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And the Award goes to…Sea-Nine 211
Teacher Sheet Part One—Toxicity Bioassay
Quantitative data using serial dilution
This lab utilizes Dose Response which is the effect or response that is related to the dose or amount of exposure to an agent
Part One – Serial Dilutions
Goal: To perform serial dilutions to test the toxicity of various de-icing agents on lettuce and radish seeds
Introduction: Frequently, in a lab situation you may need several concentrations of the same solution.  The most accurate way of making many concentrations of a single solution is to perform Serial Dilutions, making many sequential dilutions from a single stock solution. In this lab we will make a series of progressive 1:10 dilutions in order to test the  toxicity of different road de-icing substances.

Learning outcomes: Students will be able to:
· Perform serial dilutions for each of the de-icers provided

· Calculate the toxicity range for each substance on Lettuce and/or radish seeds

· Prepare percent solutions
· Quantitate the toxicity of salts on germinating seeds

Time :2 x 45- 60 minute class periods
Standards met: S1, S2

Green Chemistry Standards met: 3, 5, 7, 10, 12
Materials:    For each lab group of 2-3 students:
10ml—of One of the solutions below  (evenly distribute solutions among lab groups)

· 10% MgCl2
· 10ml--10% CaCl2
· 10ml--10% NaCl

· 10ml 10% Green De-Icer Mix(see directions below)
30-50 lettuce seeds

20-40 radish seeds

1--dropper, graduated 1ml or micropipetter

6--15ml test tubes

Test tube rack

7 Petri dishes(15mm x 55mm) or one-12 well plate
Permanent marker

Distilled water

Filter paper, coffee filters or paper towels cut to fit the bottom of Petri dishes/12-well plates
Teacher Prep:

For each class prepare 1 liter of the following 10% stock solutions: 
· Magnesium chloride MgCl2 (95.2 MW)

· Calcium chloride CaCl2 (110.98 MW)

· Sodium Chloride NaCl (58.44 MW) 

· Make a 1 liter stock solution of Green De-Icer Mix using the following:  
	MgCl2
	15%

	Corn meal
	3%

	Protein (albumen, gluten, or egg whites)
	5%

	Carbohydrates( corn syrup, molasses, simple syrup or honey)
	11%


Procedure:

· Using the Sea-Nine 211 power point, initiate class discussion on large ocean vessels and issues they must deal with while moving. 

· Discuss problems associated with shipping and barnacle infestations. Possible answers; increase drag (drag coefficient), hull damage , increased dry-dock and cleaning time/costs, additional  fuel consumption costs, increased air pollution

· Key issues to discuss: 

· What is an Antifoulant?

· How are they applied to ships?

· What are the environmental concerns of antifoulants?

· What is bioaccumulation?
· Stop at PowerPoint slide #6

· Explain to the student that they are going to do a series of labs that give some insight into the effects of toxic materials in water. This is a problem that green chemists could likely fix. 

· Explain in detail how the way that we treat roads with de-icer is similar to the coating that is added to the hulls of ships in order to introduce the students to the lab activity.
· Pass out  the Student Lab Procedure Sheet , “And the Award goes to…Sea-Nine 211”
· Additional teacher references 
http://www.wellesley.edu/Biology/Concepts/Html/serialdilutions.html (serial  dilution explanation)


 http://toxtown.nlm.nih.gov/ (Intro to toxic chemicals used daily)
http://extoxnet.orst.edu/tibs/bioaccum.htm (Defining bioaccumulation)
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And the Award goes to…Sea-Nine 211
Student Sheet Part One—Toxicity Bioassay
Quantitative data using serial dilution
Introduction: You may have noticed that if your town is expecting a snow or ice storm, trucks with go out and treat the roads in your neighborhood to stop the snow and ice adhering to them. But what is that substance that is used to coat the road and does it meet the criteria for green chemistry? Remember that one of the most important criteria of green chemistry is that the de-icer should work so you don’t crash your mom’s car driving to school.
Materials:
Your teacher will give you one of the following salts;
· 10ml--10% MgCl2
· 10ml--10% CaCl2
· 10ml--10% NaCl

· 10ml 10% Green De-Icer Mix(see directions below)

30-50 lettuce seeds

20-40 radish seeds

4--droppers, graduated 1ml or micropipetter

6--15ml test tubes

Test tube rack

7 Petri dishes (15mm x 55mm) or One-12 well plate
Permanent marker

Filter paper
Distilled water

1-plastic zip lock bag, gallon size
Procedure:

