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Lesson 1 – Traditional Foods and Contaminants 

Lesson Objectives: 

 Know why traditional foods been important for people in the past         

  Understand how we consume what is in the land and the waters    

 Study naturally occurring contaminants in the region- mercury, antimony, and arsenic 

 Examine man made pollution that contaminates traditional foods 

 Know there are contaminants in traditional foods that have come from outside Alaska  

Teaching: 

 

 

 

 

 

 

 

 

 

 

 

Alaska has a nickname as the “Last Frontier.” Most people, who do not live in Alaska, consider 

Alaska’s land, air and waters to be pristine and pure. Americans care about Alaska. This is the 

reason that the United States Federal Government created so many National Parks, Wildlife 

Refuges and Wildlife Preserves in our land. But nobody cares about Alaska more than the first 

people to live here. Changes are happening with our land and waters. How will these changes 

affect us as a people?  

One of the biggest affects we could experience is the quality of our traditional food supply. Our 

food comes from the land and waters that surround us. For thousands of years we have subsisted 

on these foods that were not always plentiful or available. Our traditional ways of hunting, 

fishing and gathering took a lot of time and required lots of energy. Because of this we were 

Mt. Denali during sunrise                                                                       

Image courtesy of Alaska photo library 
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strong; we ate healthy food, and had balanced lifestyles. Our traditional diet consisted of wild 

animals, fish and plant foods that provided us with all the nutrients and energy we needed. 

 

We know that as water runs over the land it erodes the rocks and helps to create soil. Wind picks 

up soil or sand bits and erodes other rocks as it blows against them. Wind also creates new 

landforms like the ancient sand dunes found throughout the Upper Kuskokwim region. Ancient 

Ice Ages and currently existing glaciers are carving the Alaska Range. These glaciers have spent 

hundreds, or even thousands of years carving the rock from mountains and valleys and grinding 

them into dust. When the glacier melts it releases the ground up dust allowing it to run into the 

rivers as silt. Silt is so fine that the running water can pick it up and carry it downriver. If we take 

water out of the river, and do not filter it or let it settle out, we drink this silt. So do the animals 

and fish we eat. 

When we eat or drink from our land and waters, we consume what is in the land and waters. 

Alaska’s land contains many naturally occurring elements that are considered “contaminants.”  

Contaminants are impure, unclean or even toxic to humans, animals, fish and plants. 

Contaminants can even foul the rain that falls and the air we breathe! 

 

Metals of concern at the Red Devil Mine site located on the Kuskokwim River in Alaska include mercury, arsenic, 

antimony and lead. Image courtesy of Bureau of Land Management 

Naturally occurring contaminants found in the Upper Kuskokwim River region’s rocks are 

mercury, antimony and arsenic. Mercury comes from a rock type called cinnabar and it is 

considered a rare metal. But its’ occurrence is not very rare in the Upper Kuskokwim region as 

there are known cinnabar deposits. Cinnabar has even been mined in the Upper Kuskokwim 

River in the past! Antimony is a semi rare metal that can be found by itself in nature, but it 

usually comes from the rock called stibnite. Stibnite occurs in our region also. Arsenic is a 



 5 

chemical element that can also occur naturally, but is also found in realgar, another rock type 

found in our region. All three of these naturally occurring elements are released by some form of 

erosion and are toxic to life if consumed in large enough quantities. 

However, naturally occurring contaminants are not the only contaminants finding their way into 

our traditional food and water sources. Some of them are released as a result of our adaption of 

western ways. Outboard motors release oil and gas into our waters, burning any kind of plastic 

releases toxic chemicals into the air. Even wood smoke can settle around our home or village and 

pollute the air we breathe. Landfills contain trash that can leak into the water table. Animals can 

get into the landfills and eat things that can poison them or contaminant their bodies. If we kill 

and eat those animals, or eat berries growing near the area, we run the risk of getting it into our 

bodies also.  

Another source of contamination to our food and water sources comes from mining, old leaking 

oil drums, World War II activity in Alaska that left toxic waste behind. Even nuclear waste has 

found its’ way into our food sources. These sources are located in Alaska, and there have been 

attempts to control the release of contaminants into the air, land and waters, and clean up the 

contamination that happened in the past.  

However, it has recently become known that there is another source of contamination to our food 

and water sources; contamination that travels to Alaska from places far away from us. Some of 

these contaminants were poisons that are now banned. Some contaminants never dissolve, 

evaporate, break down or go away. And that is why we are now finding them in Alaska. There is 

a risk of us getting sick from eating these contaminants through a process called 

“biomagnification.”  

These last two sources of contamination to our food, air and water sources are what we will 

explore in the following lessons. 

Activity 1 – Elder Discusses How People Kept Traditional Foods Free from 

Contamination  

Objective: 

Have an Elder discuss how people kept traditional foods free from contamination in the past      

Resources: 

 Elder who knows the history of the Upper Kuskokwim region         

 Learning logs 
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Procedures: 

1. The teacher invites an Elder to the classroom to discuss how people kept traditional foods free 

from contamination in the past 

2. The students brainstorm questions to ask the Elder about contamination in the Upper 

Kuskokwim. Examples of questions:  

 Why have traditional foods been important to people in the past 

 Did you ever see any trash on the land? 

 Did the water in the river ever look or smell different than it usually does? 

3. The teacher asks students to discuss why clean air, land, and water is important to their 

families, and what they can do to help keep it clean. 

4. The Elder speaks to the class about the contamination the people saw in the past and how they 

kept the area clean. 

4. When the Elder speaks to the class, the students listen respectfully to what he has to share and 

take brief notes in their learning logs.  

5. The teacher and students talk about Athabascan culture, beliefs, and values that the Elder 

shared with the students during his talk on water quality and the Upper Kuskokwim community. 

                                                                                                                                               

6. The students record their thoughts about what the Elder said in their journals.  

 

7. The students create a thank you note to send to the Elder to show their appreciation for him 

coming.  

Activity 2- “La’Ona Dewilde-Environmental Biologist”  

Objective:  

 To learn how an Environmental Biologist helps protect human health and the 

environment. 

 To talk with students about a career as an Environmental Biologist 

Resources: 

 “La’Ona Dewilde-Environmental Biologist” (Public Broadcasting Service video ) @ 

www.pbslearningmedia.org/resource/ean08.sci.life.eco.dewilde/laona-dewilde-

environmental-biologist/ 

 Learning logs 

Procedures: 

http://www.pbslearningmedia.org/resource/ean08.sci.life.eco.dewilde/laona-dewilde-environmental-biologist/
http://www.pbslearningmedia.org/resource/ean08.sci.life.eco.dewilde/laona-dewilde-environmental-biologist/
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1. The teacher tells the students that they will be watching the PBS video “La’Ona Dewilde-

Environmental Biologist” that shows how La’Ona helps people protect the environment 

in rural Alaska.                                                                                                                    

 

2. The teacher asks the students to watch the video and answer the following questions in 

their learning logs:  

 

a. What does La’Ona DeWilde do for a living?  

 

b. Name three reasons La’Ona is interested in mapping? 

 

c. Where did La’Ona grow up in rural Alaska? 

 

d. Name two environmental toxins found in rivers that can come from contaminated 

sites.  

 

e. What two science skills does La’Ona teach people in rural Alaska that help them 

protect the environment? 

 

3. After the students have completed the assignment, the teacher asks them if they would 

like to become an Environmental Biologist so that they can help people living in rural 

Alaska communities take care of the environment. 

Activity 3- Compare the Silt in the Lakes and Rivers 

Objective: 

To compare the amount of silt that is found in the lakes and the rivers 

Resources:  

 Bucket for collecting water 

 Clear containers to pour the water into 

 Table: “Compare the Amount of Silt Found in Lakes and the River”  

 Learning logs  

Procedures: 

1. Gather water from rivers and lakes. See how long the water takes to settle out.  

2. Compare the two.  

Activity 4- Experiment with Filtering Water 

Objective: 

To see how clean water gets after filtering 

Resources:  
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 Bucket 

 Sphagnum moss 

 Cheesecloth 

 Coffee filter 

 Learning logs 

Procedures: 

1. Try a coffee filter or some other loosely woven cloth like cheese cloth, or whatever was 

used traditionally to filter things (like clean moss maybe?) See how clean the water gets 

after filtering 

Activity 5- “Dustin Madden Science Teacher”  

Objective:  

 To see how a science teacher works with students to protect the environment 

 To talk with students about a career as a science teacher 

Resources:  

 “Dustin Madden Science Teacher” (Public Broadcasting Service video) @ 

http://www.pbs.learningmedia.org/resource/ean08.sci.life.eco.madden/dustin-madden-

science-teacher/ 

 Learning logs 

Procedures:  

 

1. The teacher tells the students that they will be watching the PBS video “Dustin Madden 

Science Teacher” that talks about how Dustin Madden, a science teacher who grew up in 

rural Alaska works with students to protect the environment. 

 

2. The teacher asks the students to watch the video and answer the following questions in 

their learning logs: 

 

a. What two classes in school can help a student learn how to take care of the 

environment? 

 

b. What rural Alaska community is Dustin Madden from? 

 

c. What kind of outdoor activities did Dustin Madden do with his family when he was 

growing up that helped to decide to become a science teacher? 

 

d. How does Dustin help students learn about science? 
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3. After the students are done, the teacher asks them if they would like to become a science 

teacher so they can help students learn how to take care of the environment in their local 

community. 

Activity 6- Take a Walk to Discover How Wood Smoke Circulates through the 

Village 

Objective:   

To see how wood smoke circulates around the village in the winter 

Resources:  

 Telida Village Environmental Health Brochure   (additional teacher resources)                                                                                

 Map of the village                                        

 Learning logs            

Procedures: 

1. In the winter, look at the circulation of wood smoke around the village. Remember, if you 

can smell it you are breathing it. 

Activity 7-Examine the Landfill for Contaminants 

Objective: To examine the landfill for contaminants 

Resources:  

 Community landfill  

 Learning logs 

Procedures: 

1. How secure is your landfill? Can animals get into it? What is in there that can harm 

them? Do you see anything leaking into the ground like oil, etc.? 

Activity 8- Assess the Rain Water that is coming off the Roof 

Objective: To examine the rain run-off from the roof 

Procedures: 

1. Catch rainwater without it running off a roof. How clean it is? Does it get cleaner after 

filtering it? Or is the air clean? 
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Lesson 2 – Contaminants - Sources and Pathways 

Teaching: 

As we learned in the first lesson, contaminants occur naturally or are caused by human activity. 

Testing our waters is one way to find out what contaminants are in the waters that occur 

naturally. That has been accomplished. The way to find out if contaminants are entering our 

subsistence foods is to test them. The question is…is there a good enough reason to suspect that 

our subsistence resources are getting contaminated? Is there a need to test moose, beaver, berries, 

etc.? The Upper Kuskokwim River region does not have a high volume of human activity, why 

should we be worried? 

The reason is the sources of where they come from and the pathways contaminants travel to 

come to us, even when we are not causing any contamination! It is because of the way the winds 

move about the earth and the movement of water around the earth. 

A Global Perspective 

Have you ever flown into Barrow, Alaska? The strangest thing happens as you fly north in that 

direction. The sky far above the earth is purple and gray, full of pollution. It is totally unexpected 

and makes one wonder, why? Barrow is a large village that does not have a factory that is 

capable of producing that much air pollution. As a matter of fact, nowhere in Alaska is there an 

ability to produce that much air pollution! Not unless there were millions of acres of wild fires 

burning at once. So how did all that smoke and air pollution get above Barrow, Alaska? 

Actually, that pollution is called “Arctic Haze” and is found covering all the skies above the 

Arctic Ocean. It is the same way over the Southern Pole and Antarctica. Winds and water comes 

to us from all over the world. Through these actions, the Arctic Ocean is becoming full of 

contaminants. High levels of contaminants are already being found in polar bears, seals, walrus, 

and in the Native peoples of the Arctic. Most of this contamination is coming from deep ocean 

currents, and global wind currents. 

The Upper Kuskokwim River region is not strongly affected by deep ocean currents. The two 

main methods are through the water cycle and wind currents. 

The Water Cycle www.msc.ucla.edu/oceanglobe/pdf/climatecurrentsentire.pdf 

Water not only flows within the oceans as oceanic currents, it also circulates through the 

atmosphere and across the land. The water cycle describes the circulation of water from the 

oceans, to the atmosphere, to the land and back to the oceans. Water evaporates from the Earth 

into the atmosphere where it becomes water vapor. Water vapor eventually condenses, which 

forms clouds that are blown across the Earth’s surface by high level winds. The clouds become 

full of the water vapor, and water, in the form of rain or snow or ice, precipitates into the oceans 
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or onto the ground. On land the water collects into rivers and lakes or work its way down into the 

groundwater. Eventually all water flows back to where it came from…the oceans that cover 70% 

of the surface of the Earth. Then the cycle begins again. Water is never created or destroyed. It is 

recycled over and over again through the oceans, the atmosphere, and through the freshwater 

systems. Each drop of water on the face of the earth is as old as the Earth itself!  

www.morrisville.org/paml/classrooms/journey/journey_watercycle/watercycle/cycle1.gif  

Wind Currents 

Wind is air moving across the surface of the Earth. Basically all winds are caused by unequal 

heating of the Earth by the sun. Because the sun is millions of miles away from the earth, the 

rays of light and heat from the sun that reach the surface of the Earth are parallel to one another. 

But the Earth is round, and only at the equator does energy from the sun fall on a flat surface at a 

right angle to the sun. At the poles solar radiation falls on surfaces that curve sharply away from 

the sun. 

 

To see how that works you can take a flashlight and shine it on a ball or a globe. If you shine it at 

the middle of the ball or globe, which is like the equator, you can see that the beam of the 

flashlight is round and straight. If you stand back a bit and shine the beam of the flashlight 

http://www.morrisville.org/paml/classrooms/journey/journey_watercycle/watercycle/cycle1.gif
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evenly moving up, or down, the ball or globe, you can see how the light beam begins to bend and 

is no longer able to shine directly on the ball’s surface. In real life, the sun shines directly on the 

equator and heats the air evenly. The winds at the equator are rather stable, circulating in a 

regular pattern. 

 

As you move further north, or south, on the face of the Earth, the sun heats the air unevenly 

because it cannot shine directly on the surface. This causes the wind patterns to become unstable 

and vary in their patterns. This becomes extremely important when talking about the spread of 

contamination. As seen from the picture below, bands of winds circulate around the Earth in a 

fairly dependable pattern…usually.  

 

  
http://www.seos-project.eu/modules/oceancurrents/images/wind_belts.png  
 

Occasionally the bands of winds dip below or above their regular lines of latitude, in a north or 

south direction. In Alaska we receive strange effects when the Polar Jet veers off in a southerly 

direction. When the Polar Jet dips south, it can encompass the air above much of northern 

Europe, Russia, China and the northern part of North America. When the Polar Jet returns to its 

normal pattern, it brings the air from above these more industrialized places of the Earth to the 

far North…us. A mirror image of this happens to the far south of the Earth. 

 

 

 

http://iashelp.com/wp-content/uploads/2009/12/Jetstream-

300x172.jpg  

 

http://iashelp.com/wp-content/uploads/2009/12/Jetstream-300x172.jpg
http://www.seos-project.eu/modules/oceancurrents/images/wind_belts.png
http://iashelp.com/wp-content/uploads/2009/12/Jetstream-300x172.jpg
http://iashelp.com/wp-content/uploads/2009/12/Jetstream-300x172.jpg
http://www.seos-project.eu/modules/oceancurrents/images/wind_belts.png
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The more industrialized portions of the Earth typically have a lot of air pollution. The Polar Jet 

brings all that air pollution north when it returns to its normal patterns. That’s why, when you fly 

into Barrow, Alaska, or even near Denali Mountain and the Alaska Range, you can see a 

gray/pink haze covering the sky. Sometimes our own wildfires contribute to the haze, but the 

bulk of it comes from places other than Alaska.  

