Water Quality Testing at Eagle Nest Site (Pre-Activity)
Bayfield High School, Apostle Islands National Lakeshore and Great Lakes Inventory and Monitoring Network

Goal:
•
Relate chemistry concepts to local issues.


•
Describe chemistry of mercury in the environment. (Sources of Hg, Hg vs methyl mercury CH3Hg+, pathways into organisms, bioaccumulation, effects on living organisms.)


•
Relate water pH and dissolved organic carbon (DOC) to methyl mercury (CH3Hg+) level in the water sample.

Prerequisites:
•
Understanding of basic chemistry.

Objectives:
Students will be able to:


•
describe the difference between Hg and CH3Hg+.


•
list natural and human-made sources of mercury introduced into the environment. 


•
describe the formation of CH3Hg+ from Hg.


•
describe the process of bioaccumulation.


•
describe the effects of Hg in organisms.


•
describe the connection between pH and DOC data being collected and the Hg level in eagles.


•
identify other chemical contaminants included in NPS research.

Procedure:
In the classroom

•
Demonstrate the difference between an elemental metal and an ionized metal. Fill two test tubes with distilled water. Drop metallic copper (such as penny, filings, or bearings) into one test tube. Add a copper salt (such as cupric nitrate or cupric chloride) to the second test tube. Students will observe no change in the water with metallic copper and a color change in the water with a copper salt.  This demonstrates how an elemental metal and an ionized metal behave differently.  The difference could be further demonstrated by performing a flame test on both liquids to show that the copper salt has dispersed throughout the water in the second tube.  This demonstration can help explain the difference in toxicity of elemental mercury and methyl mercury.


•
Discuss the topics listed above.

· The difference between elemental mercury and methyl mercury.  Elemental mercury is not taken up by the human body in any appreciable amounts and is therefore not extremely toxic.  However, once it has been converted to methyl mercury it can now be absorbed into the blood stream and carried throughout the body. (1)

· Sources of mercury.  Mercury can be found in certain soils and rock formations.  It is a natural component of the earth’s crust.  For example, mercury can be found in coal formations.  Mercury that is bound in coal formations is released into the atmosphere when coal is burned (e.g. coal burning power plants).  This atmospheric mercury travels with weather systems in the atmosphere and eventually deposits on the earth’s surface. That is one method by which humans contribute to the mercury levels in the environment.  We also use mercury in other ways.  Mercury is a liquid at room temperature and because it is a metal it conducts electricity.  Therefore, mercury has been used in electrical switches.  Mercury is also found in fluorescent lights.  Mercury also used to be used in many thermometers.  Therefore, when any of these devices (thermometers, mercury switches, fluorescent lights) breaks or is disposed of mercury can then enter the environment. (1)

· Once elemental mercury enters the environment, it is available to living organisms. When anaerobic bacteria take in elemental mercury, the mercury becomes bonded to a methyl radical (CH3) to form methyl mercury. (3)

· If an animal takes in elemental mercury, the mercury passes through the animal’s digestive system unchanged and is excreted from the animal.  Methyl mercury, however, behaves differently.  Methyl mercury that is ingested can be absorbed into the blood stream where it can be carried throughout the body. (5)

· Bioaccumulation begins when methyl mercury is taken up by plankton. Small fish eat large amounts of plankton, and bigger predatory fish eat small fish. Other predators, such as eagles, eat the large fish and accumulate all the mercury that has worked its way through the food chain. The “Hazardous Links” activity from Project Wild could be used as an activity to demonstrate bioaccumulation. (2,3)

· In animals, mercury can affect the immune system, enzyme system, gastrointestinal system, and nervous system. It can also be damaging to embryos. It has also been shown that as mercury concentration in fish increases successful fertilization decreases. (3,5)

· The primary purpose of this project is to involve students in research associated with mercury levels in eagles. Eagles acquire mercury through the process of bioaccumulation. The fish eaten by the eagles sometimes contain high levels of mercury. Higher acidity in the water (lower pH) and higher dissolved organic carbon (DOC) levels generally result in higher mercury levels in fish. Therefore, the pH and DOC levels in water samples obtained near eagle nests may be an indicator of mercury levels in these eagles. (6)


•
Introduce other chemical contaminants identified in NPS eagle research: polybrominated diphenyl ether (PBDE, fire retardant) and PFOS (perfluorooctane sulfonic acid, stain retardant)

Assessment:
•
Students will prepare a presentation (poster display or Power Point) to be used for presentations within the school and for a presentation to NPS staff.

Resources:
1.
“An Introduction to Mercury in the Environment,” Acadia Partners for Science and Learning, 2008.



2.
Project Wild, “Hazardous Links” activity.



3.
Handbook of Ecotoxicology, David J. Hoffman, Barnett A. Rattner, G. Allen Burton, Jr., and John Cairns, Jr, Lewis Publishers.



4.
Environmental Pollution, W.J. Manning, K.C. Jones, B. Nowwack, C. Wieggand, and Y.-G. Zhu, Elsevier Publishing.



5.
Ecotoxicology, Volume 17 Number 2 February 2008, Springer.



6. “Mercury in the Environment: Fact Sheet 146-00 (October, 200)” U.S. Geological Survey, http://www.usgs.gov/themes/factsheet/146-00/index.html, Sept 26, 2002.
Water Quality Testing at Eagle Nest Site

Bayfield High School, Apostle Islands National Lakeshore and Great Lakes Inventory and Monitoring Network

Goal:
•
Introduce students to field research methods. (paired sampling, data collection, instrument calibration)


•
Relate water pH and dissolved organic carbon (DOC) to methyl mercury (CH3Hg+) level in the water sample.