You will be working lab groups today. Each lab group will be testing ONE road de-icer
1) Using the permanent marker, label the test tube with the de-icer assigned by your teacher(i.e. 10% CaCl2)
2) Fill the test tube with 10 ml of the stock solution.
3) Use the permanent marker to label the remaining tubes : 
· 1%

· 0.1%

· 0.01%

· 0.001%

· 0.0001%

4) Using a pipette, add 9ml of distilled water to test tubes 2 to 6

5) Remove 1ml of your stock  solution from test tube 1 

6) Using serial dilution, complete 1/10 dilutions from tubes 2 to 6.
7) Label one Petri dish as “control” ( or one well of the 12 well plate)

8) Label  7 Petri dishes as follows: 10% , 1%,  0.1%,  0.01 %, 0.001% , 0.0001% and “control”
9) Place a filter paper into the bottom of each Petri dish.

10) Pour 5 ml of distilled water into the control Petri dish.

11) Put 5 ml of each test tube solution into its matching Petri dish.

12) Add five lettuce or radish seeds to each of the Petri dishes.

13) Stack and place Petri dishes into a single zip lock bag and seal to retain moisture.

14) Place in a well lit location, but out of direct sunlight.

15) Allow seeds to germinate over 5 to 7 days.
16) Construct a data table to record your observations.

17) Record your observations daily in the data table
18) After germination is complete, use figure below as a model to measure growth of the radical (length indicated in figure).

19) Record results in data table.

  




http://ei.cornell.edu/toxicology/bioassays/lettuce/data.asp
And the Award goes to…Sea-Nine 211
Teacher Sheet Part Two: Toxicity Determined by LD50
Goal: To determine the LD50 of compounds on Daphnia

Objectives: Students will be able to 

· Perform serial dilutions

· Calculate percent concentrations
· Determine the LD50  of road de-icers

Pre-lab preparation:
· Order  live Daphnia culture at least one to two weeks prior to experiment 

· Set-up and maintenance of cultures ( http://aquamaniacs.net/forum/cms_view_article.php?aid=33 )

Materials :For whole class

· Daphnia cultures
· Small aquarium 
· Fish net with very fine mesh
· 25 Petri dishes(15mm x 55mm)  or five-12 well plates
· Permanent marker

· Distilled water

· 1-plastic zip lock bag gallon size
· Micro-pipetters (1ml and 200µl)

· Micro-pipette tips

· Stereo Microscopes or strong hand lenses

Teacher resources

     

 http://ei.cornell.edu/toxicology/  


http://aquamaniacs.net/forum/cms_view_article.php?aid=33
Procedure:
· Purchase and maintain a culture of Daphnia magna
· Use stock solutions from dose response lab
· Discuss that  LD50 is the dose causing half of the deaths of organisms exposed at this level. Discuss the role that an LD50 measurement would have assessing the toxicology of a chemical. 
· Sea-Nine 211 is a biodegradable antifouling agent found in marine paints used on commercial vessels.  Sea-Nine 211 is a cost effective way of protecting ships from fouling without harming the marine environment. It has wide ranging activity against bacterial slime, algae, barnacles, seaweed, and other marine organisms that plague and attach themselves to the hulls of ships. Sea-Nine 211 is free from heavy metals and does not bioaccumulate in marine organisms.

· Hand out the toxicity Bioassay sheet to students and have them complete the lab experiment.
Finish the Sea-nine 211 PowerPoint from slides 6 to 12 showing how green chemists have solved this environmentally hazardous issue and ask the students to relate the solution to the principles of green chemistry.

· 
And the Award goes to…Sea-Nine 211
Student Lab Sheet Part two-Toxicity Bioassay
In this experiment you will be performing a bioassay to determine the LD50 of road de-icers on a culture of Daphnia. The LD50 is the lethal dose of a compound that will kill 50% of a group of animals when 100% of the organisms are exposed. A bioassay involves use of a biological organism to test for chemical toxicity.
Another sort of bioassay is used to test the effects of compounds being considered for use in drugs or skin care products. Before a chemical compound receives FDA approval as an ingredient in products for human use, it must be thoroughly tested on laboratory animals.

Procedure:

1) Obtain a culture of Daphnia from your teacher
2) Prepare 6 petri dishes by labeling each with type of salt and amount of concentration on the lid
3) Examine the daphnia under the microscope and determine how many you have and remove any discarded shells or dead organisms
4) Determine the concentrations of salt solutions you wish to test on your Daphnia ( a recommended starting point for salts are 1/100 (1%) or 1/1000 (0.1%). 

