
3. Assign each student in the Jigsaw group to learn one segment.  For example, in a class of 30 students, there will be 5 groups of 6 students each.  Thus, there will be 5 students learning about Gasohol production and 5 students learning about plastics recycling and so on. 

4. Give the students time to research their segment (a few days to a week before you want to do the Jigsaw activity).  The research focus is outlined below:
Research Focus:

· What is the organic societal issue you are exploring?

· Assess the benefits vs. the risks of the issue you are exploring. 

· Fully describe the economic, social and environmental implications pertaining to the area of study.

· Organize your information for discussion in the expert groups that follow.
5. Form temporary "expert groups" by having one student from each jigsaw group join other students assigned to the same segment. Give students in these expert groups time to discuss the main points of their segment and to rehearse the presentations they will make to their jigsaw group. 
The purpose of expert groups:

To increase the chances that each report will be accurate, the students doing the research do not immediately take it back to their jigsaw group. Instead, they meet first with students who have the identical assignment (one from each jigsaw group). For example, students assigned to the gasohol production topic meet as a team of specialists, gathering information, becoming experts on their topic, and rehearsing their presentations. We call this the "expert" group. It is particularly useful for students who might have initial difficulty learning or organizing their part of the assignment, for it allows them to hear and rehearse with other "experts." 

6. Bring the students back into their jigsaw groups.

7. Ask each student to present her or his segment to the group. Encourage others in the group to ask questions for clarification.  Each student can also evaluate the presenter using the rubric that follows.
8. Float from group to group, observing the process. 
9. Optional:  Quiz on the material or use the students evaluations to assess student performance in this activity.
Sample Presentation Rubric:

	Criteria
	Levels of Performance

	
	1
	2
	3
	4

	1. Organization and Clarity: 

The organic societal issue is outlined both clearly and orderly.
	The presentation is unclear in most parts
	The presentation is clear in some parts but not overall
	The presentation is mostly clear and orderly in all parts
	The presentation is completely clear and orderly

	2. Content:

The organic societal issue studied contains pertinent information
	Content is poorly  researched and does not contain all required information
	Content is inadequately-researched and only contains some of the required information
	Content is adequately-researched and contains most of the required information
	Content is well-researched and contains all required information

	3. Presentation Style: 

Tone of voice, use of gestures, and level of enthusiasm are convincing to audience.
	Few style features were used; not convincingly
	Few style features were used convincingly
	All style features were used, most convincingly
	All style features were used convincingly


Summary:
What is the benefit of the Jigsaw/Expert Group Activity?  

First, it is a very efficient way to learn the material. But even more important, the jigsaw process encourages listening, engagement, and empathy by giving each member of the group an essential part to play in the activity. Group members must work together as a team to accomplish a common goal; each person depends on all the others. No student can succeed completely unless everyone works well together as a team. This "cooperation by design" facilitates interaction among all students in the class, leading them to value each other as contributors to their common task. 

Optional:

Present the following disturbing facts about pesticides to garner interest in the activity prior to introducing it.

Pesticides:  Some disturbing facts:
· 25% of all insecticides used globally each year are used on non-organic cotton. 

· Number of pesticides presently on the market that were registered before being tested to determine if they caused cancer, birth defects or wildlife toxicity: 400.


· Amount of time it takes to ban a pesticide in the U.S. using present procedures: 10 years. 


· Number of active ingredients in pesticides found to cause cancer in animals or humans: 107. 


· Of those active ingredients, the number still in use today: 83. 


· Number of pesticides that are reproductive toxins according to the California E.P.A.: 15.


· Number of pesticides found to cause reproductive problems in animals: 14. 


· Most serious cause of groundwater and drinking water pollution: agricultural chemicals. 


· Number of different pesticides documented by the E.P.A. to be present in groundwater in 1988: 74. 


· Most acutely toxic pesticide registered by the E.P.A.: aldicarb (used frequently on cotton). In California between 1970 and 1994 amount of total aldicarb used on cotton: 85 to 95%. Number of states in which aldicarb has been detected in the groundwater: 16. 


· Percentage of all U.S. counties containing groundwater susceptible to contamination from agricultural pesticides and fertilizers: 46%.


· Number of people in the U.S. routinely drinking water contaminated with carcinogenic herbicides: 14 million. 


· Percentage of municipal water treatment facilities lacking equipment to remove these chemicals from the drinking water: 90%. 


· Estimated total costs for U.S. groundwater monitoring: US$900 million to 2.2 billion. 


· Estimated costs for U.S. groundwater carbon filtration cleanup: up to $25 million per site. 


· Percentage of all food samples tested by the FDA in 1980 which contained pesticide residues: 38%. 


· Of the 496 pesticides identified as likely to leave residues in food, the percentage which FDA tests can routinely detect: 40%. 


· Increase in cancer rates between 1950 and 1986: 37%. Number of Americans who will learn they have cancer this year: 1 million. Number who will die from it: 500,000. Cost to U.S. of cancer in terms of lost production, income, medical expenses and research resources: US$ 39 billion each year. 


· Highest rate of chemical-related illness of any occupational group in the U.S.A.: farm workers. Pesticide-related illnesses among farm workers in U.S.A. each year: Approximately 300,000. Number of people in the U.S. who die each year from cancer related to pesticides: 10,400. Number of people in the U.S. killed each year by assault rifles: 250
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Organic Chemistry: 


A Societal Issues Assignment
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Organic chemicals are used extensively in industry.  Organic chemicals can be both harmful and beneficial.  It will be your task to determine the economic, social, and environmental aspects pertaining to an issue related to organic chemistry.  Examples include, Gasohol Production, the Recycling of Plastics, Pesticide use, Pharmaceuticals and Personal Care Products (PPCP’s), Persistent Organic Pollutants (POP’s) and Alternative Energy Sources.  
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