Water Waste
Background:  Chemicals in popular household products get into the water supply. Students throughout this unit have been exposed to the concept of chemicals being on their bodies and the potential hazards involved; in this lab, they will understand that some of these chemicals, toxic and benign, also end up in the waste water from their homes.  Students will do a series of tests on the water from a family household and determine products they are using that might be of concern to their own health and the health of the environment in their community.
Goal:  Students will test water samples and observe various reactions to understand what products effect health and environment.  
Objectives:  Students will:
· Analyse lab results

· Determine level of toxicity

· Create a personal plan of action
Materials (for a class of 32 working in groups of 2 or 3):
· 33 dropper bottles
· 3 light

· Baking soda

· Vinegar

· Liquid starch

· Iodine

· Copies of student sheets
Time Required:  45–60 minute class period

Prescribed Focus Area:

· 4.3 the applications and uses of science
· 4.4 the implications of science for society and the environment
Green Chemistry Principles Addressed: 
· Prevention.  Design chemical syntheses to prevent waste, leaving no waste to treat or clean up.
· Less Hazardous Chemical Synthesis.  Design syntheses to use and generate substances with little or no toxicity to humans and the environment.

· Design for Degradation.  Design chemical products to break down to innocuous substances after use so that they do not accumulate in the environment.
· Inherently Safer Chemistry for Accident Prevention.  Design chemicals and their forms (solid, liquid, or gas) to minimize the potential for chemical accidents including explosions, fires, and releases to the environment.
PREP

Materials – for students working in groups of 2 or 3
· 9 dropper bottles for water sources (3 or each water source)

· 24 dropper bottles for indicators(8 for each water source)
Procedure:
1. Prepare water samples

· 3 cups of water

· 3 tablespoon of baking soda

· 3 tablespoon of liquid starch
2. Pour into 9 dropper bottles

3. Label 3 of the  bottles “kitchen sink”

4. Label 3 of the bottles “bathroom sink”

5. Label 3 of the bottles “toilet”
a. Optional: you may want to add 1 drop of yellow food coloring!

6. Prepare indicators according to the instructions below and pour into bottles labeled appropriately

a. BE SURE TO PUT THE IODINE IN BOTTLES THAT ARE DARK OR BLOCK LIGHT!
Kitchen sink indicators:

1 – ascorbic acid 

· 1 part iodine to 4 parts water

· Store in light sensitive bottle

2 – dioxane 

· 1 part iodine to 4 parts water

3 – sodium bicarbonate

· water

4 – ammonia 

· water

5 – triclosan 

· vinegar
6 – dihydrogen oxide 

· vinegar

7 –  formaldehyde

· water

8 – parabens

· water

Bathroom sink indicators:

1 – ascorbic acid 

· 1 water

2 – dioxane 

· 1 part iodine to 4 parts water

· Store in light sensitive bottle

3 – sodium bicarbonate

· water

4 – ammonia 

· water

5 –  triclosan
· vinegar
6 – dihydrogen oxide 

· vinegar

7 –  formaldehyde

· water

8 – parabens

· vinegar

Toilet  indicators:

1 – ascorbic acid 

· water

2 – dioxane 

· water

3 – sodium bicarbonate

· 1 part iodine to 4 parts water

· Store in light sensitive bottle

4 – ammonia 

· vinegar

5 –  triclosan
· water
6 – dihydrogen oxide 

· vinegar

7 –  formaldehyde

· water

8 – parabens

· water

	
	Kitchen sink
	Bathroom sink
	Toilet

	1 ascorbic acid
	+ starch/iodine
	-
	-

	2 dioxane
	+ starch/iodine
	+ starch/iodine
	-

	3  sodium bicarbonate
	-
	-
	+ starch/iodine

	4 ammonia
	-
	-
	+ baking soda/vinegar

	5 triclosan
	-+ baking soda/vinegar
	-+ baking soda/vinegar
	-

	6 dihydrogen monoxide
	+ baking soda/vinegar
	+ baking soda/vinegar
	+ baking soda/vinegar

	7 formaldehyde
	-
	-
	-

	8 parabens
	-
	+
	-


IN CLASS
· Show the Water Waste graphic
· Ask students what this represents & if all their water is cleaned by this process

· Ask students what kind of chemicals they think might be in the water leaving their homes

· Explain that they will be doing labs to see what types of chemicals, good and bad, come from their homes.

· Tell students that the water samples are from a bathroom sink, kitchen sink, and toilet.

· You may have to explain that it is not the water coming out of the faucet, but the water that goes down the pipe!