•
Relate chemistry concepts to local issues.


•
Foster an understanding of and a sense of stewardship for national park resources.


•
Provide valuable data to enhance NPS research.

Prerequisites:
•
Explanation of  why mercury in eagles is being monitored by the National Park Service (NPS). (Discussion, readings, Power Point presentation)



•
Discussion of mercury (Hg) and CH3Hg+ in the environment. (sources, chemistry, Hg to CH3Hg+ conversion, effects of Hg in living organisms)

Objectives:
Students will be able to:


•
calibrate field instruments.


•
describe one reason for taking paired samples at the nest site. 


•
collect data that meets quality assurance, quality control (QAQC) standards.


•
describe the connection between pH and DOC data being collected and the Hg level in eagles.


•
explain why this data is valuable to the NPS.

Procedure:
In the classroom

•
Identify on a map the location of the test site.


•
Describe the protocol of sampling.


•
Describe the protocol of approaching a nest site.


•
Students will calibrate the testing instrument.




In the field (the site will be tested at two points: stream mouth and in the bay)


•
Following standard operating procedures (SOP) for GPS, identify the location of sampling at the stream mouth and the sampling point in the bay.


•
Following SOP for water sampling record data for pH and DOC in stream mouth and the bay.

Assessment:
•
Students will enter data into a prepared spreadsheet.



•
Students will prepare a presentation (poster display or Power Point) to be used for presentations within the school and for a presentation to NPS staff.

Resources:
•
NPS interpretive staff member



•
NPS researcher



•
NPS protocols and SOP



•
Field pH and DOC meter

Water Quality Testing at Eagle Nest Site (Post-Activity)

Bayfield High School, Apostle Islands National Lakeshore and Great Lakes Inventory and Monitoring Network

Goal:
•
Complete a student research project that compliments current NPS research.


•
Create a presentation (Power Point presentation, poster display, research paper) that can be used to communicate research results.


•
Provide valuable data to enhance NPS research

Objectives:
Students will:


•
Assist with the design and implementation of research related to research on Hg level in eagles being completed by the NPS.


•
Complete a presentation to communicate research results.

Procedure:



•
With the assistance of NPS researchers choose nest sites within and near the Apostle Islands National Lakeshore where data will be collected.


•
Using the same procedures and protocols in the “Water Quality Testing at Eagle Nest Site” activity collect data at selected sites at a predetermined frequency over a predetermined period of time during critical times of eagle nestling development.

Assessment:
•
Students will prepare a presentation (poster display or Power Point) to be used for presentations within the school and for a presentation to NPS staff.

Resources:
•
NPS interpretive staff member



•
NPS researcher



•
NPS protocols and SOP



•
Field pH meter



•
Intel International Science & Engineering Fair guidelines



•
National Junior Science & Humanities Symposium guidelines.



•
Handbook of Ecotoxicology, David J. Hoffman, Barnett A. Rattner, G. Allen Burton, Jr., and John Cairns, Jr, Lewis Publishers



•
Environmental Pollution, W.J. Manning, K.C. Jones, B. Nowwack, C. Wieggand, and Y.-G. Zhu, Elsevier Publishing



•
Ecotoxicology, Volume 17 Number 2 February 2008, Springer

Park Significance:

1.   Shaped and isolated by Lake Superior and located where northern hardwoods and boreal forests meet, the islands of Apostle Islands National Lakeshore sustain rare communities, habitats, and species of plants and animals. Some of these communities are remnants of ancient forests, providing a rare glimpse into the past.

The following Fundamental Resources have been identified for Apostle Islands National Lakeshore:

1.
Important bird habitat including resting areas for migratory birds, nesting areas for summer residents including colonial birds, and critical piping plover habitat.

Primary Interpretive Themes:

1.  
The stories of Apostle Islands National Lakeshore reveal themselves along edges where water meets land and sky, field meets forest, culture meets culture, and past meets future.

2.  
The Apostle Islands' protected plant and animal communities, remote yet not removed from outside influences, serve as indicators to help measure the pulse of the planet.
Wisconsin Model Academic Standards addressed in this activity:

A. 
Science Connections 12.1, 12.3, 12.5, 12.6, 12.7

Students in Wisconsin will understand that there are unifying themes: systems, order, organization, and interactions; evidence, models, and explanations; constancy, change, and measurement; evolution, equilibrium, and energy; form and function among scientific disciplines.
B. 
Nature of Science 12.2, 12.3, 12.4, 12.5

Students in Wisconsin will understand that science is ongoing and inventive, and that scientific understandings have changed over time as new evidence is found.
C.
Science Inquiry  12.1, 12.3, 12.4, 12.5, 12.6

Students in Wisconsin will investigate questions using scientific methods and tools, revise their personal understanding to accommodate knowledge, and communicate these understandings to others.
D. 
Physical Science  12.1, 12.4

Students in Wisconsin will demonstrate an understanding of the physical and chemical properties of matter, the forms and properties of energy, and the ways in which matter and energy interact.
E.
Earth and Space Science  12.2, 12.4

Students in Wisconsin will demonstrate an understanding of the structure and systems of earth and other bodies in the universe and of their interactions.
F.
Life and Environmental Science  12.7, 12.8, 12.9

Students in Wisconsin will demonstrate an understanding of the characteristics and structures of living things, the processes of life, and how living things interact with one another and their environment.
G.
Science Applications  12.2

Students in Wisconsin will demonstrate an understanding of the relationship between science and technology and the ways in which that relationship influences human activities.
H.
Science in Social and Personal Perspectives  12.1, 12.4, 12.6

Students in Wisconsin will use scientific information and skills to make decisions about themselves, Wisconsin, and the world in which they live.
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