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OIL SPILL REMEDIATION OBJECTIVES 
� Examine the effects of oil on the feathers of marine birds 
� Examine the effects of surfactants on oil and water mixtures 
� Perform an experiment to determine which of three solutions forms the most stable emulsion and 

interpret the results 

MARYLAND SCIENCE CORE LEARNING GOALS 
Goal 1.0 Skills and Processes 
Primary focus:  1.1.1, Addresses:  1.2.3, 1.2.4, 1.3.2, 1.4.2, 1.5.1, 1.5.9, 1.7.1 
Goal 3.0 Concepts of Biology 
Primary focus:  3.5.3, Addresses:  3.6.1 

 

Visiting the MdBioLab

Oil Spill Remediation is a laboratory 
activity developed for use on the 
mobile bioscience laboratory, 
MdBioLab.  Students work as 
environmentalists to examine the 
effects of oil spills on the 
environment and compare ways 
to clean up water contaminated 
with oil using detergent and oil 
eating microbes.  The MdBioLab is 
a state-of-the-art mobile 
laboratory for high school teachers 
and students designed to bring 
new opportunities in science 
education and training to schools 
interested in expanding their 
current science curricula.  This 

educational tractor-trailer and 
instructors are capable of hosting 
32 students in a variety of 
innovative hand-son laboratory 
investigations.  Learn more online 
at www.mdbiolab.org. 

Teachers and students must first 
complete a pre-laboratory 
classroom activity to introduce the 
conceptual aspects of the 
curriculum before visiting the 
MdBioLab.  There is a pre-
laboratory classroom activity 
included in this document, 
although teachers may use 
whatever they feel is appropriate 
for their own classroom to 

introduce the laboratory activity 
and conceptual aspects.  
Suggestions for extension activities 
are also included for the 
opportunity to expand and solidify 
the students’ understanding of the 
concepts and/or to apply to real 
world situations or problems. 

MdBioLab will supply all reagents, 
equipment, appropriate personal 
protective equipment and 
instruction for the laboratory 
activity.  Teachers and students will 
be required to supply their own 
goggles (if required by school), 
pencils and copies of the student 
laboratory handout. 

 
Section I – Pre-Laboratory Classroom Activity 

� Students will explore how oil and water interact 

Section II – Laboratory Activity (on the MdBioLab) 
� Students will compare ways to clean water contaminated with oil. 

Section III – Post-Laboratory Extension Activities 
� Students will continue to explore experimental design and the effects of variables such as temperature, 

or agitation, on results. 

� Students will learn the importance of testing different remediation methods, taking into account time 
and cost 
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The transportation of oil is generally safe.  However, 
due to adverse conditions, such as weather or human 
error, as well as natural dispersion of underground 
reserves and disposal of waste, approximately 100 
million gallons of U.S. oil is spilled into the environment 
every year.  The environment is usually not disrupted 
by small spills, but when a major catastrophe such as 
millions of gallons spill at once, the environment 
becomes threatened. 

On March 24, 1989 at 12:04 am the Exxon Valdez 
struck Bligh Reef (approximately 25 miles from port) 
and dumped 11 million gallons of crude oil into the 
waters of Prince William Sound.  This was the worst oil 
spill in United States history and had profound impacts 
on the environment.  Early efforts to clean the oil spill 
included containment in fire-resistant buoys, burning 
and removal by mechanical skimmers.  Application of 
dispersants to the area was delayed due to shortages 
of the necessary chemicals as well as lack of planes 
and other machinery necessary to apply the solvents 
to the spill.  Lack of waves due to calm seas in the first 
three days after the spill decreased the effectiveness 
of the dispersants that were applied.  On March 27th, 
a storm hit the area causing high wind and waves, 
driving the oil slick toward the shore, eventually 
affecting over 1,900 km of shoreline.     

Oil Spills 

When oil is spilled into a body of water (such as the 
ocean) it spreads over the surface and forms a slick.  
This is harmful because the oil that is floating on the 
surface releases toxic substances into the 
environment as well as coating any substance that it 
contacts, including birds, mammals and shorelines.    