· Split the students up into groups of 2 or 3 

· Review the lab instructions, chemplate form, and data table

· Assign each group a water source

· Have the students perform the reactions

· Compile the results from each group on overhead. Have each students copy the results down for each water source.
· Give the students the Ban Dihydrogen Monoxide sheet.  

· Ask them to raise their hands if they feel it should be banned.

· Explain the dihydrogen monoxide is water!
· Hand out the MSDS sheets and review.
· Have the students take a highlighter pen and highlight all of the items of concern in each MSDS.
· Give the students the concept map ½ sheet and review instructions.
· Allow them to complete the concept map by creating their own or using the template.
Assessment:

· Lab completion

· Results correct and noted on data table

· Completed & correct concept map
Water Waste – Graphic
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*taken from http://www.waterbusiness.net/

Water Waste – Lab Instructions
1. Get a pair of safety glasses and gloves for each member of the group & put both on

2. Fill in the Water Waste – Student Chemplate Form. 

3. Place your chemplate on the Student Chemplate Form.

· Make sure the numbers on your chemplate (above each well) match the numbers on the Chemplate Form

4. Add 5 drops of the water sample to wells #1-8.

· Put the lid back on the water and return it to your teacher!

5. Add 5 drops of the correct indicator solution to each well.

· Put the lid back on the indicator solution after each use!

6. After each test, note the results on your Student Data Sheet.

7. Clean up according to your teacher’s instructions.

*Be prepared to share your results with the class.

(---------------------------------------------------------------------------------------------------------------------------
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Water Waste - Student Chemplate Form
Name_______________________________________________   Class Period______________________
My water sample is from_______________________________
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Water Waste - Student Data Sheet
	Test
#
	Test
	Reaction Description
	Chemical present

+ present
- not present

	1
	 Ascorbic Acid

	
	

	2
	1,4 Dioxane

	
	

	3
	Sodium Bicarbonate

	
	

	4
	 Ammonia

	
	

	5
	Triclosan

	
	

	6
	Dihydrogen Monoxide

	
	

	7
	Formaldyhyde

	
	

	8
	Parabens

	
	


Water Waste – Class Results
	Test

#
	Test
	Kitchen Sink
	Bathroom Sink
	Toilet

	1
	Ascorbic Acid

	
	
	

	2
	1,4 Dioxane

	
	
	

	3
	Sodium Bicarbonate

	
	
	

	4
	Ammonia

	
	
	

	5
	Triclosan

	
	
	

	6
	Dihydrogen Monoxide

	
	
	

	7


	Formaldyhyde

	
	
	

	8
	Parabens

	
	
	


Water Waste – MSDS & Information Sheets
All chemists use Materials Safety Data Sheets (MSDS) & other resources when they are working in the lab and Green Chemists pay special attention this information as they strive to use chemicals that have no adverse effect on human health or the environment. Use the information below for each of the chemicals that you tested and determine if this chemical could harm human health or the environment.
The toxicity rating in the chart comes from Skin Deep and the rating scale is:
0-2 = low hazard

3-6 = moderate hazard

7-10 = high hazard
Ascorbic Acid: 
Synonyms: Vitamin C 
Molecular formula: C6H8O6 

Stability

Stable 
Toxicology

May be harmful if ingested in very large quantities
Personal protection

None. 
	Skin Deep Toxicity Rating
	Purpose

	1
	· Vitamin supplement

· pH adjustor in cosmetics

· antioxidant

· preservative

	Where It’s Found
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------------------------------------------------------------------------------------
1,4 Dioxane: 
Synonyms: dioxane, diethylene dioxide, 
Molecular formula: C4H8O2
Physical data

Appearance: colourless liquid 
Melting point: 11.8 C 
Boiling point: 100 - 120 C 
Flash point: 12 C 
Explosion limits: 2% - 22% 
Auto ignition temperature: 180 C 

Stability

Stable. 

Highly flammable 

Toxicology

Probable carcinogen (cancer causing). Toxic. Harmful by inhalation, ingestion and through skin contact. Irritant. 

Personal protection

Safety glasses, gloves, good ventilation. Treat as a potential carcinogen (causing cancer)
	Skin Deep Toxicity Rating
	Purpose

	10
	· stabilizer

· solvent
· by-product in the production of cosmetics, including sodium lauryl sulfate

	Where It’s Found
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------------------------------------------------------------------------------------
Sodium Bicarbonate: 
Synonyms: baking soda 
Molecular formula: NaHCO3 
Physical data

Appearance: white powder or crystals 
Melting point: 50 C 
Density (g cm-3): 2.16 
Stability

Stable. 