These contaminant-carrying winds occur mostly during winter and spring when there are less 

clouds and precipitation in the Far North. Low wind speeds and temperature inversions, caused 

by the cold winter weather, allow contaminants to build up in the atmosphere. So instead of 

falling to the ground near the source of their creation, they follow the large-scale wind patterns 

that circulate around the Earth. The Far North also experiences little to no sunlight hours during 

these seasons. Sunlight helps break down some contaminants. This is why contaminants from 

Europe and Asia can create the haze in the lower layer of the Arctic atmosphere in the winter and 

spring. It takes between 13 to 16 days for contaminants in the lower atmosphere to travel from 

Europe to Alaska during the winter. (Arctic: p22) 

 

Contaminants travel via the air waves in another method that is called the “grasshopper effect.” 

This term is used because contaminants can actually “hop” from one location to another, 

sometimes hopping more than once. Some contaminants that are released in warm climates can 

dissolve into gases that form tiny little particles. These little specks can begin their journey by 

leaving the source of their creation and taking a ride on winds that are blowing northwards. Once 

they land, they can stay on the ground and are called “one-hop” contaminants. Acids carried as 

sulfates, non-volatile metals and organic compounds (that don’t like water), and radionuclides 

are some examples we will look at in later lessons. One-hop contaminants travel like the 

contaminants that form Arctic haze. They hop a ride from mid-latitude sources, mainly in Europe 

and Asia, and end up in the Arctic. The distance one- hop contaminants travel depends on where 

they start in relation to the flows of the Arctic air mass, precipitation patterns, and how far the air 

mass moves during the atmospheric lifetime of the particles. In the Arctic winter, these one-hop 

particles can stay in the air as long as 20 to 30 days, which gives them plenty of time to travel a 

long distance and build up in the polar region. In contrast, during the summer they usually stay in 

the air for only 2 to 5 days. (Arctic: p22) 

 

Some contaminants can “hop” more than once. These contaminates are transported as gases. This 

is true for volatile (can turn into vapor) and semi-volatile organic compounds. They are first 

picked up by the winds as gases. They can then land on the ground, on ice, or in the oceans by 

sticking to particles or films that float on top of the water, as well as by dissolving in water. But 

this may not be their last stop. When the hot summer sun raises the temperatures, they can 

vaporize again, get caught up into the atmosphere, and continue on their way as gases. If the 

contaminants do not break down, as is the case for persistent organic pollutants (POPS) and 

mercury, and if the circumstances are right, the process can happen over and over again. Sooner 

or later, they might break down into less damaging elements or sink into bottom sediments in 
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oceans and lakes. Multi-hop compounds can travel great distances and travel around the world. 

The longer they remain in a state that can “hop” the better their chances of ending up in the 

Arctic. This is why chemicals that have never been used in the Arctic can still be found in the 

tissues of people and wildlife in the region. (Arctic: pp22-23) 

Water Currents 

Ocean currents do the same. There is a tremendous amount of contamination pouring into the 

Arctic Ocean from Russian, Asia, and European Rivers. While this does not directly affect us 

who live in the Interior of Alaska and do not subsist on marine mammals, it does affect us 

indirectly. Our salmon live in the ocean for years and swim through waters that carry 

contaminants; salmon also consume plant and animal life that has been contaminated by their 

surrounding waters, before returning to our rivers. 

The Regional Perspective 

Many contaminants do not have to travel far to become problems for us. Many are found 

occurring naturally throughout our region.  

Naturally occurring rocks found in the Upper Kuskokwim region include: limestone; dolostone; 

argillite; chert; greywacke; shale; cinnabar; stibnite; realgar; orpiment; pyrite; and hematite. 

These rocks erode as the waters affect them. Some of them release mercury, antimony and 

arsenic into the water.  Mining activities can make the situation worse by mining the rocks that 

create the hazardous elements that are released into our waters. Often times, miners use harsh 

chemicals to separate the ore from the other dirt that is not valuable. In times past, miners did not 

think about, nor did they care about what they might be doing to the land and waters and how 

they could be affecting the future. Prospectors and miners have been in our region since late 

1890’s and early 1900’s.  The Takotna river region received the most attention of early 

prospectors. There have been successful mining operations on Moore Creek, Candle Creek and 

Nixon Fork. The mines located on Nixon Fork were the only hard rock mining operations in the 

entire Kuskokwim basin. (Brown, 1985:111) 

The Local Perspective 

What comes to the village stays in the village. Paper and cardboard can be burned or left to 

decompose, which it does slowly in our climate. Plastic never decomposes, and when it is burned 

it releases toxic fumes. Appliances and metals never go away, unless they are physically 

removed. If we shoot our food using lead shot, we run the chance of consuming lead…very 

toxic. If our homes are not well ventilated, or if the wood stove has a leaky chimney, we breathe 

in wood smoke. Is there a chance we may be contaminating ourselves? Yes there is.  

In the bigger picture, our subsistence foods may be eating contaminated foods themselves. 

Subsistence plants may be soaking up contaminated nutrition, which in turn could be 
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contaminating us. Are we at risk? Are our foods at risk? These are questions we will address in 

later lessons. 

Lesson Two 

Activity One- Water Cycle, Mining, and Contaminants 

Objective:  

To understand how mining can contaminate a river 

Resources:  

  “Mercury, Arsenic, and Antimony in Aquatic Biota from the Middle Kuskokwim River 

Region, Alaska, 2010‐2011”, U.S. Fish and Wildlife Service PDF 

@http://www.blm.gov/pgdata/etc/medialib/blm/ak/aktest/fisheries.Par.17988.File.tmp/Int

erim_Mercury_Arsenic%20_Antimony_FT_Technical_Report_Dec2012v2.pdfuskokwim  

 “River” sample reaches for analysis of mercury in aquatic biota from the middle 

Kuskokwim River.      

 Learning logs 

Procedures: 

Information: “The Red Devil Mine is an abandoned cinnabar mine and mercury production 

facility in southwestern Alaska that is the subject of a number of major environmental restoration 

projects.  

BLM is working with the U.S. Environmental Protection Agency (EPA) and the Alaska 

Department of Environmental Conservation to investigate the extent of contamination and 

possible cleanup methods for the Red Devil Mine site.” (BLM: 2013) 

BLM began addressing hazardous materials and physical safety hazards at the Red Devil Mine 

site in 1987. Initial efforts focused on removing the remaining processing chemicals, PCBs in 

transformers, and backfilling open mine shafts and adits. In 2002 the derelict mine buildings and 

mercury production facilities were demolished and disposed in on-site one-time use 

landfills. From 2003 through 2006, BLM focused available funding on cleanup of spilled fuel 

from the mine’s large above ground storage tanks. With funds provided under the American 

Recovery and Reinvestment Act, the petroleum cleanup advanced into final stages during 2009-

2010. 

Less visible, but perhaps more impacting, is the potential long-term environmental effect metals 

mining and processing left behind after the mine played out. The primary metals of concern at 

the Red Devil Mine site include mercury, arsenic, antimony and lead. The mining and processing 

of the ore (cinnabar) and the naturally metal-rich host rock resulted in large volumes of tailings 
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with high metals content. Metals may leach from the tailings and enter ground and surface 

waters. Flooded underground mine works allow groundwater to come in contact with remaining 

ore and host rock, which in turn can then enter surface water and/or impact drinking water 

quality. The metals and their bio-available decomposition products can bio-accumulate in the 

foodweb, potentially affecting human health and the environment.” 

(http://www.blm.gov/ak/st/en/fo/ado/hazardous_materials/red_devil_mine.html)  

 

“River” sample reaches for analysis of mercury in aquatic biota from the middle Kuskokwim River.     Image 

courtesy of Bureau of Land Management 

 

a. Read the information on Red Devil mine and talk with the students about the 

environmental problems that the Bureau of Land Management and the Environmental 

Protection Agency are addressing regarding the mine. 

 

b. Go to Additional Teachers Resources. Print the map and hand it out to the students. If he 

cannot make color copies, he can put the map up on a screen where the students can see it.     

   

c. Explains to the students that they can use the map to determine where contaminants can 

enter the river if mining is done on it. The teacher tells the students that when people are 

taking samples, “a reach is any length of a stream between any two points.” The teacher 

asks the students to take the copy of the map and do the following:   

d.  

a. Look at the map and color in each reach in the sampling area. 
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b. Fill in the blanks. How many miles is each reach on the river: 

                   Reach A____ 

                   Reach B____ 

                    Reach C____ 

Reach D____ 

Reach E____ 

Reach F____

c. Take a look at the mercury deposits on the map and answer the following 

questions: 

 

i. Identify the reach with the largest mercury deposit on it _____. 

 

ii. Identify the reach with the least mercury deposit on it____. 

 

iii. Identify two other reaches with mercury deposits on them____,  

3. Scientists are concerned about metals leaching from the abandoned Red Devil mine 

into the river. Name three reaches that may be contaminated if this occurs. 

Activity 2- Arctic Haze Video 

Objective: To learn about the Arctic Haze that is over Alaska in the spring 

Resources:  

 Arctic Haze (Public Broadcasting System Video)  

@ahttp://www/pbslearningmedia.org/resource/ean08.sci.ess.earthsys.arctichaze/ar

ctic-haze/ 

 Learning logs 

Procedures: 

1. The teacher tells the students they are watching the PBS video “Arctic Haze" 

which talks about the pollution transported from industrial areas to the Arctic. 

 

2. The teacher asks the students to watch the video and then answer the following 

questions in their learning logs:  

 

a. Martin Bean is a Yupik Eskimo who lives along the Kuskokwim River. 

How does he describe what the sky used to look like and how it looks 

now?  

 

b. Why did Glen Shaw come from Arizona to Alaska to sample the air? 

What did he discover about the air in Alaska? Are there pristine air 

conditions in the state?         

                                                               A 
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c. What does arctic haze look like to Dennis Miller, the bush pilot, when he 

is flying in his airplane?                                                                         

d.  

e. Why is arctic haze causing bright orange sunsets on the tundra? 

      

f. Why does pollution remain in the Arctic once it is transported?  

 

3. After the students have completed the assignment, the teacher asks them if they 

would like to learn more about air pollution to help keep the environment clean in 

their community.  

Activity 3- Identify Air Monitoring Stations Around the World 

Objective:  

To learn about the different kinds of air monitoring stations around the world 

Resources:  

 Arctic Region Map in the Teacher Resources Section 

 Arctic Monitoring and Assessment Air Monitoring Stations Map in the Teacher 

Resources Section 

 Learning logs 

Procedures:  

Information: There are several kinds of background monitoring stations that help track 

the pollutants that are pumped up to the Arctic from industrial nations such as Asia, 

Europe, and the United States. Recording air and precipitation chemistry, the stations 

record levels of POPS and heavy metals as well as the amount of snow and rainfall in 

various areas of the circumpolar north. Background monitoring stations are located in 

Alaska, Greenland, and Russia. (Arctic Monitoring and Assessment Program, 2012)



 

Arctic Circle  Map                                                                                                                                                                  

Image courtesy of Wikipedia Commons License 

 

 

 

 

 

 

 

 

 

 

Arctic Air Background Monitoring Stations                              

Image Courtesy of Arctic Monitoring and Assessment Program 
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The teacher: 

a. Prints the picture of the Map of the Arctic with the Arctic Circle in blue 

background and the map of the AMAP background monitoring stations and hands it 

out to the students. If he cannot make color copies, he can put the maps up on a 

screen where the students can see it while they are working with the black and white 

copies. The students will need both maps to be able to answer the questions because 

they will need to be able to see which countries the stations are associated with. 

b. Reads the information on background monitoring stations and shares it with the 

students. 

 

c. Goes over the Map of the Arctic with the Arctic Circle in blue background and 

the AMAP background monitoring stations. 

 

d. Asks the students to draw the following contaminant pathways on their maps: 

 

i. Mercury and heavy metals: 

 

a) In the fall heavy metals are transported from the Canadian Arctic 

Islands and western Greenland to northern Canada. 

 

b) In the late fall and winter heavy metals are transported from western 

and northwestern Europe to northern Canada.    

 

c) In the late spring and summer, heavy metals are transported from Asia 

and Russia to northern Canada.                      

d)  

ii. Pesticides: 

 

a) In the fall, pesticides are transported from Asia to Northern Canada. 

 

b) Lindane residues are transported from Canada, China, and France to 

northern Canada.  

 

e. Asks the students to answer the following questions about the background 

monitoring stations in their learning logs: 

 

a) What kind of background monitoring station is located in: 

a. Barrow 

b. Northern Canada 

c. Greenland 

 

b) Which set of countries has the most background monitoring stations? 

What kinds are they? 

 

http://en.wikipedia.org/wiki/Arctic
http://en.wikipedia.org/wiki/Arctic
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c) What kinds of background monitoring stations are located in Russia? 

How many stations are there? 

Activity 4- Earth System: Satellites Video 

Objective:  

To learn about satellites and how scientists use them to predict weather patterns 

Resources:  

 Earth System Satellites (Public Broadcasting Service video) 

@ahttp://www.pbslearningmedia.org/resource/ess05.sci.ess.eiu.essatellites/earth-

system-satellites/ 

 Learning logs 

Procedures: 

1. The teacher tells the students they are watching the PBS video Earth System: 

Satellites that explains how satellites work and how scientists use them to predict 

the weather. 

 

2. The teacher asks the students to watch the video and answer the following 

questions in their learning logs:  

 

a. How long have satellites been in existence? 

 

b. Name two reasons early satellites were launched. 

 

c. Name four components that make up a satellite? What is an uplink and a  

downlink?              

                                                                             

d. How can scientists use satellites to predict what the weather? 

 

e. Have you ever seen an orbiting satellite in the night sky? 

 

3. After the students have completed the assignment, the teacher asks them how 

weather satellites can help scientists know when contaminants are being 

transported to the Arctic. 

Activity 5- Pathways Video  

Objective:  

To learn how contaminants are transported to the arctic from industrial countries 

Resources:  

http://www.pbslearningmedia.org/resource/ess05.sci.ess.eiu.essatellites/earth-system-satellites/
http://www.pbslearningmedia.org/resource/ess05.sci.ess.eiu.essatellites/earth-system-satellites/
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 “Pathways” video (Arctic Monitoring and Assessment Program)                           

@ http://www.amap.no/ Click on the video clips link that is on the left hand side 

of the page. The list of AMAP videos will come up.  

 Learning logs 

Procedures: 

1. The teacher tells the students that they will be watching the AMAP Pathways 

video that explains how contaminants are transported from industrial countries to 

the arctic. 

 

2. The teacher asks the students to watch the video and answer the following 

questions in their learning logs:  

 

a. What causes large air masses filled with pollutants from industries in Asia, 

Europe, Russian and North America to be pumped into the arctic?  

 

b. What two seasons are most contaminants pumped up to the article? 

?          

c. How long does it take for contaminants traveling on the air to reach the Arctic 

after they are discharged from Europe?    

 

d. How much time does it take for environmental toxins transported on the air to 

be absorbed into the arctic food chain?               

                            

e. Do oceans transport contaminants quicker or slower than air currents to the 

arctic? How many decades can it take for contaminants transported by the 

ocean to reach the arctic?  

f. Do the number of contaminants in the arctic mirror how much of these 

chemicals many have been or are being used in the northern hemisphere?        

    

3. After the students have completed the assignment, the teacher asks them if they 

are interested in learning more about environmental toxins that may affect their 

local community. 

 

Activity 6- Create a Poster on “The Grasshopper Effect” 
 

Objective: To create a poster that illustrates “The Grasshopper Effect”. 