Remediation 

There are several methods that are used to clean up 
oil-spills.  The effectiveness of each method depends 
upon a variety of factors including environmental 
variables, type of oil spilled, economic resources and 
location of spill.  There is no single best method for 
cleaning up an oil spill.  In fact, most oil spill clean-up 
efforts utilize a combination of methods.  The three 
major categories of oil spill remediation methods are 
1) Containment and Removal, 2) Application of 
Dispersants and 3) Bioremediation.   

The goal of this lab is to test which method creates 
the most stable emulsion.  

Emulsion.  A suspension of small globules of one liquid 
in a second liquid with which the first will not mix: 
when agitated, oil and water create a temporary 
emulsion. 

Dispersants 

Dispersants contain surfactants (detergents), which 
have both water-loving (hydrophilic) and water-
fearing (hydrophobic) regions.  The hydrophilic heads 
of these molecules readily interact with the water 
while the hydrophobic tails interact with the oil.  This 
results in the oil slick breaking into tiny droplets that 
disperse throughout the water.  

Bioremediation 

The use of microbes to decompose hazardous 
substances into non-toxic elements is an example of 
bioremediation.  Oil eating microbes are naturally 
occurring organisms that feed on oil, breaking it down 
into less harmful components such as fatty acids, 
which can then be broken down even further into 
carbon, carbon dioxide, and water.  Humans can 
help temporarily increase the concentration of OEM's 
by adding nutrients (such as nitrogen and 
phosphorous) to the water to encourage microbial 
growth at the site of an oil spill.   

Use of Controls in Scientific Experiments 

The use of controls in science is universal.  Controls are 
particularly important where the results of the 
experiment are dependent on the proper completion 
of a series of steps. 



 

OIL SPILL REMEDIATION  | INSTRUCTOR’S VERSION  | PAGE 3 

SECTION 1 - Pre-Laboratory Classroom Activity 
The objectives of the classroom activity are: 

� Observe the effects of an oil spill on an ecosystem using photos or the internet 
� Identify different methods of containing and cleaning an oil spill 
� Analyze the properties of oil and water before, during and after agitation  
� Discuss surfactants and oil-eating microbes and explore their role in oil spill clean up 
� Work cooperatively to create a list of possible solutions 
� Verbally communicate procedures and observations Materials 

Visit http://www.cleanupoil.com/gallery.htm for a photo gallery of oil spills throughout the world, and different 
remediation methods. 

Engage (15 min) 

Have students look at the different images and write their observations and thoughts on impact to the 
environment,  

Explore (20 – 30 min) 

The impact of location (inland sea, close to shore, geography) and logistical problems that arise because 
of location 

Explanation (10 – 15 min) 

Each group should study the pictures of oil spills and create a list of variables that could make clean up of a 
spill difficult.  Share the list of variables each group has compiled and as a class, generate different 
methods by which a spill could be controlled. Instruct the students to identify any variables that may help 
them to select a clean up method that would work best in a given situation.  Create a list of clean up 
methods.   

Discussion Questions 
� How does the oil slick affect the ocean ecosystem? 
� Do the properties of oil and water help or hinder our attempts to clean up the spill?  Why or Why not? 
� What, if any, preventative measures can be used to avoid a spill? 
� In our experiment on the MdBioLab we will use fresh water to model an oil spill but the ocean is salt 

water.  Will oil react differently with salt water?  Why or why not? 
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SECTION II – Laboratory Activity 
This interactive procedure provides a context for introducing a real-world application of using bioremediation.  
Students model the testing of dispersants and oil eating microbes to clean water contaminated with crude oil.   

The objectives of the laboratory are as follows: 
� Examine the effects of oil on the feathers of marine birds 
� Examine the effects of surfactants on oil and water mixtures 
� Perform an experiment to determine which of 3 solutions forms the most stable emulsion 
� Interpret the results of the experiment 

Materials 
200 – 1000 µL micropipette and tips 
OEMS, Palmolive, Feather 
Water samples contaminated with oil 
Student handouts 

Step 1 – Students observe the effects of oil on marine life.  Students will individually dip a feather into a control 
water sample, and then compare that result to a feather dipped in a oil/water mixture. When oil is spilled into a 
body of water (such as the ocean) it spreads over the surface and forms a slick.  This is harmful because the oil 
that is floating on the surface releases toxic substances into the environment as well as coating any substance 
that it contacts, including birds, mammals and shorelines.    