Toxicology

Not hazardous 

Transport information

Non-hazardous for road, air and sea freight. 

Personal protection

None necessary. 
	Skin Deep Toxicity Rating
	Purpose

	2
	· leavening agent (it reacts with other ingredients to release carbon dioxide, which creates rise and airiness).

· deodorant

· pH adjustor

	Where It’s Found
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------------------------------------------------------------------------------------------------------------------------------------------
Ammonia: 
General

Synonyms: ammonia solution 
Molecular formula: NH4OH 

Physical data

Appearance: colourless liquid 
Boiling point: between 38 and 100 C depending upon concentration 
Vapour density: 1.2 
Vapour pressure: 115 mm at 20 C (depends on solution strength) 
Specific gravity: typically 0.9 (depends on solution strength) 
Flash point: none 
Explosion limits: 16 - 27% 
Auto ignition temperature: 651 C 
Stability

Incompatible with copper, copper alloys, acids, galvanised iron, zinc, aluminium, bronze, dimethyl sulphate, mercury, alkali metals. NEVER MIX WITH BLEACH
Toxicology

Ammonia can cause watery and itchy eyes, irritate the throat and make breathing painful. Those with allergies and asthma are more sensitive to the effects of ammonia than others. If concentrated ammonia touches bare skin, it can cause burns; if it gets into the eyes, it can cause permanent damage.
Concentrated solution is extremely damaging to eyes. Even contact with dilute ammonia solution can lead to serious eye damage. Toxic if swallowed; harmful if inhaled and in contact with skin. Very destructive of mucous membranes. Corrosive - causes burns. Known as a sense organ toxicant (nose, eyes, mouth, etc) 
Environmental information 
Dangerous in the environment. 

Personal protection

Good quality safety glasses with side protection against splashes. Good ventilation.

	Skin Deep Toxicity Rating
	Purpose

	3
	· pH adjustor

· disinfectant

· no residue

· nitrate creator

	Where It’s Found
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------------------------------------------------------------------------------------------------

Triclosan
Physical data

Physical Form: Solid 
Color: White
Health: Contact causes eye irritation. Contact causes skin irritation.
Potential Health Effects: 

· Very toxic to aquatic organisms. Target Organ Effect: Animal studies revealed the liver is a target organ at high doses; however, liver injury is not likely to occur in humans because of the very low human exposures and the differences in liver responses between some species and humans. The U.S.Food and Drug Administration have concluded lower doses are safe for human consumption, See Section 11.

· Endocrine disrupter:  impacts hormones and fertility levels in male and female fish & frogs 
FIRST AID MEASURES 

Eye: In the case of contact with eyes, rinse immediately with plenty of water and seek medical advice.
Skin: Wash off immediately with soap and plenty of water. Get medical attention if irritation occurs

STABILITY AND REACTIVITY

Stability: Stable 
Condition to Avoid: Avoid static discharge 
Incompatibility: Strong-oxidizing agents, strong acids, strong bases. Hazardous Decomposition Not decomposition expected under normal


	Skin Deep Toxicity Rating
	Purpose

	7
	· anti-microbial
· disinfectant

· deodorant

· preservative

· biocide

	Where It’s Found
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Dihydrogen Monoxide: 

Synonyms: Water
Chemical Formula: H2O 

Flammability Rating: 0 - None 
Reactivity Rating: 1 - Slight 
Contact Rating: 0 - None 
Lab Protective Equip: GOGGLES; LAB COAT 


Potential Health Effects 
Water is non-hazardous. 

Inhalation: Can kill you if inhaled in large enough quantities
Chronic Exposure: Causes accidental drowning
Aggravation of Pre-existing Conditions: Has been found in tumors of cancer patients
Non-hazardous material. Clean up of spills requires no special equipment or procedures. 

Physical and Chemical Properties

Appearance: Clear, colorless liquid. 
Odor: Odorless. 
Solubility: Complete (100%) 
Specific Gravity: 1.00 
pH: 7.0 
Boiling Point: 100C (212F) 
Melting Point: 0C (32F) 
Stability and Reactivity

Stability: Stable 
Incompatibilities: Can cause corrosion
	Skin Deep Toxicity Rating
	Purpose

	0
	· solvent

· cooling agent

· heating agent

	Where It’s Found

	soda                    shampoo              cough syrup           dish soap       making clothes     making paper


	


------------------------------------------------------------------------------------------------------------------------
Formaldehyde: 
Molecular formula: CH2O 
Physical data

Appearance: colourless liquid, typically 37% formaldehyde in water 
Boiling point: 96 C 
Specific gravity: 1.083 
Vapour pressure: 55 mm Hg at 37 C 
Vapour density: 1 (air = 1) 
Flash point: 56 C 
Explosion limits: 7% - 73% 
Auto ignition temperature: 572 F 
Water solubility: substantial 

Stability

Combustible. Light and air sensitive. Polymerizes spontaneously. 