Resources: 

 Canadian Arctic Contaminants Assessment Program Highlights PDF  

@http://caid.ca/CanArtCon1.2003.pdf 

 Picture of “The Grasshopper Effect” on Page 12 

 Poster Materials 

 Markers 

http://www.amap.no/
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Procedures: 

1. The teacher makes copies of the Grasshopper Effect Picture (see Resources 

section) 

 

2. He divides the students into teams and explains to them that they are going to 

create a poster illustrating “The Grasshopper Effect”.      

          

a. The teacher has the students pick the persistent organic pollutant that they 

would like to work with on their poster from the following list:  

 

i. Plastic from people burning in burn barrels 

ii. Vehicle exhaust from cars on the roads        

iii.  Fire retardant that keeps clothes from burning when near the 

campfire 

 

3. The teacher asks the students to create grasshopper effect poster based upon the 

contaminant they have picked. He asks them to include: 

 

i. Name of the contaminant  

ii. Contaminants evaporating  

iii. Contaminants traveling  

iv. Contaminants falling to the earth 

Activity 7- Contaminants Transport Experiment 

Objective:  

To demonstrate how contaminants travel to the Arctic 

Resources: 

 Cardboard/plywood 

 Fan 

 Paper 

 Pots 

Procedures: 

1. Set up three walls of either cardboard or plywood or another similar stiff flat 

object.  On the fourth side of the contained area place a fan that faces into the 

three-sided box. Gather different weights of paper like construction paper, regular 

writing paper, and tissue paper. Tear them each into small pieces of paper. Keep 

the papers separated. Turn on the fan and drop the different weights of paper in 

front of the fan and record how far each weight of paper is carried by the wind of 

the fan before dropping to the ground. This will demonstrate particulate wind 

travel. 
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2. Take the same setup and bring to boil different types of liquids, such as river 

water, tap water and coffee in open pots. Set each of the boiling pots in front of 

the blowing fan one at a time. Measure how far the stream is blown into the three-

side box. Is there a difference between the vapor travel distances of the liquids? 

Did using the difference types of liquids make any difference? This will 

demonstrate vapor/gasses travel of contaminates.  

 

3. Do the paper pieces stay suspended longer than the steam? Of course it doesn’t 

which shows how much more dangerous gas contaminant travel is because it can 

stay suspended for a really long period of time. 

Activity 8- Sources of Persistent Organic Pollutants (POPS) in Local 

Communities  

Objective: To identify sources of POPS in the local community 

Resources:  

 Canadian Arctic Contaminants Assessment Program Highlights PDF @ 

http://caid.ca/CanArtCon1.2003.pdf  

o Table “Examples of Contaminants Studied in the NCP, Their Uses and 

Sources” page 12 of the PDF 

 Learning logs  

Procedures: 

1. The teacher copies off the Table “Examples of Contaminants Studied in the NCP, 

Their Uses and Sources” and gives it to the students. 

 

1. The teacher explains to students that they will be identifying sources of POPS 

located in their communities.  

 

2. The teacher asks the students to look at the  “Examples of Contaminants Studied 

in the NCP, Their Uses and Sources” table and do the following in their learning 

logs: 

 

a. Read the column that says: “Contaminant”. List one POPS in the column that     

    exists in the local community ________. 

 

b. Read the column that says: “Why does it exist? What is it used for?” List a one    

   reason the POPS exists in the local community _________ 

c. Read the column that says: “Where does it come from?” List one place the           

   POPS comes from in the local community ________. 

 

http://caid.ca/CanArtCon1.2003.pdf
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3. The teacher asks the students to think about how they can reduce the use of the 

POP that they have chosen in the community. 

Activity 9- Sources of Heavy Metals in Local Communities  

Objective: To identify sources of heavy metals in the local community 

Resources: 

 Canadian Arctic Contaminants Assessment Program Highlights PDF @ 

http://caid.ca/CanArtCon1.2003.pdf  

o Table “Examples of Contaminants Studied in the NCP, Their Uses and 

Sources” page 12 of the PDF 

 Learning logs 

Procedures: 

1. The teacher explains to students that they will be identifying sources of heavy 

metals in their communities.  

 

2. The teacher asks the students to look at the  “Examples of Contaminants Studied 

in the NCP, Their Uses and Sources” table and do the following in their learning 

logs:             

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa 

a. Read the column that says: “Contaminant”. List one heavy metal in the 

column that exists in the local community ________. 

 

b. Read the column that says: “Why does it exist? What is it used for?” List 

one reason the heavy metal exists in the local community _________. 

 

c. Read the column that says: “Where does it come from?” List one place the 

metal comes from in the local community ________. 

 

3. The teacher asks the students to think about how they can reduce the use of the 

POP that they have chosen in the community. 

Activity 10- Sources of Radionuclides in the Area  

Objective: To identify sources of radionuclides in the area 

Resources: 

 Canadian Arctic Contaminants Assessment Program Highlights PDF @ 

http://caid.ca/CanArtCon1.2003.pdf  

o Table “Examples of Contaminants Studied in the NCP, Their Uses and 

Sources” page 12 of the PDF 

 Learning logs 

 

http://caid.ca/CanArtCon1.2003.pdf
http://caid.ca/CanArtCon1.2003.pdf


  

 26 

Procedures: 

Information: “What are radionuclides? The US Environmental Protection Agency 

website says that a radionuclide is an unstable form of a nuclide. A nuclide is a general 

term that is applied to all atomic forms of an element. Nuclides are defined by the 

number of protons and neutrons in the nucleus, as well as by the amount of energy in the 

atom. They may occur naturally, but can also be produced by manmade processes. 

Radionuclides are found naturally in air, water and soil. They are even found in us, 

because we are products of our environment. Every day, we eat and breathe radionuclides 

in our air and food and the water. Natural radioactivity is common in rocks and soil, in 

water and oceans, in building materials and in our homes.” (EPA.gov) 

1. The teacher explains that they will be identifying sources of radionuclides 

possibly located in the area. 

 

2. The teacher asks the students to look at the  “Examples of Contaminants Studied 

in the NCP, Their Uses and Sources” table and do the following in their learning 

logs:               

3.  

a. Read the column that says: “Contaminant”. List one radionuclide in the        

column that may exist in the area ________.   

 

b. Read the column that says: “Why does it exist? What is it used for?” List 

one reason the radionuclides may exist in the area _______ . 

 

c. Read the column that says: “Where does it come from?” List one place the 

radionuclides may come from in the area ________. 

 

4. The teacher and the students discuss the answers in their learning logs. 
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Lesson 3 – Persistent Organic Pollutants (POPS)  

Teaching: 

 

 

 

 

 

 

 

 

 

 

Persistent Organic Pollutants (POPS) are the first of three groupings of the worst 

pollutants in the world. The reason they belong to the worst is because, as their name 

says, they are persistant. They never go away, they never biodegrade and they can easily 

travel around the world making their way to the North because of the strong south-to-

north air flows which transport contaminants from lower latitudes. POPS build up in 

living organisms. This means that as animals eat plants and other animals which contain 

POPS, they are stored in the animal’s lipid, or fatty, tissues. Once in these tissues, the 

POPS never leave the creature’s body. The more they eat, the more the POPS 

accumulate, or are stored in their bodies. Eventually the level of POPS in their bodies can 

become toxic, or even deadly to them.                              

 Most POPS come from plastics, agricultural pesticides, insecticides, flame retardants 

(used in clothing) and other chemicals. Some of these chemicals are released through 

poorly vented burn boxes or wood stoves, and chemicals leaching into the water from 

surface paints on boats. Most POPS contain chlorine. As POPS are distributed around the 

earth, plants absorb them, animals eat the plants or drink the POPS that land in the water, 

and humans consume them by eating the plants and animals. 

There have been a lot of studies on the effects of POPS in the Arctic and marine 

environments, where researchers are measuring the level of POPS in krill, seals, walrus, 

whales, polar bears and humans. Not many studies have been conducted in inland places 

like Interior Alaska, where we have boreal forests, lakes, rivers, streams, wetlands, and a 

longer growing season than in the Arctic. The food web is more complex as there are 

more varieties of plants, insects and animals that make their home in the Interior. Let’s 

see how this all works by looking at the ecology dynamic of lakes. 

Polar Bears can store POPS in their fatty tissues. Image 

Courtesy of Alaska Photo Library 
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Lake Ecology 

 

Illustration of the movement of less dense spring freshet water                                                                                          

moving through a small Arctic lake underneath the surface ice cover,                                                                              

but not mixing with the water column.                                                                                                                          

Image courtesy of Arctic Monitoring Assessment Program 

Lake ecology is controlled by the amount of ice-cover and when break up occurs. Lakes 

freeze over when the temperature of surface water drops to 32°F (0°C), and the ice 

continues to form through early May. Ice thickness can range from one to six feet thick. 

When water forms into ice, it does not include the dissolved gasses and chemicals that are 

in the water. So the lake ice is actually 95 to 98 percent purer than the water from which 

it was formed. Lake ice is clean enough to be used as distilled water! However, because 

the gasses and chemicals remain in the water under the ice, the percentage of contaminant 

levels in the unfrozen water increases. During winter the light of the sun does not pass 

through the ice. Therefore, no photosynthesis occurs and the water does not mix which 

causes the level of oxygen in the water to decrease. The resulting lack of oxygen can 

become a problem for water animals. If the oxygen concentration drops too far, fish in 

the lake will die. Most winter kills occur in shallow lakes. (Arctic: p44) 

When the ice melts, both from the top and from the bottom, the ice crystals break apart. 

Melt water, which gathers on top of the melting lake ice, usually flows out of the lake 

before it mixes with the deeper water. So concentrations of contaminants actually 

increase in the lake in the spring. (Arctic, p44) 

Lake food webs begin with algae. Photosynthesis carried out by free-floating and bottom 

dwelling algae help small single-celled algae to multiply. In lakes where winds sweep 

away most of the snow from the ice surface, some light is able to penetrate, and 

photosynthesis can start under the ice from April to June. In some clear lakes, mosses and 

benthic (bottom) algae cover the sediments at the bottom of the lake which adds to their 

production. (Arctic: p44) 

The algae serve as food for zooplankton and crustaceans that play a major role in lake 

ecology, serving as food for many fish species. (Arctic: p44) 
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In some lakes, benthic food webs, i.e. those on the lake bottom, are more important than 

those in the water column. Plankton that fall to the bottom, decaying organic matter, and 

bacteria provide food for the second level in the food chain, insect larvae. The third level 

in the aquatic food web includes fish and insect-eating birds, which create the link 

between water and land food webs. (Arctic, p.44) 

 

 

 

 

 

 

 

 

 

Biomagnification is the major reason that POPS can reach                                                                                               

high concentration levels in top predators.                                                                                                                             

Image courtesy of Wikipedia 

How Contaminants Enter Plants and Animals 

The processes by which POP contaminants get into plants and animals and their food 

webs can be summarized by three terms: Bioconcentration, Bioaccumulation, and 

Biomagnification. 

 

Bioconcentration is the process by which plants and animals take in contaminants 

directly from air, water, or soil. How the life form consumes them depends on the 

chemical and physical characteristics of the contaminant. For example, many organic 

compounds dissolve well in fats and will end up in the fat or oils parts of the living being. 

Contaminants that dissolve in water can enter aquatic organisms through the gills or 

membranes in the gut. (Arctic: p48) 

 

Bioaccumulation is a broader term. It includes bioconcentration, as well as consuming 

contaminants from the food an animal eats. The amount of contaminants taken in by the 

animal depends on the concentrations of contaminants in the air, water, and soil, together 

with what the animal eats. The burden of contaminants accumulating in the body will 

also depend on organism’s ability to get rid of contaminants. Some contaminants will be 

expelled or broken down into less toxic components, while others will accumulate. 

(Arctic: p48) 

 

Biomagnification occurs when a contaminant is not broken down or expelled, but builds 

up, or accumulates as it passes up the food web. Biomagnification is the major reason 
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that POPS can reach high concentrations in top predators even when levels in air, soil, 

and water are low. (Arctic: p48) 

 

Levels of POPs contaminants have been found in other fish and shellfish. Terrestrial 

animals which are important to our diets have not been studied in depth. Bald eagles and 

peregrine falcons have been studied, however, and both have shown effects from 

pesticide levels in the hatching of eggs. (Hurwich: pvii) 

 

Effects of POPS 

 

 
Available time-series of legacy POPs in Arctic biota.                                                                                 

These time-series generally show decreasing trends                                                                                         

over the past two-to three-decades.                                                                                                                     

Image Courtesy of Arctic Monitoring Assessment Program 

 

Most effects of POPs on animals show up in their ability to conceive and raise young. 

Some of the earliest indicators of a problem was when the populations of birds of prey 

began to decrease. This lowering of population was caused by thinning of their eggshells, 

so many of the chicks did not hatch. POPs are also toxic to developing chicks, because 

they can kill them in their eggs. A third effect was noticed in the adult birds, when 

normal mating behavior weakened. (Arctic: p72) 

 

Mammals displayed the effects of POPs as well. Some signs of high contaminant levels 

in mammals are; malformations in reproductive organs, fewer young are born, or 

sometimes the mammal is unable to reproduce. The reason some mammals are unable to 

reproduce is because some of the chemicals affect their sex hormones. These are called 

“hormone disrupters”. Because they can copy or even block hormones because they are 

close enough in the way they are made that the body naturally receives them. (Arctic: 

p72)  
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Contaminants that block the estrogen, or the female receiver, can prevent the growth of 

the reproductive tract and the mammary glands, which the mammals need to have a 

successful pregnancy. In fish, the same receiver causes the creation of a precursor (which 

comes before) of egg yolk. Normally, the yolk precursor is only found in females, but in 

contaminated waters it is also found in males. Some of these biological effects are now 

used to as measurements to figure out if a specific contaminant causes disorder in 

hormones. Sex hormones are important for the normal sexual development of young 

animals. In polluted mild environments, high levels of hormonal disrupters have caused 

defects in reproductive organs, abnormal mating behavior, and even changed the sex of 

individuals in some species!  

(Arctic: p72) 

 

The body’s first defense against disease is our immune system. So naturally, the immune 

system is highly sensitive to organic contaminants. The immune system is made up of 

different glands. One gland is called the thymus which creates antibodies to fight 

infections. This gland can actually waste away and die. POPs also limits part of the 

immune system that fights cancer cells and parasites. Animals get sick easier when they 

are carrying contaminants. 

 

Contaminate intoxication shows up in liver enzymes. The liver cleanses all the food and 

liquids that go into the body. Some toxic chemicals are changed by the liver into less 

toxic substances that can be passed out of the body in urine or feces. Since the liver does 

most of this cleansing, or detoxification, certain liver enzymes increase when they are 

dealing with certain contaminants. Doctors and scientists are now able to measure some 

of these enzymes in an animal in order to find out how badly it is contaminated. (Arctic: 

p72) 

 

Salmon eggs and fry                                             

Image courtesy of U.S. Fish and Wildlife Service 



  

 32 

Some of these enzymes are also responsible for breaking down hormones. As a secondary 

result, some contaminants can increase the breakdown of hormones, which can affect 

hormone dependent roles like reproduction. The liver-enzyme systems are not the same 

in every species of animal, so different species process contaminants differently. Some 

species can get rid of a contaminant while another cannot and accumulate it instead. Fish 

do not have these enzyme systems, so they are carriers of many POPs in the food web. 

(Arctic: p73) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

POPS also increase the risk of tumors. Several POPs are responsible for higher 

occurrences of tumors in wildlife like some caribou that are showing up with tumors. 

Tumors can mean cancer and there are two ways a contaminant can help cause cancer. 

The first can happen when there is a change in the hereditary material (DNA) in the cells. 

This can make the cell lose control of its growth. The second happens when the damaged 

cell turns into a tumor. When contaminants cause tumors they are called promoters, and 

most POPs are a part of that group. They do not have the ability to cause cancer by 

themselves, but they work with the DNA-damaging chemicals to cause cancer.       

(Arctic: p73) 

 

There are a few hormone-producing glands in the body that are affected by POPs. The 

first one is the thyroid gland, which balances thyroid hormones. When the thyroid’s 

chemical balance is disrupted, it can cause an enlargement of the thyroid called a goiter. 