5) Construct a data table to record your observations, numbers of Daphnia, concentrations of substances tested, time intervals( 1 hour, one class, 24 hours,  48 hours etc. ) and the LD50  of Daphnia for each concentration. 

6) To prepare your dilutions, mass an empty Petri dish. Tare the balance. Place the desired amount of daphnia in the Petri dish, including water from culture in the transfer. It is a good idea to have 10ml as the amount of water in each dish
7) Using the mass of the water ( 1g/ml), you can determine the volume of liquid in your Petri dish.  The dilutions can then be calculated. Example: 10g H2O in Petri dish = 10ml. To make a  1/100 dilution remove 0.1ml of water with a micropipette. Add 0.1ml of 10% stock salt solution. Serially dilute each subsequent Petri dish
8) Place in a prepared location, out of light, 
9) Observe your Daphnia for the time periods selected and record percent of organisms dead at each observation on your data table. Be sure to maintain adequate water levels in dish for long term experiments!

10) Determine the LD 50 by calculating which concentration causes death in 50% of the Daphnia

POSSIBLE DATA TABLE TO SUGGEST
Daphnia Dose/Response Bioassay

Data Form

Name
__________________________

Date
__________________________

Chemical tested
___________________________

100% concentration
_____________________ mg/L

Length of experiment
_____________________ days

Constants (such as temperature and light) ______________________________________
 Table 4a. Daphnia Bioassay Results
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Make a bar graph showing the average # dead Daphnia after 48 hours: 
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Some questions to consider:  (Please answer using full sentences.)

1.  Did at least 80% of the Daphnia in the control beakers survive?  If not, what would you recommend doing differently next time to try to get a better survival rate?  Does this affect your final result?
2.  Did the rate of Daphnia survival respond in a predictable way to concentration?   Describe any trends you observed.

3. Does any of the data not fit the trends you observed?  If so, can you think of any reasons why these data might lie outside the range you would expect?

4.  What can you conclude about the toxicity of the substances you tested? Is this what you expected? Was your hypothesis supported by the data?
5.  Think about whether any of the Daphnia might have died for reasons other than poisoning by the chemical you tested.  What other factors do you think might possibly have killed some of them?

6.Using class data, compare results , data and trends.  What overall conclusions can be reached from the class data?
7.  Based on this experiment, would you say Daphnia would provide a useful bioassay organism for water samples from the environment? Why or why not?

8.  If you were going to repeat this experiment, what would you do differently? How might you improve the experimental design to reduce the variability of your data or lead to more reliable results?
EXTRA INFORMATION
Bioassays: 
A bioassay involves use of a biological organism to test for chemical toxicity. Perhaps the oldest and most commonly known example is the canary in the coal mine. Traditionally, coal miners have taken caged canaries down into the mines to help ensure a safe air supply.  Canaries are more sensitive than humans to methane, an odorless gas released during the mining process, so they were used to provide an advanced warning of when methane was building up to dangerous levels in the mines. If the canary died, it meant the miners should leave the mine as quickly as possible. 

Another sort of bioassay is used to test the effects of compounds being considered for use in drugs or skin care products. Before a chemical compound receives FDA approval as an ingredient in products for human use, it must be thoroughly tested on laboratory animals.

For environmental testing, bioassays provide an integrated picture of overall toxicity of an effluent or a sample of water, sediment, or soil from a contaminated site. Fathead minnows, various aquatic invertebrates, earthworms, protozoans, and seeds all are used for bioassays of aquatic samples (see Keddy et al., 1995, for an extensive review). The idea behind these bioassays is that the test organism will react in a predictable way to various types of environmental contaminants. Several studies have compared the sensitivies of various types of seeds to common pollutants (for example, Wang and Williams, 1988; Wang, 1987; Wang, 1986).

The following are a few examples of ways in which lettuce seed bioassays have been used by scientists for environmental testing purposes: 

· to map areas for clean-up of Superfund sites (Thomas et al., 1986) 

· to screen industrial effluents (Wang and Williams, 1988) 

· to test the effectiveness of clean-up of lead-contaminated soil (Chang et al., 1997) 

· to design clean-up strategies at a site contaminated by treatment of lumber with creosote and other compounds (Athey et al., 1989) 

Read more about lettuce seed, Daphnia, or duckweed bioassays. 
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