Toxicology

Causes burns. Very toxic by inhalation, ingestion and through skin absorption. Readily absorbed through skin. Probable human carcinogen.(cancer causing) Mutagen. (makes cells in the body change and cause abnormailities) May cause damage to kidneys. May cause allergic reactions. May cause sensitisation. May cause heritable genetic damage. ( if your cells are damaged by it, they may get passed down to your children) destructive of mucous membranes and upper respiratory tract, eyes and skin. Known immune and respiratory toxicant.
Personal protection

Safety glasses. Nitrile or butyl rubber gloves. Full body protection. Good ventilation, never inhale
	Skin Deep Toxicity Rating
	Purpose

	10
	· biocide

· preservative

	Where It’s Found

	carpeting                  nail polish                       plastics                             textiles                 clothing


	


-------------------------------------------------------------------------------------------------
Parabens 
Synonyms: Benzoic Acid, 4-hydroxy-, propyl ester ; p-hydroxypropyl benzoate … 
Chemical Formula: C10H12O3 
Emergency Overview : WARNING! HARMFUL IF SWALLOWED OR INHALED. MAY CAUSE ALLERGIC SKIN REACTION. CAUSES IRRITATION TO SKIN, EYES & RESPIRATORY TRACT. 

Potential Health Effects 
Inhalation: Causes irritation to respiratory tract. Symptoms may include coughing, shortness of breath. 
Ingestion: Large oral doses may cause irritation to the gastrointestinal tract. 
Skin Contact: Causes irritation to skin. Symptoms include redness, itching, & pain. Worse with allergies Eye Contact: Causes irritation, redness, and pain. 
Chronic Exposure: Mutigen – may cause cells to mutate causing hereditary disease or chronic illness. Has been linked to breast cancer and malformation of sexual organs

Exposure Controls/Personal Protection: safety glasses, mask, full-body cover
Skin Protection: Wear impervious protective clothing, including boots, gloves, lab coat, apron or coveralls, as appropriate, to prevent skin contact. 
Eye Protection: Use chemical safety goggles and/or full face shield where dusting or splashing of solutions is possible. Maintain eye wash fountain and quick-drench facilities in work area. 

Physical and Chemical Properties

Appearance: White powder. 
Odor: Odorless. 
Solubility: Insoluble in water. Soluble in alcohol. 
Density: 1.06 
Melting Point: 95 - 98C (203 - 208F) 

Stability and Reactivity

Stability: Stable under ordinary conditions of use and storage. 
Hazardous Decomposition Products: Carbon dioxide and carbon monoxide may form when heated to decomposition. 
Conditions to Avoid: Heat, flame, ignition sources 

Ecological Information

Environmental Fate: Linked to water supply contamination
Environmental Toxicity: May mutate the cells of animals
	Skin Deep Toxicity Rating
	Purpose

	10
	· biocide

· preservative

	Where It’s Found

	facial moisturizer             foundation                      lip gloss                eye shadow              sunscreen


	



Each year, Dihydrogen Monoxide is a component in many thousands of deaths and is a major contributor to millions upon millions of dollars in damage to property and the environment. 
Some of the known perils of Dihydrogen Monoxide are: 
· Death due to accidental inhalation, even in small quantities. 

· Prolonged exposure to Dihydrogen Monoxide in its solid state causes severe tissue damage. 

· Dihydrogen Monoxide in its gaseous state can cause severe burns. 

· Contributes to soil erosion. 

· Leads to corrosion and oxidation of many metals. 

· Contamination of electrical systems often causes short-circuits. 

· Exposure decreases effectiveness of automobile brakes. 

· Found in biopsies of pre-cancerous tumors and lesions. 

· Often associated with killer cyclones in the U.S. Midwest and elsewhere, and in hurricanes including deadly storms in Florida, New Orleans and other areas of the Southeastern U.S.
Water Waste – Concept Map 
Now that you know what kind of waste is leaving your house through the water stream, what can you do about it?

Create a concept map that:

· Shows at least 2 strategies you could use to reduce or eliminate the toxic chemicals

· Includes specific strategies for each of the toxic chemicals

· Is creatively designed and easy to read
(---------------------------------------------------------------------------------------------------------------------------
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 Water Waste – Concept Map Template 

Water Waste – Sample Concept Map
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