They can cause changes in metabolism that can affect growth and reproduction. The 

second gland is the adrenal gland. Seals have been found suffering from diseases that are 

linked to the effects of adrenal gland. Defects include deformities of the uterus which 

causes trouble reproducing. (Arctic: p73) 

 

POPs can affect the breakdown of vitamins also. Vitamin A imbalances can overpower 

the immune system, which can increase the chances of cancer, cause skin injuries, and 

upset reproduction cycles, growth rate, and overall development. (Arctic: p73) 

Caribou crossing the river                                                    

Photo courtesy of Alaska Photo Library 
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Porphyria is a disease that is named after the POP that causes it. It interferes with the 

creation of the red color in red blood cells. Porphyria causes skin and nervous system 

damage. Porphyria is one of the POPs that can be detected and measured by the 

chemicals changes within the body before the actual disease appears. (Arctic: p73) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

What Are The POPs?  

 

Persistent organic pollutants (POPs) are made up of a lot of different kinds of things. 

Some are industrial chemicals that were never meant to be toxic. Others were created by 

accident as a side effect in industrial processes. Still others were made to be toxic, like 

pesticides. Many organic contaminants contain chlorine (Cl) which are called 

organochlorines, and do not occur naturally in the environment 

 

Industrial Chemicals and Byproducts  

Source of Information Arctic Pollution Issues: A State of the Arctic Environment Report (pp74 – 77)  

 

PCBs 

 

PCBs are a group of chemicals called polychlorinated biphenyls. They were created in 

1929 and made in the United States, Japan, the former Soviet Union, and eastern and 

western Europe. They are chemically stable and heat-resistant, and were used world-wide 

as electrical transformer and capacitor oils, hydraulic and heat-exchange fluids, 

lubricating and cutting oils, and as plasticizers in joint sealants. Their usage has been 

banned in all circumpolar countries, but there are still PCBs in older, large capacitors and 

transformers. Most industries do not keep track of their current use and waste disposals.  

 

Source regions for HCH, chlordane, toxaphene, and PCBs in 

Arctic air based on 5-day trajectories for elevated air 
concentrations at Tagish, Alert, and Ny-Alesund.                                                                   

Image Courtesy of Arctic Monitoring Assessment Program 
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PCBs have a variety of toxic effects. As noted earlier, the most common is that they can 

overpower the immune system, allowing more animals to become ill and die if they are 

exposed to infections. PCBs are also toxic to developing nervous system and liver 

enzymes, and act as a cancer promoter and cause birth defects. They can also disrupt 

sexual behavior and reproduction in birds, fish, and mammals. PCBs are responsible for 

declines in population and the health problems in fish-eating mammals in polluted areas.  

 

Dioxins and Furans 

 

Dioxins (PCDDs) and furans (PCDFs) are a group of chlorinated chemicals. Seventeen of 

them are toxic in small quantities. They are mainly created during high-temperature 

burning processes like waste burners that do not have good flue-gas cleaning systems. 

Wood-burning stoves and the use of leaded gasoline add to the problem. Dioxins and 

furans also enter the environment as the result of manufacturing processes. Mineral 

industries release large amounts to the air, and pulp and paper mills that use chlorine in 

the bleaching process often release polluted water.  

 

A third source comes from trace contaminants in chlorophenoxy acid herbicides (like 

Agent Orange, which was also used as a chemical weapon against American soldiers in 

the Vietnam War), in chlorophenol wood preservatives, and in PCB mixtures (mainly 

furans). Effects include problems with reproduction, a suppressed immune system, and an 

increased risk of cancer. 

 

 

 

 

 

 

 
 

 

 

 

 

 

Brominated Flame Retardants 

 

Many substances that are used as flame retardants have chemical properties that are 

similar to PCBs. These can leach out of flame-retardant-treated textiles (like pajamas), 

electrical equipment, building material, and the insides of cars and cause contamination 

of the environment. There is not a lot of knowledge about the toxicity of brominated 

flame retardants. 

 

 

 

 

Flame retardant chemical makeup                       

Image courtesy of Wikipedia  
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Hexachlorobenzene 

 

Hexachlorobenzene (HCB) is a 

byproduct in the making of chlorine gas 

and chlorinated compounds, including 

several bug killers (pesticides). It is 

released to the atmosphere in the flue gas 

from waste incineration, and is also 

formed by mineral industry processes. It 

has been used as a pesticide. Its’ major 

effects are porphyria, on reproduction 

and on the immune system 

 

 

 

 

Pesticides 

 

Many of the pesticides found in animals are organic compounds that have several 

chlorine atoms and are very persistent in the environment. Pesticides are supposed to be 

poisonous to insects. However they affect much more than insects and they do this by 

affecting the nervous system and the liver, and several affect reproduction. 

 

DDT 

 

DDT is a chlorinated organic pesticide, introduced in 1945. Circumpolar countries 

limited its use in the 1970s, but it is still used for pest control programs in southern Asia, 

Africa, Central and South America, and Europe (Italy). In the past, it was used to control 

mosquitoes and black flies. Remote places in Siberia may still use it even though it has 

been banned. Russia still uses household and institutional insecticides that contain DDT 

and hexachlorocyclohexane. DDT is released in air and water currents and in migratory 

animals. In the environment, DDT is stored in fatty tissues of fish, birds, and mammals. It 

is the cause of eggshell thinning in birds. DDT is known as being the main cause of the 

decline in bald eagle populations. It disrupts sex hormones and affects liver enzymes.  

 

Toxaphene 

 

Toxaphene is created by a mixture of polychlorinated bornanes and camphenes. It was 

used to fight insects in cotton crops in the United States until the early 1980s. It is no 

longer allowed to be made or used in the United States, but similar products are still used 

in other parts of the world, including Mexico and Central America.  It is hard to find out 

how much toxaphene is in the environment because it is difficult to measure the levels. It 

may be one of the most plentiful pesticides in Arctic wildlife, but scientists are having a 

hard time finding out. 

Silent Spring alerted people to the dangers of pesticides 

and help reduced their use.                                           

Image courtesy of Wikipedia 
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Toxaphenes mostly attack the nervous system. Fish affected by toxaphenes become 

hyperactive with muscular spasms and lose their balance. In experiments, fish are 

injected with toxaphene at the same levels found in the environment, and then are 

released into the wild. They do not survive as long as uncontaminated fish.  

 

Chlordane 

  

Chlordane is a mixture of compounds that has been used to protect seeds from insects and 

for termite control. It is no longer used in most circumpolar countries, but is still 

produced for export in the United States. One of the components of chlordane causes 

cancer, and has been found in the Arctic environment. Chlordane affects reproduction 

and the immune system. 

 

Hexachlorocyclohexane/Lindane 

 

Hexachlorocyclohexane (HCH) has several parts of it that are found in environmental 

samples. One of them, called lindane, is the most destructive as an insecticide. Lindane is 

still used in North America, Japan, and Europe to protect seeds and in Europe for other 

purposes. Other parts of the compound were banned in the late 1970s. In China and some 

other countries, parts of the compounds are still used to treat hardwood logs and lumber, 

seeds, vegetables and fruit, and buildings. Lindane affects the nervous system. It harms 

reproduction, the liver, and the immune system, and causes cancer. 

 

Dieldrin 

 

Dieldrin kills insects in the soil. It is no longer used in circumpolar countries. It was made 

in Europe for export to developing countries, but was banned in the late 1980s. Dieldrin 

lasts a really long time in the soil and the life it enters. It is the strongest cancer causer of 

pesticides. 

 

Mirex 

 

Mirex was used as an insecticide and fire retardant in the United States and Canada until 

1978. Mirex accumulates in fatty tissue and persistent in the environment. It is a cause of 

cancer and reproductive problems in laboratory animals. 

 

Organotins 

 

Tributyltin (TBT) is a compound that contains tin. It is used as a killer of most types of 

algae, fungi, insects, and mites. Since the 1960s, TBT has mostly been used in marine 

vessels, killing algae and other growths. It leaches into the water from paints, sealants 

and other surface coatings on boats, aquaculture pens, moorings, and industrial cooling 

pipes. Other sources are boat repair yards, marinas, and city wastewater and sewage 

sludge. Many countries have banned the use of TBT for small boats, but international 

rules still allow some usages. 
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TBT breaks down in a matter of days at the sea surface. However, in sediments and 

especially under cold conditions, it can remain for much longer, lasting for years. So TBT 

still remains in sediment and sands even though its use has been banned. TBT is one of 

the most toxic substances that have ever been released in natural waters. A few Nano 

grams per liter, about the size of grains of sand, are enough to affect some snails. It 

causes many negative effects in oysters, mussels, and crustaceans. It can dissolve in fatty 

tissues and can bioaccumulate. It disrupts hormones that affect reproduction. 

 

Less Persistent Pesticides 

 

There are a lot of chlorinated pesticides are still used in circumpolar countries and 

elsewhere in the world. These don’t last as long and are less persistent than the ones that 

came before them. They do not accumulate or biomagnify much. Most of them have short 

lives in water, soil, and sediment. However they are still being found in the Far North, 

especially in air, seawater, and sea ice. This shows how much they are used around the 

world, and how they are being transported by winds in the same way as many of the 

banned pesticides. It is not known if low light and low temperatures cause them to stay 

around longer in the polar environments than in more temperate climates. Currently there 

are chlorinated and non-chlorinated pesticides that are being found in air, lake water, fish, 

seawater, snow, and plants in the Arctic. 

 

The problem is that some pesticides are still produced and used. The concern about long-

range transport of POPs has led several countries to band together to stop or limit the 

production and use of these chemicals. Some of these efforts have been successful, but it 

is hard to figure out what is going on with pesticides around the world. There are no 

available international statistics and some industries do not want to disclose their 

production records.  

 

 

TBT has been mostly used in maine vessels.          

Image courtesy of Alaks Photo Library 
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A Governing Council of the United Nations Environment Programme, as part of a Global 

Action Plan, found out that DDT is still being made to control disease-carrying insects, 

and being misused for other purposes. Chlordane is still produced for ant and termite 

control. Production of aldrin, dieldrin, and endrin has stopped. Mirex also appears to be 

out of production, as does hexachlorobenzene for use as a pesticide. (Arctic, p77) 

 

Other sources of PCBs in the past include electric trains, which may have seeped PCBs 

along their tracks from leaking transformers. PCBs also get into the environment through 

hydraulic and drilling fluids from mines and oil platforms. Arctic smelters and pulp mills 

have contributed dioxins. Emissions of dioxins and furans are associated with industrial 

activities that occur in the Arctic.  

 

There are known local sources of all these PCBs in the circumpolar north. They come 

from iron-ore pelleting plants and smelters from other Nordic countries. Other suspected 

sources come from the iron and steel industry, aluminum industry, and a ferroalloy 

industry. Pulp and paper mills that use elemental chlorine in the bleaching process can 

contribute to the load of dioxins and furans. Other sources of dioxins and furans in the 

North include burning wood for heating and waste incineration. Forest fires may be an 

additional natural source. (Arctic, p78) 

 

There are many more sources that are not in the North but they are transported here 

through the wind and water currents.  

 

 

 

 

The countries that are participating in the Stockholm Convention to help eliminate or to 

reduce the use of POPS as of 2012.                                                                                                  

Image courtesy of Wikipedia 
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Lesson Three:  

Activity 1- Steve MacLean: Conservationist  

Objectives: 

 To watch Steven Maclean: Conservationist (PBS video) 

 To talk with students about a career as a conservationist 

Resources:  

 Steve MacLean: Conservationist video                                                                 

The video is located at: 

http://www.pbslearningmedia.org/resource/ean08.sci.ess.earthsys.maclean/steve-

maclean-conservationist/ 

Procedures 

1. The teacher tells the students that they are watching the PBS video called  

“Steve Maclean: Conservationist” that talks about the work that Steve Maclean, 

an Inupiaq scientist, does to protect the wildlife in the Bering Sea. 

 

2. The students watch the video and answer the following questions in their learning 

logs: 

 

a. What does Steve MacLean do for a living? What part of the world does he 

work in? 

 

b. How many different species of animals are found in the Bearing Sea? 

Name five birds and animals that are found in the area.  

 

c. What Does Steve Maclean see as the biggest threat to the Bering Sea and 

the Arctic?  

 

d. How did growing up in an Inuit community help Steven MacLean with his 

conservation work now? 

 

e. What does Steve recommend for people who would like to have a career 

in science? 

 

3. After the students complete the assignment, the teacher asks them if they are 

interested in becoming a conservationist who can help solve the climate change 

problems that are affecting the wildlife in their community. 

 

 

 

http://www.pbslearningmedia.org/resource/ean08.sci.ess.earthsys.maclean/steve-maclean-conservationist/
http://www.pbslearningmedia.org/resource/ean08.sci.ess.earthsys.maclean/steve-maclean-conservationist/
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Activity 2- Contaminants in the Human Arctic Population Video 

Objective:  

To learn about levels of contaminants in plants and animals in the Arctic 

Resources:  

 “Contaminants in the Arctic Population” video  

a@ahttp://www.pbslearningmedia.org/resource/ipy.sci.life.eco.arcticpcb/contami

nants-in-the=arctic-human-population/ 

 Learning logs 

Procedures:  

1. The teacher tells the students they are watching the PBS video “Contaminants 

in the Human Arctic Population” that talks about the levels of contaminants in 

the wildlife in the arctic.  

 

a. The students to watch the video and answer the following questions in 

their learning logs:    

                                                                                                                        

2.  Answer the following questions about how much pollution is in the arctic: 

 

a. How much pollution is in plants and soils in the arctic compared to the rest 

of the world?       

 

b. What levels of contamination do the herbivores have that are at the   

bottom of the food chain?     

 

c. What levels of contamination do the polar bears have that are at the top of 

the food chain?      

 

3.  The different kinds of birds that live in the arctic have different levels of     

     environmental contaminants. Circle the level below. 

 

d. The birds that eat food from the trophic level have: higher   lower    levels 

of contaminants. 

 

e. The birds that eat fish have: higher lower levels of contaminants 

 

4.  The birds that are at the highest level of the food chain have the: lowest -  

     highest level of contaminants. 

 

5.  What two seasons of the year do most contaminants come into the arctic?  

 

6.  Why do polar bears have the highest level of PCBs in the arctic?     
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a. What two contaminants do polar bears ingest when they eat ringed seal 

blubber?  

 

b. How much ringed seal blubber can an adult polar bear eat each year?                                 

Name two ways PCBs harm the polar bears.                                             

a 

Activity 3- Industries Contributing to Arctic Pollution 

Objective:  

To learn about the industries that can contribute to Arctic pollution 

Resources:   

 Arctic Haze: http://en.wikipedia.org/wiki/Arctic_haze 

 Learning logs 

Procedures: 

1. The teacher tells the students that they are going to be looking at industries that 

contribute to Arctic pollution. He asks the students to go to the article Arctic Haze 

at http://en.wikipedia.org/wiki/Arctic_haze 

 

2. The students read the article and answer the following questions in their learning 

logs:                                                                     

 

a. Where did Mitchell, a U.S. Air Officer stationed in Alaska think the arctic 

haze was coming from? 

 

b. Where did Dr. Glenn Shaw with the University of Alaska Fairbanks think the 

pollution from Arctic Haze was coming from? 