Step 2 – Students compare bioremediation and the use of dispersants.  The students will use OEMS and 
Palmolive to emulsify the oil.   In addition, they will prepare a negative control for comparison.  Students will 
add 2000 µL of the negative control, Palmolive and OEMs into containers of water contaminated with oil. The 
samples will be agitated to mimic adverse weather conditions. 

Step 3 – Students compare the effectiveness of Palmolive and OEM samples to the negative control.  The 
negative control should have no effect on the contaminated water.  The students will compare the results of 
their experimental samples to the negative control.  Based on the comparisons students can draw conclusions 
as to the effectiveness of remediation efforts.    

Step 4 – Data analysis and conclusion:  As ecologists hired to assess the damage of the oil spill, your students 
should survey the spill site and record their observations.  In their report, they should explain the properties of oil 
and water, and what happens when they are mixed.  The students should discuss how the spilled oil affected 
the different aspects of the ecosystem (water quality, wildlife, shorelines).   This information will be used to 
determine if the methods used in the oil spill clean up were effective as well as provide information that will 
help improve future remediation efforts.   

DISCUSSION QUESTIONS 
� What is a surfactant?  What types of solutions typically contain surfactants? Can surfactants be used to 

clean an oil spill?  How do they work?  Use drawings to illustrate.   
� What are some environmental conditions that would aid in the formation of an emulsion? 
� How might introducing surfactants affect the environment?  Would the introduction of surfactants favor 

one type of organism over another? 
� What are OEM's?  How do OEMs break down oil?  What are the products? 
� Can OEM's effectively clean an oil spill?  How? 
� Which method (i.e. containment, dispersants or bioremediation) would be best to use in the 

environment?  Why? 
� What would be the effect of combining a surfactant with OEM's?  Would this speed up the rate of oil 

degradation by the OEM's?  Why? 
� Would OEMs make a good household cleaner?  Why or why not? 
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SECTION III – Post Laboratory Activities 

Websites 

Check out Ocean Odyssey’s “Impact of An Oil Spill” video clip: 
http://www.splashvision.com/Video/10649_Ocean-Odyssey---Impact-of-an-Oil-Spill.html 

NOAA: 
http://response.restoration.noaa.gov/kids/spills.html 

 

Factors affecting microbial activity 

This extension activity takes advantage of the OEM's that the students took with them after completing the 
laboratory exercise. 

Teachers can continue to explore the use of bioremediation and OEM's under different environmental 
conditions.  Students can be challenged to speculate on the effects different variables (such as 
temperature, agitation, amount of oil and addition of nutrients) would have on the rate of microbial 
degradation of oil.  Students can write specific hypotheses and design experiments to test them.  Results 
can be collected and analyzed and presented in the format of a scientific paper (including introduction, 
methods, results and discussion sections).  Note:  the OEM's can be stored indefinitely in a refrigerator and 
motor oil or vegetable oil can be used as a food source. 

 

Oil spill Clean-up Challenge  

The purpose of this Post-Laboratory extension is to challenge students to solve the problem of remediation 
of an oil spill on a model of a body of water.  It provides students with the opportunity to develop ideas 
about how to prevent the destruction of the environment by contamination of a hydrocarbon.  This is an 
inquiry-based activity that will lead the students in different directions with varying outcomes, some of which 
are given as examples.   

� Analyze the way oil and water interact and ways to clean an “oil slick” 
� Work cooperatively to solve a problem  
� Record and execute procedures developed by each group  
� Verbally communicate procedures and results  
� Express results in a clear manner which can be reproduced by others in the class 

Post-Laboratory Materials: 

One 9X12 clear glass baking dish or enough 8X8 glass baking dishes for each group of 4 students 
(aluminum pie plates can be used, but the clear dish allows for side-view observation) 

Water Blue food coloring 
3 tbs. vegetable oil per dish 1 tbs. pure cocoa powder per dish 
Popsicle sticks or other stirring rod Tweezers or tongs 
A coffee mug or disposable cups Bird feathers or decorative feathers 
Sandwich bags for disposal of used materials  
Variety of absorbent materials to choose from (examples include paper towels, cotton balls, rag, 
string, nylon pot scrubber, sponge, Styrofoam cup, peat moss, Shredded Wheat, cheese cloth) 

Post-Laboratory Engagement (5-10 minutes)  

The following instructions are for groups of four students.  If doing this in a single container for the whole 
class, follow the same instructions, but it will be done, as a demonstration with the students guiding the 
direction the teacher should take. 