 

c. What did Dr. Glenn Shaw think caused the:     

i. Yellowish haze 

ii. The dark gray particles 

 

3. The teacher and the students discuss the answers in their learning logs.  

Activity 4- Biomagnification in Kuskokwim River Fish (Math Activity) 

Objective:  

To learn about biomagnification in fish in the Kuskokwim River 

Resources:  

  “Mercury, Arsenic, and Antimony in Aquatic Biota from the Middle Kuskokwim    

   River Region, Alaska, 2010‐2011”, U.S. Fish and Wildlife Service PDF 

http://en.wikipedia.org/wiki/Arctic_haze
http://en.wikipedia.org/wiki/Arctic_haze
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@http://www.blm.gov/pgdata/etc/medialib/blm/ak/aktest/fisheries.Par.17988.File.

tmp/Interim_Mercury_Arsenic%20_Antimony_FT_Technical_Report_Dec2012v

2.pdfkuskokwim  

 

 Learning logs 

 

 

 

 

 

 

Generalized schematic for mercury biomagnification in the aquatic food chain of the 

middle Kuskokwim River, Alaska.                                                                                 

Image courtesy of Bureau of Land Management 

Procedures: 

1. The teacher downloads the Generalized schematic for mercury biomagnification in the    

    aquatic food chain of the middle Kuskokwim River, Alaska from the PDF in the       

    resources and gives it to the students. 

 

2. He explains to the students that they are going to be learning about mercury  

    biomagnification by figuring out how much it is multiplied in small fish such as Arctic    

    Grayling, Dolly Varden and in large, old predatory fish such as Northern Pike living in   

    the middle Kuskokwim River. 

 

3. The students look at the mercury biomagnification picture the teacher has given them  

    and answers the following questions in their learning logs: 

 

a. How many units of mercury are in the invertebrates that are going to be eaten by 

the small Arctic Grayling at the top of the picture? _____ 

 

b. How many units of mercury are in the Arctic Grayling after he eats the 

invertebrates? _____ 

 

c. How many units of mercury are in the northern pike after he eats the Arctic 

Grayling? _____ 
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d. How many units of mercury are in the invertebrates that are going to be eaten by 

the Dolly Varden in the middle of the picture? _____ 

 

e. How many units of mercury are in the northern pike after he eats the Dolly 

Varden? _____ 

 

f. How many units of mercury are in the northern Pike after he eats both the Arctic 

Grayling and the Dolly Varden? _____         

Activity 5- Learn About Spatial Distribution in Contaminants Studies  

Objective: To learn how to make a spatial distribution map 

Resources:   

 Xerox off the picture of the rabbits that were caught in the area below. 

 Paper and colored markers that students can use to draw a spatial map of the 

number of rabbits, grouse, or other animals that they have caught in the area. 

Information: Scientists commonly use spatial maps to talk about the level of 

contaminants that are found in animals based upon where they live. This activity gives 

the students the skills they will need to be able to read a spatial map in a contaminants 

report. 

 

Spatial distribution of rabbits in an area 

Spatial Distribution  

A. The word spatial means space. When you are working with a map or a chart that 

shows the number of animals in different locations you are working with space. 

 
 

 



  

 44 

B. Distribution can show the number of animals that are found in each location in a 

certain amount of space. You can use a map to show people the spatial 

distribution of the animals that you have found in an area.      

C.  

D. Example: Your teacher has asked you to give a talk in science class about the 

number of rabbits that you caught last year. Let’s take a look at how you can 

present the spatial distribution of the rabbits you caught on a map and a spatial 

trend of the rabbits that you caught on a chart.    

E.  

a. In this example, you trapped 5 rabbits by your cabin, 10 rabbits by the 

river, 15 rabbits in the mountains, 20 rabbits in the forest, and 25 rabbits in 

the meadow.  

Procedures:  

1. Xerox off the picture above with the rabbits and have the students study the example of 

how to make a spatial distribution map. 

2. Create a Spatial Distribution Map: Have the students make a spatial distribution map 

by putting the number of animals (rabbits, grouse or other animal) they have caught in 

several locations on a map similar to the one above.   

Activity 6- Learn About Temporal Trends in Contaminants Studies  

Objective: To learn how to read a temporal trend in contaminant studies. 

Resources:   

 Xerox off the example graph for the number of salmon that were caught over a 

five -year period. 

Information 

Scientists commonly use temporal trends when they are collecting data on contaminants 

in wildlife. The scientist looks at a temporal trend when he wants to see if the level of 

contaminants is changing over time in the wildlife population. 

The word temporal means time. When you are creating a graph that will show a temporal 

trend you can work with days, months, and years. For example, you can put the years that 

you have caught salmon on a graph. 

A trend shows whether something is going up, down, or staying the same. For example, 

you can put the number of fish that you caught each year on your graph. Then you can 

figure out whether you are catching more fish less fish, or the same amount of fish over 

the year. 
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Bar charts and a trend line can be used to show information about temporal trends. A bar 

chart uses bars to compare data and a line chart uses a line to represent the data. Let’s 

take a look at an example of what a temporal (time) trend would look like. 

A. Example: Your teacher has asked you to give a talk in science class about the 

number of salmon you have caught over the last five years. Let’s take a look at 

what the temporal trend would look like if the number of fish you caught has 

increased over the years. 
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Procedure:  

1. Xerox off above with the number of salmon that were caught over a five-year and 

teach the students how to read the graph. above with the rabbits and have the students 

study the example of how to make a spatial distribution map. 

2. Create a Spatial Distribution Map: Have the students make a graph of the number of 

rabbits, grouse, or fish that they have helped their family catch over the last five years.  

Activity 7- Learn What Level and Range Means in Contaminants 

Research (Math Activity) 

Objective: To understand what level and range means in contaminants research 

Resources:  

 Canadian Arctic Contaminants Assessment Program Highlights PDF @ 

http://caid.ca/CanArtCon1.2003.pdf  

o Picture: “PCB Levels in the Blubber and Fat of Female Ringed Seals and 

Beluga Whales Sources” page 45 of the PDF 

 Learning logs 

Procedures: 

Information: Scientists look at levels and ranges of contaminants in wildlife to see if 

they are safe for people to eat. The following definitions explain what the level and range 

of a contaminant is.  

A. Contaminant Level: A measure of how much of a contaminant is present 

(www.epa.gov/region1/superfund/basics/gloss.html)    

 

B. Contaminant Range: The difference between the least and greatest of a set of 

contaminant values (http://www.wordcentral.com/cgi-bin/student?book= 

Student&va =range) 

 

1. The teacher downloads PCB levels in the blubber and fat of female ringed seals 

and beluga whales picture under resources section and gives it to the students. If 

he doesn’t have a color printer, he can put the picture up on the screen so the 

students can see it. 

 

2. The teacher explains that the students are going to be learning about the levels and 

the ranges of PCBs in Ringed Seals and Beluga Whales in various parts of the 

Arctic. He explains what contaminant levels and ranges are to the students. 

 

3. The students answer the following questions about the PCB levels in the blubber 

and fat of female ringed seals learning logs: 

 

http://caid.ca/CanArtCon1.2003.pdf
http://www.google.com/url?q=contaminant+level&url=http://www.epa.gov/region1/superfund/basics/gloss.html&rct=j&sa=X&ei=Gn1WUfTjIozmiwLgz4HQAw&ved=0CCwQkA4oAA&usg=AFQjCNEwZ9Ca-DXa-AdPm2whSs8vXb4A1Q
http://www.wordcentral.com/cgi-bin/student?book
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a. Look at the contaminant levels of PCBs in the Sach Harbour and Homan seals. 

Do the seals have low, medium, or high levels of PCBs?  Circle one  

 

b. Look at the contaminant levels of PCBs in Hudson Strait and Ungava Bay seals. 

Do the seals have low, medium, or high levels of PCBs? Circle one?                           

a 

c. What is the range of PCBs for all the seals that were tested? 

 

i. Lowest Contaminant Value: _____ 

ii. Highest Contaminant Value: _____ 

iii. Contaminant Value Range (from lowest to highest): _____ 

4. The students to answer the following questions about the PCB levels in the 

blubber and fat of River Beluga Whales in their learning logs: 

 

a. Look at the Hendrickson Island and Nastapoka River Beluga whales 

 

i. Look at the contaminant levels of PCBs in the Hendrickson Island 

River Beluga Whales. 

 

ii. Do the whales have low, medium, or high levels of PCBs?  Circle 

one                                                                                              

b. Look at the contaminant levels of PCBs in Nastapoka River Beluga Whales 

Bay seals.                                                                      

b.  

i. Do the whales have low, medium, or high levels of PCBs? Circle 

one? 

 

ii. What is the range of PCBs for all the whales that were tested  

 

1. Lowest Contaminant Value: _____ 

 

1. Highest Contaminant Value: _____ 

 

2. Contaminant Value Range (from lowest to highest) 

_____ 

Activity 8- DDT Video 

Objectives: 

 To understand how DDT impact wildlife 
 To learn about the steps people have taken to reduce the levels of DDT in the 

environment 
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Resources:  

 DDT (Earthtones video) @ 

http://www.science.gc.ca/default.asp?Lang=En&n=730D78B4-1 

 Learning logs 

Procedures: 

1. The teacher tells the students that they will be watching the Earthtones DDT 

video made in Canada that discusses how DDT, which is a persistent organic 

pollutant, impacts wildlife and the steps people have taken to reduce the levels in 

the environment. 

 

2. The students watch the video and answer the following questions in their learning 

logs:  

 

a. What used to be one of the most commonly used pesticides on the earth? 

 

b. What did DDT do to the eggshells of birds? 

 

c. Name two kinds of birds that were affected by DDT. What bird was very 

sensitive to DDT? 

 

d. DDT is a persistent chemical that stays in the environment for many years. 

How many years can DDT last in water? 

 

e. Why is the level of DDT lower in gull’s eggs today? 

 

3. After the students have completed the assignment, the teacher asks them to talk 

about pesticides that are used in the community, how they can impact the 

environment, and what can be done to reduce the usage of them. 

Activity 9- Compare Contaminant Levels in Wildlife Populations (Math 

Activity)  

Objectives:  

To learn how scientists compare contaminant levels in fish and wildlife populations  

Resources: 

 Canadian Arctic Contaminants Assessment Program Highlights PDF @  

o Picture: “Levels of DDT in the Fat of Marine Mammals Across the 

Circumpolar Arctic” page 47 of the PDF 

 Learning logs 

 

http://www.science.gc.ca/default.asp?Lang=En&n=730D78B4-1
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Procedures:  

Information:  

A. Scientists make comparisons when working with levels of contaminants found in 

fish and wildlife: They compare levels of contaminants between: 

 

 Different populations of the same species (i.e. DDT found in Ringed Seal 

blubber in Alaska and Greenland) 

 Different kinds of animals (i.e. DDT found in Ringed Seal blubber and Beluga 

blubber) 

 

B. Scientists also talk about the: 

 

 Lower levels of contaminants in populations of animals (i.e. lower levels of 

DDT found in Ringed Seal blubber) 

 Higher levels of contaminants in populations of animals (i.e. higher levels of 

DDT found in Beluga blubber 

 

1. The teacher downloads the “Levels of DDT in the Fat of Marine Mammals 

Across the Circumpolar Arctic picture” PDF in resources gives it to the students. 

If he doesn’t have a color printer, he can put it up on the screen so the students 

can see it. 

 

2. The teacher explains to the students that they are going to be learning about 

Levels of DDT in the fat of marine mammals across the circumpolar Arctic. He 

explains how scientists make comparisons when working with levels of 

contaminants found in fish and wildlife.  

 

3. The students answer the following questions in their learning logs based upon the 

picture the teacher has given them:   

 

a. Scientists have found that the DDT levels are lower in Ringed Seal 

blubber than in Beluga blubber. 

 

i. What is the range of contaminants in Ringed Seal blubber? 

 

ii. What is the range of contaminants in Beluga blubber? 

 

b. In general, scientists have found that Ringed Seals from Greenland, 

northern Europe, and Russia are higher than in other places.  

 

i. What are the levels of DDT in Ringed Seals in Canada? 

 

ii. What are the levels of DDT in Ringed Seals in Greenland, northern 

Europe, and Russia? 
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c. Scientists have found that the levels of DDT are even lower in Ringed 

Seals in Alaska. 

 

i. What are the ranges of DDT in Ringed Seals in Alaska?   

Activity 10- POPS- Old and New Video  

Objectives: 

 To learn about PCBs and flame retardant contaminants in the Arctic 

Resources:  

 POPS-Old and New (AMAP video) @ http://www.amap.no/   

Click on the video clips link that is on the left hand side of the page. The list of 

AMAP videos will come up. 

 Learning logs 

Procedures: 

1. The teacher tells the students that they will be watching the AMAP POPS-old and 

new video that talks about PCB and flame retardant contaminants in the Arctic. 

Click on the video clips link that is on the left hand side of the page. The list of 

AMAP videos will come up. 

 

2. The students watch the video ands answer the following questions in their 

learning logs:  

 

a. What is the name of the most significant environmental toxin in the arctic 

today? 

 

b. What is the name of the newest contaminant in the arctic? 

 

c. Name two items that brominated flame-retardants are found in? 

 

d. According to measurements, how many times have the brominated flame -

retardants increased over the last 3-4 years? 

 

e. What will happen if PCBs and brominated flame-retardants are not phased 

out in industries? 

 

3. After the students have completed the assignment, the teacher asks the students to 

discuss the steps they can take to reduce POPS in their community. 

http://www.amap.no/
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Activity 11- Cleaning Up PCBs in Alaska Communities (Math Activity)  

Objective:  

To figure out how many PCBs the state of Alaska has cleaned up at contaminated sites  

Resources:  

 Alaska Department of Environmental Conservation “Contaminated Sites Program 

Division of Spill Prevention and Response Annual Report”. 

 Learning logs 

Procedures: 

Information:  

A. What is a cubic yard of soil? A cubic yard of soil is 3 feet (H) x 3 feet (W) x 3 feet 

(L). It is 27 cubic feet. 

 B. “The Alaska Department of Environmental Conservation’s Division of Spill 

Prevention and Response (SPAR) is responsible for protecting Alaska’s land, waters, and 

air from oil and hazardous substance spills. Alaskans have made a concerted effort to 

prevent and clean up spills. Significant progress has been made in the safe handling, 

storage and transportation of oil and chemicals and the cleanup of historic 

contamination.” In August 2012, SPAR published the “Contaminated Sites Program 

Division of Spill Prevention and Response Annual Report”. 

The following math exercises are based upon information in the SPAR’s “Contaminated 

Sites Program Division of Spill Prevention and Response Annual Report.” 

1. The teacher talks with the students about a cubic yard and about SPAR. He 

explains to the students that SPAR published a report on contaminated sites in 

Equipment loads supersacks of PCBs into container 

Photo courtesy of Alaska Department of Environmental 

Conservation 
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Alaska in 2012 and that they will be doing math exercises based upon information 

taken from the report. The teacher asks the students to solve the following math 

problems in their learning logs:  

 

a. From 1945-1953 the United States Navy drilled a series of test wells to see 

how much petroleum was in the Umiat region of the North Slope 

Borough. SPAR is working on cleaning up PCBS around Test Well No. 9. 

that remains as a result of the exploration.  

 

In 2009 and 2011, ADEC removed 3,000 cubic yards of soil with PCBs in 

it. The department will be removing 900 cubic yards of PCBs in 2012.  

 

i. How many cubic yards of dirt will ADEC remove by the end of 

2012? ___ 

 

b. From 1950-1959, the United States Air Force constructed a series of 12 

Distant Early Warning (DEW) Radar Line Stations in Alaska to help 

detect an attack by the Soviet Union. Port Heiden was one of the radar 

stations. SPAR is working on cleaning up the PCBs that have been found 

around the radar station.  

 

In 2012, 17,000 cubic yards of PCB-contaminated soil was excavated and 

placed on a barge where it would later be disposed of at a permitted 

facility in the lower 48.    

  

i. How many cubic feet of PCB-contaminated did the barge help 

move to the lower 48? _____ 
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Lesson 4 – Heavy Metals 

Teaching:  

 

 

 

 

 

 

 

 

 

 

Heavy Metals are the second of the three groupings of the worst pollutants in the world.    

Manmade sources of metals located locally can really hurt the environment, but signs of 

damaged environments across a larger region are harder to see. Connecting dead trees 

and bare ground to a nearby source is not hard. But what does it mean when high mercury 

levels are found in the Arctic Ocean and northern lake sediments? With cadmium, how 

much is due to natural occurrence rather than manmade sources in explaining high 

enough levels in animals to raise health concerns? No matter the source of heavy metals, 

they are dangerous they accumulate in Arctic animals and available to humans who eat 

them. (Arctic: p93) 

 

As we have mentioned before, metals occur naturally in rocks, soil, plants, and animals, 

and in different forms: as small atoms dissolved in water, as vapors, gasses, or as salts or 

minerals in rock, sand, and soil. Plants and animals need some of these metals for 

nutrition; for instance we all need a certain amount of iron to be healthy. But some forms 

of metals can also be toxic, even in amounts, and therefore pose a risk to the health of 

animals and people. (Arctic: p94) 

 

Natural sources of heavy metals come from erosion and the weathering of rock. Human 

sources come from activities like mining, metal processing, and burning of fossil fuels. 

These, in turn, increase the amount of metals that can be transported by wind and water 

currents. The Arctic region receives heavy metals created in other regions of the northern 

hemisphere because they are carried on specks of dust that stay suspended in the cold 

polar air. Eventually they fall to the earth and work their way into plants and animals. 

Total mercury in 97-ice-core samples was determined with 

trace-metal clean handling methods and low-level analytical 

procedures in Wyoming glaciers.                                       

Image courtesy of USGS 
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Heavy metals that are found in customer goods and manufacturing processes are released 

into the environment when we burn or dump trash. (Arctic: p94) 

 

The major heavy metals of concern are mercury, cadmium, and lead. All three can be 

toxic at low levels. They are found in some regions of the Arctic at levels that can be 

risky to humans and the environment. Arctic Monitoring and Assessment Program, 

(AMAP), out of Norway, also considers the metals arsenic, copper, chromium, nickel, 

vanadium, and zinc, when they track metals in the Arctic. (Arctic: p94) 

 

If an organism’s uptake of a metal is bigger than its ability to get rid of it, the metal will 

accumulate in its body. Heavy metals usually accumulate in storage organs. For example, 

cadmium accumulates in the kidneys, mercury in the liver, and lead in the skeleton. The 

accumulation can carry on throughout the organism’s life and leads to chronic toxicity. In 

contrast to POPS, metals accumulate in protein tissues and bone rather than fat. (Arctic: 

p96) 

 

Metals are elements and do not breakdown, but they can change form. This becomes very 

important when considering mercury. 
  

 

 
 

 

 

Total mercury in 97-ice-core samples was determined with 

trace-metal clean handling methods and low-level analytical 

procedures in Wyoming glaciers.                                       

Image courtesy of USGS 
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Mercury (HG) 

 

Mercury occurs naturally as elemental mercury and as organic (living) and inorganic 

(dead) compounds. Most of the mercury in the environment is strongly connected to 

sediments and organic matter, and is not available to living beings. But what happens is 

the tiny microorganisms can change inorganic mercury into methyl mercury, which 

gathers in fat molecules that easily pass through cell membranes, accumulates in animals, 

and biomagnifies in the food web. (Arctic: p94) 

 

Mercury is toxic to the nervous system and mostly affects the brain in embryos and the 

young. Mercury also damages reproduction in mammals by upsetting the formation of 

sperm. These same things are happening to birds. Mercury affects fish by decreasing their 

sense of smell, damaging their gills, causing blindness, and changing their body’s ability 

to absorb nutrients in the intestines. High amounts of mercury reduce the growth of 

plants. (Arctic: p94) 

 

The biggest manmade sources of mercury in the Arctic atmosphere are the burning of 

fossil fuels, particularly coal, and trash. Other sources are the industries that produce 

chlorine-alkali and metal (metals that don’t include iron). Mercury is also used in 

thermometers, barometers, dental fillings, batteries, and fluorescent lamps. (Arctic: p94) 

 

In Alaska we have processes associated with climate change that add to the mercury in 

the environment. When permafrost melts and temperatures go up our lakes and rivers will 

have more organic matter that contains mercury. (There is usually more mercury where 

there is more organic matter.) The mercury will flow in rivers to lakes and coastal areas 

where it is will be consumed by freshwater and marine animals. Once mercury enters the 

food web, the predators at the top, like us, accumulate more mercury. 

 

In Alaska we have another more sinister process that releases methyl mercury. Mercury 

levels in the air are fairly stable from September-March, but during breakup the levels 

drop. Recent research has discovered what is called “polar sunrise” phenomenon. 

 

 

 
 Mercury is deposited on the snow during polar sunrise.                                

Image courtesy of Michgan State University Public Health Department 
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Polar Sunrise and Mercury (Canada: p21) 

 

Canadian scientists have recently made significant advances in the 

knowledge of atmospheric mercury in the Arctic. The discovery of a 

northern springtime drop in the levels of atmospheric mercury has led to 

subsequent discoveries of how mercury is transformed and deposited in 

the Arctic. 

 

Each year, just after the sun reappears after the long polar night (polar 

sunrise), mercury is converted to a different form. This new form of 

mercury is much more easily deposited onto the surface (usually snow or 

ice at this time of year) than the original form of mercury. The 

transformation and removal of this new form of mercury from the 

atmosphere onto the surface is called a mercury depletion event (MDE). 

Measurements show that more mercury is found in the snow after a MDE, 

though some may be released back into the air from the surface. 

 

Some of the new form of mercury in the surface snow dissolves in water, 

and may be converted into methyl mercury — the most toxic form of 

mercury for wildlife and humans. This happens at the time of year when 

plants and animals are starting to prepare for peak summertime activity 

and when they are more vulnerable to picking up the toxic form of 

mercury. 

 

Although first discovered in Canada, the same phenomenon has been seen 

at other northern locations (e.g., Ny Ålesund on Svalbard, northern 

Norway; Barrow, Alaska; and Amderma, Russia). It has even been found 

to occur in Antarctica. 

 

 

2. Cadmium (Cd) 

 

Cadmium is toxic to most forms of life. It accumulates in both plants and animals when it 

is consumed from a water source, as well as from some air and food sources. Mushrooms 

can be very rich in cadmium. Cadmium is a little less toxic to aquatic invertebrates by 

decreasing their ability to grow and lowering the survival rate of larvae. In fish, cadmium 

interferes with calcium metabolism. (Arctic: p94) 

 

Cadmium accumulates in the kidneys and liver in higher animals, by binding to a special 

protein that makes the metal harmless to the animal. However, after a certain level 

accumulates, cadmium begins to damage the kidneys and disrupts the intake of vitamin D 

and calcium. Serious cadmium poisoning damages the kidneys and sucks the calcium out 

of the bones of the skeleton. Cadmium leaves the body extremely slowly. (Arctic: p95) 
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Cadmium is produced as a byproduct in the creation of zinc and lead. It is also released 

when fossil fuels and waste are burned. Cadmium is used in many things like alloys, 

pigments, metal coatings, batteries, and in the electronics industry. It is also found in 

chemical fertilizers, manure, compost, and sewage sludge. (Arctic: p95) 

 

3. Lead (Pb) 

 

Lead attaches itself to sediments and soil particles, so it does not go directly into plants 

and animals. Lead has inorganic salts (lead oxides and sulfides) that don’t dissolve in 

water, so they are found in the sediments. In water, lead uptake depends on temperature, 

salinity, pH, and how much organic matter is present. It is not known how animals get 

lead in their systems. It may come through the skin, breathed in through the lungs or 

eaten in contaminated food. Lead builds up in the liver, kidney, spleen, and skeleton, and 

can accumulate in eggs and embryos. It takes many years to leave a body once it gets into 

the skeleton. (Arctic: p95) 

 

Lead poisoning damages the nervous and digestive systems. It also restricts the formation 

of red blood cells that causes anemia. An even low amount of lead in the body is toxic to 

growing brains and can affect the behavioral development of young. For example, in 

polluted cities, fumes from cars burning leaded gasoline have probably caused air 

concentrations high enough to affect children’s development. Lead can pass through the 

placenta and affect a growing fetus. (Arctic: p95) 

 

In fish, lead accumulates in the gills, liver, kidney, and bones. In young fish, lead first 

blackens the tail and then damages the spine. It also reduces the survival rate of larvae. 

Birds are only affected by lead when they absorb a lot. They can get lead poisoning and 

die from eating pellets of lead shot. (Arctic: p95) 

 

 

Recycling reduces cadmium in the environment.         

Image courtesy of Alaska Cruise Association 
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Lead attaches itself to sediments and soil particles, so it does not go directly into plants 

and animals. Lead has inorganic salts (lead oxides and sulfides) that don’t dissolve in 

water, so they are found in the sediments. In water, lead uptake depends on temperature, 

salinity, pH, and how much organic matter is present. It is not known how animals get 

lead in their systems. It may come through the skin, breathed in through the lungs or 

eaten in contaminated food. Lead builds up in the liver, kidney, spleen, and skeleton, and 

can accumulate in eggs and embryos. It takes many years to leave a body once it gets into 

the skeleton. (Arctic: p95) 

 

Lead poisoning damages the nervous and digestive systems. It also restricts the formation 

of red blood cells that causes anemia. An even low amount of lead in the body is toxic to 

growing brains and can affect the behavioral development of young. For example, in 

polluted cities, fumes from cars burning leaded gasoline have probably caused air 

concentrations high enough to affect children’s development. Lead can pass through the 

placenta and affect a growing fetus. (Arctic: p95) 

 

In fish, lead accumulates in the gills, liver, kidney, and bones. In young fish, lead first 

blackens the tail and then damages the spine. It also reduces the survival rate of larvae. 

Birds are only affected by lead when they absorb a lot. They can get lead poisoning and 

die from eating pellets of lead shot. (Arctic: p95) 

 

On the global scale, leaded gasoline is the major source of environmental contamination. 

Other sources include mining and metallurgic industries, ammunition, and trash burning. 

(Arctic: p95) 

 

4. Selenium (Se) 

 

Selenium is not a true metal, but its interactions with other metals in the environment 

make it toxic. It is an essential nutrient for life in small amounts but becomes toxic in 

higher amounts, damaging hair and nails. In the environment as well as in the body, it 

Recycling batteries keeps lead out of the environment.                        

Image courtesy of Alaska Environmental Resources 
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forms an insoluble (doesn’t dissolve) salt with mercury, which lessens the toxicity of both 

mercury and selenium. (Arctic: p95) 

 

The formation of inactive metal-protein complexes plays an important role in detoxifying 

cadmium, zinc, copper, and mercury. Selenium can reduce the toxicity of arsenic, 

cadmium, and mercury in a similar manner. Therefore, high selenium levels in the 

environment can decrease the toxicity of these metals. (Arctic: p96) 

 

Surrounding Environment Influences Metal Uptake 

 

The effect of metals in the environment depends on whether they are found in forms that 

can be taken up by plants or animals. For example, lead that is absorbed by sediment is 

not easily taken in, but cadmium ions can be directly taken in through contact with water. 

Mercury sticks to sediments and organic material, but tiny little microorganisms can 

change it into methyl mercury, which is easily taken in by water and land organisms.  

 

There are some naturally occurring environmental situations that play an important role 

in uptake. For example, in saltwater, naturally occurring chloride ions can bind some 

metal ions, which make them less available to living cells. (Arctic: p96) 

 

Cadmium and lead are less toxic in saltwater than in freshwater. Acidity, the amount of 

suspended matter, and the amount of organic carbon in the water can also affect uptake. 

Uptake of metals in an animal requires metal ions crossing a cell membrane. Sometimes 

there are particular carriers within the cell that carry the metal ions across the cell 

membrane. Therefore, the effects of metals in air, water, or sediment depend on the 

transport ability of the cell membrane as well as how much of metals occur there. Also 

the levels of one metal may influence the uptake of another. (Arctic: p96) 

 

Most tissue samples for metals are taken from the storage organs of animals because 

those are the ones we eat. But this may not be a good representation of the effects on the 

animal itself because the most toxic effect may not be in a storage organ. For example, 

very little is known about mercury levels in brain tissue, which is where the most damage 

occurs.  

 

If an organism’s uptake of a metal is bigger than its ability to get rid of it, the metal will 

accumulate in its body. The table below shows some selected values for how efficiently 

organisms are able to absorb mercury, cadmium, and lead, and how fast they can get rid 

of these substances. (Arctic: p96) 
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www.pebbles 

6. Many Emissions are Decreasing 

 

The good news is that the worldwide output of most metals seems to be decreasing. Many 

countries have banned certain emissions. Filtering smoke stacks has become common. 

The technology for cleaning sulfur and nitrogen from industrial emissions also works for 

mercury and other heavy metals that are released as gases. Unleaded gas is replacing 

leaded gas in many countries. (Arctic: p98) 
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The toxins from gold mining can harm salmon. 

Image courtesy of Pebble Science 

 

 

7. Mining 

 

In Alaska we need to be worried about the increased level of mining due to the high 

prices of gold. A report found on Alaska Community Action on Toxics website, entitled 

“Mining and Community Health” explains the process and the hazards common to 

mining operations. Full report is located in the appendix that also contains the reports 

corresponding footnotes.  

Excerpts from the report are copied below: 

 

“There are numerous ways in which mines impact the health of nearby 

environments and local communities. Mining involves some generally 

standard processes and practices. (p1)   

 

Removing Overburden  

 

First the mine removes material that is covering the ore (or in the case of an 

underground mine shafts or other openings and accesses are blasted/cut into the 

ground to access the ore). Waste rock is the material that is removed to access the 

ore – but has no value of its own, and may cause environmental impact, such as 

through the formation of acid mine drainage. It is usually deposited in “waste rock 

piles” that remain forever.
 
(p1)  

 

Mining Ore  

 

Ore is removed from the ground or underground workings – resulting in a pit or 

final underground configuration of the mine. These openings may pose physical 

hazards, such as subsidence (caving and sinkholes) or steep hazards. They may 

also pose chemical hazards, because their now-exposed rock surfaces can react 

with air, water, or other mine chemicals to result in acid mine drainage or other 

leaching/leached drainage. (p1) 
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Mining uses large amounts of energy requiring the transport and the combustion of 

high volumes of fossil fuels. Mining operations consume 7-10 percent of the 

world’s energy production annually.
3 

Burning fossil fuels releases toxic substances 

such as mercury and polycyclic aromatic hydrocarbons (PAHs) into the 

atmosphere.
4 

Because of the remote nature of mining sites in Alaska, the burning 

of fossil fuels typically takes place on site. In addition to significant energy needs, 

most mining requires massive amounts of water. The Betze-Post Gold mine in 

Nevada (run by Barrick Gold) for example, pumps 100 million gallons of ground 

water a day. (p1) 

 

Mining operations are also noisy and noise produced by human activities reduces 

the populations of animals nearby. Animals ranging from birds to deer are known 

to avoid areas with significant amounts of noise produced by people.
 
The noise 

associated with mining operations could potentially have an adverse impact on 

subsistence hunting, making it more difficult for communities that rely on a 

subsistence diet to ensure livelihood. The EPA determined that noisy activity at the 

Red Dog mine and transport road contributed to a decrease in caribou harvest, a 

similar decrease in Beluga harvest was associated with Red Dog port site. (p2)
 
 

 

 
Fort Knox Tailings Dam 

Image courtesy of Pebble Science 

 

Milling 

 

Milling is the step where ore is processed to remove as much of the valuable 

minerals as possible on-site. Some mines use chemical processes to remove metals 

from crushed ore including chemicals such as cyanide and sulfuric acid. The waste 

from the milling or other processing is usually called “tailings”, which is most 

frequently a liquid or slurry material. These tailings are often known to be 

contaminated with toxic metals and cyanide, and may continually produce sulfuric 

acid as they degrade. Cyanide bearing mine tailings are extremely toxic to wildlife 

that come in contact with them and it has been found that most mining operations 

greatly under-estimate the number of animal deaths caused by mine tailings.
 