Each station should be set up with a selection of absorbent materials, an observation sheet, and a cost 
analysis document.  Also available at the stations should be tongs or tweezers and feathers.  If desired, 
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the teacher can have other absorbent materials available for “purchase” by the students.  This mock 
body of water can be prepared by the teacher or by the individual groups: 

1. Place one baking dish at each group’s station filled with cold tap water within two inches of the 
rim. 

2. Add 4-5 drops blue food coloring and mix with a stirring stick. 

3. Dip a feather into the clean water and put it aside, labeled, on the desks for observation later. 

4. Place 3 tbs. of vegetable oil in the mug or cup. 

5. Add 1 tbs. cocoa powder. 

6. Mix thoroughly using Popsicle stick or stirring rod – mixture should be thick but pourable – adjust 
the oil or cocoa powder as necessary.  The oil could alternatively be colored with cocoa butter-
based food coloring powder. 

7. Slowly pour the “crude oil” from a height of about 2-3 inches onto the top of the water in the 
dish. 

Post-Laboratory Exploration (30-40 minutes)  

As an employee of MdBio Environmental Resource and Recovery, Inc. you have been dispatched to a 
critical oil spill.  It is your job to determine the extent of the spill, how it could effect the environment, and 
how the spill can be cleaned.  You will need to record your observations and justify why you chose the 
method you did based on factors such as time, cost of materials, cost of disposal of materials, etc.  
Although there is a selection of various materials, you are free to explore other options, remember that 
the same time and cost restrictions apply. 

1. Record observations of the oil under different “weather conditions” by gently agitating the dish 
(do not spill) or blowing over the surface.  How did this affect the oil spill? 

2. Allow the mixture to rest for 2-3 minutes without disturbing the surface. 

3. Dip a clean feather into the oil spill and place on a paper towel.  What did the oil do to the 
feather? 

4. Investigate the absorbent materials that you have available and decide with others in your 
group how the oil spill can be cleaned. 

5. Place the material of choice into the middle of the contaminated water.   

6. Record the length of time the material is in contact with the oil/water. 

7. Record any other observations, including the movement of the oil, movement of the water, 
change in the depth of the oil slick, etc. 

8. As the absorbent materials are saturated, place into a plastic sandwich bag for disposal.   

9. Record the number of sandwich bags required for disposal.  Should this be considered solid or 
liquid waste?  Did you need to add more materials to the bag to keep it from leaking? 

10. Make sure each person in the group knows their responsibility in the project so that another spill 
does not occur outside the dish (from agitation of the dish or leaking from the absorbent 
materials). 

11. Can you use one of the materials to remove the oil from the feather?  What else could you use? 

12. Clean the oil slick with your method of choice.  When you consider the spill cleaned up, dip a 
clean feather into the water.  Is the feather affected?  Does it look the same as the feather that 
was dipped in clean water? 

13. If there is time, make more “crude oil” and try another method for cleaning it up.  Did one 
method work better?  If you had time, would you try something different?  A combination of 
methods?  Could agitation or “wind blowing” actually help the clean up? 
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Post-Laboratory Assessment (20-30 minutes)  

Present your results to the other groups.  Use your observation and cost analysis documents to justify your 
results.  Encourage discussions using the following questions, and others, as a starting point: 

� What did you learn from the other groups?   

� Would you try something different if given the opportunity?   

� What are some other options for cleaning an oil slick?   

� Would the size of the body of water or depth make a difference on your methods? 

� Would the amount of oil and the depth of the slick change your decision? 

� Did the materials sink or float?  Did this change how you approached the clean up? 

� How would you dispose of the sandwich bags that contain the materials and oil?  Does this 
make a difference in your choice of material? 

 
 