Mine 
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tailing must be stored in an engineered tailings dam to prevent their release into the 

environment, but tailings dams are known to leak and occasionally to break. In 

some cases waste rock or tailings material can be deposited in the pit or 

underground workings as a means of permanent deposit. Regardless of the means 

of storage, mine tailing must be stored and monitored forever. (p2) 

 

Environmental Contamination and Human Health  

 

Mines are notorious polluters; the mining industry is continually one of the top 

producers of toxic substances in the United States. Every year since 2004, Alaska’s 

Red Dog mine has released more toxic substances than any other site in the United 

States. In 2007, it released 533,421,606 pounds of toxic substances. In Alaska, Red 

Dog, Greens Creek, Fort Knox and Pogo mines hold the top four places in the 

Toxics Release Inventory.
10 

Together they release more toxic substances than the 

next 30 Alaskan sites combined.
11 

These toxic substances include dioxin, cyanide, 

mercury, arsenic, lead, cadmium, polycyclic aromatic hydrocarbons, and numerous 

others. The toxic nature of mining operations puts human health at risk. Not only 

are mine workers directly affected by their work environment, but toxic substances 

may be transported from the mine site to affect local communities and the 

environment. (p2) 

 

 

 
 

Acid drainage can contain heavy metals. 

Image courtesy of Pebble Science 

 
 

Long Term Considerations 

 

What happens when mines no longer produce ore – whether because the ore is 

exhausted or market prices make the mine uneconomic? When mines stop 

producing, their pits and underground workings are typically allowed to naturally 

fill with water over time to create artificial lakes and flooded underground caverns, 

or are back-filled with waste rock. In either case, old mine sites can be potential 
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sources of acid mine drainage, a highly acidic toxic solution frequently 

contaminated with toxic metals such as arsenic, mercury and lead.
49 

Acid mine 

drainage has been associated with destruction of aquatic habitats and altering of 

food webs.
50 

Acid mine drainage is highly toxic to salmon fry, and also affects the 

ecosystem in ways that diminish the food supply for juvenile salmon.
51 

The effects 

of acid mine drainage on humans has not been well studied, but high toxic metal 

concentrations associated with acid mine drainage are known to be harmful to 

human health.” (p6)
  

 

 

Activity 1- Testing for Heavy Metals in Fish and Wildlife Organs 
 

Objective:  

 

To learn about testing for heavy metals in fish and wildlife organs 

 

Resources:  

Canadian Arctic Contaminants Assessment Program Highlights PDF @ 

http://caid.ca/CanArtCon1.2003.pdf  

 Picture on pages 40, 56, 64, and 66 of the PDF 

 Learning logs 

Procedures: 

 

1. The teacher downloads the following pages 39, 40, 56, 64, 66 from the Canadian 

Arctic Contaminants Assessment Program Highlights PDF that is listed in the 

resources section.  

 

a. Each of these pages has a picture on it that shows the organs in wildlife 

that scientists test for heavy metals.  

 

b. He gives the pictures to the students. If he doesn’t have a color printer, he 

can put the pictures up on the screen so the students can see it.      

 

2. The teacher explains to the students that they are going to be looking at the organs 

scientists test for heavy metals in the Canadian Arctic Contaminants Assessment 

Program Highlights PDF. The teacher asks the students to answer the following 

questions about the organs scientists test for heavy metals: 

 

a. Mercury levels in Ringed Seals and Beluga Whales organs 

 

i. Look at the picture of “Mercury levels in Ringed Seals and 

Beluga Whales Organs” (page 39) 

 

http://caid.ca/CanArtCon1.2003.pdf


  

 65 

ii. List the organs scientists test for mercury in Ringed Seal 

and Beluga Whales.    

 

b. Cadmium levels in Ringed Seal organs 

 

i. Look at the picture of “Cadmium Levels in the Livers of 

Ringed Seals” (page 40) 

 

ii. List the organ the scientists test for Cadmium in Ringed 

Seals. 

 

c. Cadmium and Mercury Levels in Caribou  

 

i. Look at the picture of “Cadmium and Mercury Levels in 

Caribou Kidneys across the Canadian North” (page 56) 

 

ii. List the organ scientists test for Cadmium and Mercury in 

Caribou    

 

d. Mercury levels in Lake Trout organs  

 

i. Look at the picture of “Levels of Mercury in Lake Trout 

Muscle across the Canadian North” (page 64) 

 

ii. List the organ scientists test for Mercury in Lake Trout  

 

e. Mercury and cadmium levels in common ducks and King Eider 

ducks.  

 

i. Look at the picture of “Levels of Mercury and Cadmium in 

the Liver and Kidneys of common and King Eider Ducks” 

(page 66) 

 

ii. List the organ scientists test for Mercury and Cadmium in 

the livers and kidneys in common and King Eider ducks.  

 

f. The teacher asks the students to: 

 

i.  List all of the internal organs that are eaten from 

subsistence foods in the region in their learning logs. 

 

ii. The teacher asks the students to list what heavy metals 

they could test for in these internal organs. 
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Activity 2- Mercury Video 

Objective:  

 To learn how mercury is deposited in the Arctic during Polar Sunrise. 

 To learn about mercury changing into the methyl mercury that can harm wildlife 

and humans 

Resources: 

 Arctic Monitoring and Assessment Program Mercury video: 

 

o The video is located at: http://www.amap.no/   

o Click on the video clips link that is on the left hand side of the page. The 

list of AMAP videos will come up. 

Procedure: 

1. The teacher tells the students that they will be watching the AMAP “Mercury” 

video on how mercury is deposited in the Arctic during polar sunrise. 
 

2. The teacher asks the students to answer the following questions in their learning 

logs after they have watched the video:  

 
a. How is mercury transported?    

                                                                               

b. What must happen to mercury before it can become a threat to people and 

wildlife?     

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA                                                                                                                          

c. Do the sun’s ultraviolet ray’s help mercury covert to its toxic form?                   

 

d. Is there more or less mercury deposited on the land when we lose the ozone 

layer?        

                                                                                                                          

3. After the students have completed the assignment, the teacher asks them to talk 

about how mercury can be converted to its toxic form in the arctic. 

 

Activity 3- Loons and Mercury  

Objective: 

 To watch the Canada Earthtones video “Loons and Mercury” 

Resources:  

 Canada Earthtones video: “Loons and Mercury” 

o The video is located at: 

http://www.amap.no/
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http://www.science.ga.ca/default.asp?Lang=En&n=46379631-1  

 

Procedures: 

1. The teacher tells the students they are watching the Earthtones video “Loons and 

Mercury” which talks about the mercury scientists found in loons in Nova Scotia. 

 

2. The teacher asks the students to watch the video and then answer the following 

questions in their learning logs: 

 

a. What did Canadian scientists find when they took blood samples from 

loons on the pristine Nova Scotia lakes in 1995? 

 

b. How much higher were the levels of mercury than they expected? 

 

c. Why did scientists think the mercury levels were so high? 

 

d. Why do scientists think the loons have been able to survive on the lakes? 

 

e. What will the scientists be studying about the loons and the mercury in the 

lakes in the future? 

 

3. After the students have completed the assignment, the teacher asks them if they 

would like to learn more about mercury so that they can help protect the wildlife 

in their community. 

Activity 4- How Mining Impacts Human Health and the 

Environment 
 

Objective: To learn about how mining can affect human health and the environment 

Resources: 

 Alaska Community Action on Toxics, “Mining and Community Health” article 

 Addresses for the mines on the Internet 

Procedures: 

1. The Actions for Toxics Reports talks about Fort Knox, Greens Creek Mine, Pogo 

Mine, and Red Dog mine and how these mines are impacting the environment. 

The teacher tells the students to look up the mines on the Internet and answer the 

following questions in their learning logs: 

 

a. Fort Knox Mine: 

http://www.dced.state.ak.us/ded/dev/minerals/fortknox.htm 

 

b. Greens Creek Mine: 

http://www.dced.state.ak.us/ded/dev/minerals/greencrk.htm 

http://www.science.ga.ca/default.asp?Lang=En&n=46379631-1
http://www.dced.state.ak.us/ded/dev/minerals/fortknox.htm
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c. Pogo Mine: http://www.dced.state.ak.us.ded/dev/minerals/pogo.htm 

 

d. Red Dogs Mine: 

http://www.dced.state.ak.us/ded/dev/minerals/reddog.htm 

 

i. What ore (s) are mined at each site?  

 

ii. What process is used to clean the ore at Greens Creek 

Mine? 

 

2. The teacher reviews the information from Lesson 2 about sources of 

contamination with the students. The teacher asks the students to use this 

information to think about the ways a mine could affect the following in the 

area: 

 

a. Air quality 

 

b. Land near the mine 

 

c. Subsistence resources 

 

d. Water quality  

 

3. The teacher asks the students to work in groups and make a map that will show 

how mining can affect the environment and the people in the community. The 

groups share their map with the class. 

Activity 5- Sampling Fish for Contaminants (Math Activity)  

Objective:  

 To learn about samples that scientists took when they were testing fish for heavy 

metals in the Middle Kuskokwim River. 

Resources:  

 Additional Teacher Resources: The table titled “Number of Samples Collected to 

Test for Heavy Metals in Fish Living on the Middle Kuskokwim River, Alaska.” 

Procedures: 

1. The teacher copies the table “Number of Samples Collected to Test for Heavy 

Metals in Fish Living on the Middle Kuskokwim River, Alaska” that is in the 

Additional Teachers Resource Section and gives it to the students. 

 

2. The teacher tells the students that the table they are working with shows the 

number of fish samples collected on the Middle Kuskokwim River when 

http://www.dced.state.ak.us/ded/dev/minerals/reddog.htm
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scientists were testing for heavy metals that may have leached from the 

abandoned Red Devil Mine area.  

 

3. The teacher shows the students how to read the table and then asks them to 

answer the following questions in their learning logs: 

 

a. What species of fish were collected?      

                                                        

b. How many tributaries were the fish collected in?                  

 

c. What was the number of fish collected in the tributaries? 

 

i. What was the total number of Arctic Grayling collected in the 

tributaries? 

 

ii. What was the total number of Slimy Sculpin collected in the 

tributaries?      

 

iii. What was the total number of Dolly Varden collected in the 

tributaries? 

 

Number of fish samples collected from tributaries in middle Kuskokwim River, Alaska                                                                                                                            

Table courtesy of Bureau of Land Management 
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iv. What was the total number of macroinvertebrates collected in the 

tributaries? 

 

v. Name two tributaries where the scientists were able to collect all 

three species of fish and macroinvertebrates. 

 

d. How many fish were collected in all? 

Activity Six- What is the Level of Contaminants in the Fish? (Math 

Activity) 

Objective: To learn how to read fish sampling graphs 

Resources: Additional Teacher Resources Graphs: “Mercury Concentration in Small 

Fish and Macroinvertebrate Graph” and “Total Arsenic Concentration in Burbot Graph”. 

Procedure: 

1. The teacher copies the “Mercury Concentration in Small Fish and 

Macroinvertebrate Graph” and “Total Arsenic Concentration in Burbot Graph” in 

the Additional Teacher Resources section and gives it to the students. 

 

2. The teacher tells the students that they are going to be working with graphs that 

show heavy metal concentrations in fish and macroinvertebrates in the 

Kuskokwim River.     

                                                                               

3. The teacher shows the students how to read a graph and then asks them answer 

the following questions about each of the graphs in their learning logs: 



  

 71 

 

Mean total mercury concentrations in small fish and macroinvertebrates in Red Devil Creek,  

Alaska 2010-2011                                                                                                                                                            

Image courtesy of Bureau of Land Management 

 

a. Name the two small species of fish on the chart and one invertebrate. 

 

b. List the two years the mercury samples were taken. 

 

c. Which year did the fish and macroinvertebrates have the greatest 

concentration of mercury? 

 

d. Which year the fish and macroinvertebrates have the least concentration of 

mercury?               

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa 

e. Did the fish or the macroinvertebrates have the greatest concentration of 

mercury on the chart?                                   

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa 

f. Which fish on the chart had the least concentration of mercury? 
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Mean total arsenic concentration in burbot (Lota lota) also known as lush, tissues collected in the middle 

Kuskokwim River. 

a. What two tissues did the scientists test for arsenic? 

 

b. Which tissue had the greatest concentration of arsenic in it?  

aaaaaaaaaaaaaaaaaaaaa                                

c. List the two years and seasons the arsenic samples were taken.         

aaaaaaaaaaaaa 

d. Which year and season did the Burbot have the greatest concentration of 

arsenic in them?           

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa 

e. Which year and season did the Burbot have the greatest concentration of 

arsenic in them? 

Activity 7- How to Take A Hair Sample to Monitor Mercury 

Objective: To learn about the Alaska “Statewide Hair Mercury Biomonitoring Program”  

Resources: 

 “Statewide Hair Mercury Biomonitoring Program pdf” published by the Alaska 

State Environmental Public Health Program                                                           

@ http://www.epi.hss.state.ak.us/eh/biom/ 

 Learning logs 

http://www.epi.hss.state.ak.us/eh/biom/
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Procedures: 

1. The teacher downloads the “Statewide Hair Mercury Biomonitoring Program pdf” 

in the resources section, copies it, and gives it to the students. 

 

2. The teacher asks the students to read the “Statewide Hair Mercury Biomonitoring 

Program pdf” and answer the following questions in their learning logs:              a 

 

3. Why is the state of Alaska measuring mercury levels in women of childbearing 

age (15-45 years)? 

 

4. Are the levels of mercury in Alaska high or low?     

                                      A 

5. Is fish a healthy choice for people? Why? 

 

6. Should people stop eating fish?     

                                                              

a. How can a woman choose to participate in the Statewide Hair Mercury 

Biomonitoring Program?  

                                                                             

b. How will the Alaska State Department of health use the information from the 

mercury testing? 

Activity 8: “Guide to Eating Fish Safely for Alaska Women and 

Children”  

Objective: 

 To learn about the information in the “Guide to Eating Fish Safely for Alaska 

Women and Children.” published by the Alaska State Environmental Public 

Health Program  

Resources: 

 “Guide to Eating Fish Safely for Alaska Women and Children.” Alaska State 

Environmental Public Health Program                                                                    

@ www.epi.alaska.gov/eh/fish/fishconsumptioncalc.pdf 

Procedure: 

1. The teacher downloads the “Guide to Eating Fish Safely for Alaska Women and 

Children pdf” in the resources section, copies it, and gives it to the students. 

 

2. The teacher asks the students to read the “Guide to Eating Fish Safely for Alaska 

Women and Children pdf” and answer the following questions in their learning 

logs.         
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a. What three groups of people does the fish calculator apply to?  

 

b. What is a meal size for -Adults _____ Children 12 years and under _____? 

 

c. According to the fish calculator, a pregnant or nursing mother and children 

12 years and younger can mix and match their fish meals up to 

_____points /week. 

 

d. According to the fish calculator how much fish can a person eat who is not 

a pregnant or nursing mother or a child under 12? _____ 

Activity 9: Using the Fish Consumption Calculator (Math Activity) 

Objective: To learn how to work with the Fish Calculator  

Resources: 

 “Guide to Eating Fish Safely for Alaska Women and Children.” Alaska State 

Environmental Public Health Program       

@ www.epi.alaska.gov/eh/fish/fishconsumptioncalc.pdf 

Procedure: 

1. The teacher tells the students that they are going to learn how to work with the Fish 

Calculator to determine whether the amount of fish that people are eating/week meets the 

guidelines in the Guide to Eating Fish Safely for Alaska Women and Children pdf. 

2. The teacher shows the students how to work the Fish Calculator and then asks them to 

answer the following questions in their learning logs:  

a. A pregnant woman eats Alaska King salmon for 7 meals during the week and Red 

Salmon for 2 meals.  

 

i. How many points is this on the fish calculator?                                

i. Is the pregnant mother over or under the allowable guidelines for eating fish 

per week?   

 

b. A 6-year-old child eats 3 ounces of Alaska Halibut 20-39 pounds for one meal a 

week and Alaska Halibut 40-49 pounds for two meals a week. 

 

i. How many points is this on the fish calculator? 

 

ii. Is the child over or under the allowable guidelines for eating fish per 

week? 
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c. A nursing mother eats Alaska Red Salmon four meals a week, Alaska Rougheye 

Rock Fish once a week, and Alaska Halibut 90 pounds or more for two meals a 

week. 

 

i. How many points is this on the fish calculator?  

 

ii. Is the nursing mother over or under the allowable guidelines for eating fish 

per week? 

Activity 10: Lead vs. Non- Lead Bullets in Hunting 

Objective:  

To discuss the pros and cons of lead vs. non lead bullets  

Resources: 

 “Human Exposure to Lead From Ammunition in the Circumpolar North”, by 

Verbrugge, Wenzel, Berner, and Matz.   

 

@ http://www.peregrinefund.org/subsites/conference-lead/PDF/0110%20Verbrugge.pdf 

 

Procedures: 

1. The teacher copies off the abstract in Human Exposure to Lead from Ammunition 

in the Circumpolar North and gives it to the students. 

 

1. The teacher tells the students that they are going to be talking about lead vs. non-

lead bullets in hunting. He asks the students to read the abstract on human 

exposure to lead and then answer the following questions in their learning logs: 

a. What do you use for firearms when hunting? 

 

b. Do you like lead shot better than non-toxic or steel shot? Why?   

         

c. Name four ways that you can be exposed to lead when you are hunting? 

 

d. Can children in your community be exposed to lead when people are hunting? 

How? 

 

e. What would you need to know and have in order to switch from lead ammunition 

to an alternative?  

4. After the students have finished answering the questions, the teacher and the class 

discuss the answers. 
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Activity 11. Ice Cores  

Objective: 

 To watch the Canada Earthtones video “Ice Cores” 

 To explore a career working with arctic geology research 

Resources:  

 Canada Earthtones video: “Ice Cores”     

 

@ http://www.science.gc.ca/default.asp?Lang=En&n=D4359403-1  

 

Procedure: 

1. The teacher tells the students they are watching the Earthtones video “Ice Cores” 

that talks about what scientists can learn about climate change and contaminants 

by studying ice cores.  

 

2. The teacher asks the students to watch the video and then answer the following 

questions in their learning logs: 

 

a. Name three facts scientists can learn about the environment by studying 

ice cores. 

 

b. How do scientists examine ice cores in the laboratory? 

c. Heavy metals that come from industrial areas of the world are deposited in 

the ice. How do scientists measure the heavy metals that are deposited?  

 

d. How can scientists share the results of their research on heavy metals with 

people? 

 

e. Can scientists find a record of nuclear bomb testing in the ice? What year 

did the nuclear bomb testing start and what year did it end? 

 

3. After the students have completed the assignment, the teacher asks them if they 

would like to become a scientist and study ice cores and geology in the arctic. 

 
 
 

 

 

 

http://www.science.gc.ca/default.asp?Lang=En&n=D4359403-1
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Lesson 5 – Radionuclides 

Teaching:   

The last of three groupings of the worst pollutants in the world are radionuclides.  So 

what are radionuclides? The US Environmental Protection Agency website says that a 

radionuclide is an unstable form of a nuclide. A nuclide is a general term that is applied 

to all atomic forms of an element. Nuclides are defined by the number of protons and 

neutrons in the nucleus, as well as by the amount of energy in the atom. They may occur 

naturally, but can also be produced by manmade processes. 

http://water.epa.gov/lawsregs/rulesregs/sdwa/radionuclides/basicinformation.cfm#one   

 

 

 

 

 

 

 

 

 

 

“Simple diagram of nuclear fission. In the first frame, a neutron is about to be captured 

by the nucleus of a U-235 atom. In the second frame, the neutron has been absorbed and 

briefly turned the nucleus into a highly excited U-236 atom. In the third frame, the U-236 

atom has fissioned, resulting in two fission fragments (Ba-141 and Kr-92) and three 

neutrons, all with large amounts of kinetic energy. Created by User:Fastfission in 

Illustrator.” 

 

When learning about radionuclides, one must understand that everything talked about is 

on the atomic level, or inside atoms. So these are processes that come from reactions 

inside atoms that are very, very, very small.  

Radionuclides are found naturally in air, water and soil. They are even found in us, 

because we are products of our environment. Every day, we eat and breathe radionuclides 

in our air and food and the water. Natural radioactivity is common in rocks and soil, in 

Simple diagram of nuclear fission.   

Image of Wikimedia commons 

 

http://water.epa.gov/lawsregs/rulesregs/sdwa/radionuclides/basicinformation.cfm#one
http://commons.wikimedia.org/wiki/User:Fastfission
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water and oceans, in building materials and in our homes. There is nowhere on Earth that 

you can escape natural radioactivity.  

Radionuclides come from natural radiation that results from the decay of nuclei (within 

the atom) in the earth’s crust. Naturally then, sources of radiation can be found in the 

rocks in the earth's crust. Some of these rocks, like granite, are commonly used in cities 

for building materials. So it is common for cities with large buildings to have high levels 

of background radiation. Other natural sources are found in the foods we eat. Bananas 

and certain salt-substitutes contain high levels of potassium, which has a radioactive 

isotope.  

Radionuclides also come from cosmic radiation (coming from outer space). They are 

made up of high-speed charged particles that always bombard the earth. Fortunately, 

Earth has an atmosphere that helps absorb and filter them out. Most of this radiation 

decays before reaching the ground, and so it is not a big threat to us. However, some 

radiation still makes it to the ground. The dose of cosmic radiation that you receive 

depends on the elevation of the area in which you live. Since air is thinner at higher 

elevations, less cosmic radiation is filtered out than in the thicker air in lower altitudes. 

(Arctic: p112) 

Radon 

A natural source of radionuclides comes from Radon. The information pamphlet from the 

University of Alaska Cooperative Extension Service is copied in its’ whole below. This 

report focuses on radon in Fairbanks, but it is relevant for the whole Interior of Alaska.  

 

 

 Radon In Homes— the Alaska Experience 

by Richard D. Seifert 

Extension Energy and Housing Specialist 

INTRODUCTION 
“Since radon was first found to be a concern in Alaska in 1986, the interest and 

awareness of radon as a special housing and health problem has continued to grow. There 

are certain features of a house that characterize it “at risk” for radon. Efforts at mitigation 

are being made that have been most effective in reducing radon under Alaska conditions. 

Clearly, radon must be able to enter a home in order to be a problem. Riefenstuhl and 

Kline have analyzed the conditions for radon transport from soils to home interiors 

(Personal communication, 1988). 
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Four factors must exist in a house’s location for it to be a radon “at risk” house. Two of 

the factors are geological in nature; the other two factors are determined by the structure 

of the house itself and the way it is operated. 

 

1. There must be adequate uranium to provide a source for radon transport. 

2. There must be enough permeability in the soil to allow rapid soil gas movement to 

carry radon from its origin to the interior of the home. 

3. The house must have soil contact that has imperfections, holes, cracks, or intentional 

perforations which allow the movement of radon through the basement or crawl space. 

4. There must be lower pressure inside the house than in the soil so that radon flows into 

the house. 

 

All four of these characteristics are necessary for radon to be a problem. The absence of 

any single characteristic eliminates the possibility of radon (in general).  

 

Through two years of selective testing, it became clear that Interior Alaska – especially 

the uplands near Fairbanks – is a radon risk area. In the first year of radon screening tests, 

done non-randomly with Air-Check brand charcoal screening kits, 52% of the 353 tests 

were at or above the remedial action level as set by the Environmental Protection Agency 

(EPA). More than 20% of the tests – or one in five – were above 20 pCi/l (pico 

Curies/liter), which is five times the EPA recommended remedial action level. Obviously, 

Fairbanks needed further research to determine how bad the problem is, and see what 

might be a means of mitigation. 

 

Not only is the long heating season in Fairbanks a factor in radon transport, but 

throughout the heating season the oil-fired combustion system actually provides the 

negative pressure to move radon into the house and cause radon concentration. The 

heating system in a house tends to act as a pump that sucks radon laden air into the 

bottom of the house, and drives the exhaust out the top. 

 

All of these factors relate to an understanding of the problem in a specific geological 

setting. This does not mean that radon cannot be present in areas which are less suspect, 

such as flood plains, highly porous gravel in valleys or deep silts. We have found less of 

a problem at these sites, but there are always spurious and inexplicably high levels in 

various places where it is not expected. One such area is the Aurora Subdivision in 

Fairbanks; another is Lakloey Hill on Badger Road in the North Pole. The Lakloey Hill 

situation is a model of the larger hills to the north of Fairbanks, so it is more explicable 

than the Aurora Subdivision case. 

 

The somewhat alarming experience early in Fairbanks led ultimately to Alaska’s 

inclusion in the third round of EPA’s Ten State Surveys. The Alaska EPA/DGGS  

(U.S. Environmental Protection Agency/Alaska Division of Geological and Geophysical 

Surveys) survey was completed in the spring of 1989 and the results explain, among 

other revelations, the conditions in Fairbanks uplands which constitute an “at risk” home. 

 

• Built high on a hill slope with bedrock consisting of Birch Creek Schist 
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• Top soil depth less than the basement excavation (eight feet or less) 

• Standard basement construction for daylight basement notched into hill 

• Oil-fired combustion heating system 

• Basement material either concrete or All-Weather Wood (AWW) 

 

The above conditions constitute an “at risk” radon home. Any house on a similar site with 

these conditions and construction styles should be tested for radon. 

 

Along with the confirmation of these radon risk characteristics, the Alaska EPA survey 

found that: 

 

With the information on at-risk sites, it is possible to pursue a strategy for mitigation. 

The conditions cited on the previous pages provide a series of options for radon 

mitigation, since elimination of any of the four characteristics will achieve mitigation. 

The two geological conditions – uranium presence and permeability – are “givens” on a 

site. Removing either condition would be expensive and unaesthetic as well as 

impractical. Therefore, the other two conditions, which are structural, leakiness and 

pressure difference, are the practical candidates for mitigation. 

 

“Interior Alaska has the highest proportion of homes with elevated radon concentrations 

as well as the individual homes with highest concentrations. In the Interior, 3% of homes 

within the sample population had screening levels higher than 20 pCi/l and 17.6% of 

homes had radon screening levels that were higher than 4 pCi/l. Figure 1 summarizes the 

responses to a request for home site geographic information which was included with the 

report of test results that was sent to participants in the survey. This figure shows that 30 

to 35% of homes built in the hills around Fairbanks have elevated radon concentrations. 

In the Fairbanks area, homes built in the hills surrounding town with concrete slabs or 

basements in contact with bedrock yielded the highest radon screening levels. These 

areas also had the highest proportion of home with basements in contact the bedrock that 

did not have elevated radon concentrations. The data shown in Figure 1 for homes 

located on hillside sites, includes homes which are built on thick accumulation of 

windblown glacial silt (loess). Thick accumulations of loess appear to be an effective 

barrier to radon movement. Homes built on alluvium from the Tanana and Chena Rivers 

are also much less at risk. High radon concentrations in homes in contact with bedrock 

are likely to result from high fracture permeability of the bedrock as well as relatively 

high uranium concentrations in the schist which comprises local bedrock. Low radon 

concentrations in homes built on loess and alluvium may reflect low soil gas 

permeability, low uranium concentrations of soils, or both.” (Nye and Kline, 1990).” 
www.uaf.edu/coop-ext/faculty/seifert/energy.html  

 

 

 

http://www.uaf.edu/coop-ext/faculty/seifert/energy.html
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Man Made Sources 

 
The Magnex Sizewell-A nuclear power station                                                                                          

Image Courtesy of John Brodrick of the greenhouse trust -Wikipedia GFDL license. 

Exposure from man-made sources results primarily from the use of radioactive isotopes 

and X-rays (X-radiation) in medicine and dentistry. Nuclear fallout (containing 

radiation) from atomic bomb testing in the 1950's and 1960's also adds to the radiation 

made by man. Some other man-made sources include televisions, glow-in-the-dark 

watches, and smoke detectors. Nuclear power production (a source of energy) also adds 

slightly to the man-made radiation we receive. (Arctic: p112) 

One of the biggest worldwide concerns about nuclear power production is nuclear 

reactors. Nuclear reactors are found aboard submarines, aircraft carriers, in nuclear 

power plants that power cities, and many other uses. Back in the 1980’s Russia had a set 

of nuclear reactors blow up (called a “meltdown”). In the process it released a huge 

amount of radionuclides into the air waves. The winds were blowing towards northern 

Europe and Scandinavia and the radionuclides fell out of the air and onto the ground in 

these regions. This radiation takes a really long time to go away, sometimes hundreds of 

years. The Saami people, who are indigenous to Scandinavia, are reindeer herders. The 

radiation fallout contaminated their subsistence sources as the main diet of reindeer is 

lichen. Some Saami villages still give their reindeer special food to get rid of radioactive 

cesium that the animals accumulate from eating contaminated lichen. (Arctic: p111)  

Another problem to add to the nuclear reactors is what can be done with the nuclear 

waste that comes from reactors? Nobody wants it dumped near them. There has also 

been a problem with Russian submarines that are powered by nuclear reactors. They sink 

them when they are done using them! So there is a high reading of radiation in the ocean 

north of the Scandinavian countries, near Russia. Once these radionuclides are released 

in the ocean, they can travel on ocean currents, which are the biggest reason the Arctic 

Ocean is showing signs of radionuclide contamination, and so are the marine mammals 

that live in it. 
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So let’s find out about nuclear reactors.                                       

 

Boiling Water Reactor 

http://www.nrc.gov/reactors/bwrs.html 

Nuclear Reactors (www.whatisnuclear.com) 

A nuclear reactor is a system that contains and controls sustained nuclear chain 

reactions. Reactors are used for generating electricity, moving aircraft carriers and 

submarines, producing medical isotopes for imaging and cancer treatment, and for 

conducting research.  

Fuel, made up of heavy atoms that split when they absorb neutrons, is placed into the 

reactor vessel (basically a large tank) along with a small neutron source. The neutrons 

start a chain reaction where each atom that splits releases more neutrons that cause other 

atoms to split. Each time an atom splits, it releases large amounts of energy in the form 

of heat. The heat is carried out of the reactor by coolant, which is most commonly just 

plain water. The coolant heats up and goes off to a turbine to spin a generator or drive 

shaft. So basically, nuclear reactors are exotic heat sources.  

Main components 

 The core of the reactor contains all of the nuclear fuel and generates all of the 

heat. It contains low-enriched uranium (<5% U-235), control systems, and 

structural materials. The core can contain hundreds of thousands of individual 

fuel pins.  

 The coolant is the material that passes through the core, transferring the heat 

from the fuel to a turbine. It could be water, heavy-water, liquid sodium, helium, 

http://www.whatisnuclear.com/
http://www.whatisnuclear.com/resources/buzzwords.html#enrichment
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or something else. In the US fleet of power reactors, water is the standard.  

 The turbine transfers the heat from the coolant to electricity, just like in a fossil-

fuel plant.  

 The containment is the structure that separates the reactor from the environment. 

These are usually dome-shaped, made of high-density, steel-reinforced concrete. 

Chernobyl did not have a containment to speak of.  

 Cooling towers are needed by some plants to dump the excess heat that cannot be 

converted to energy due to the laws of thermodynamics. These are the hyperbolic 

icons of nuclear energy. They emit only clean water vapor.” 
http://www.whatisnuclear.com/articles/nucreactor.html 

 

Natural disasters are a problem for nuclear reactors. The 2011 Tōhoku earthquake in 

Japan create a tsunami of devastating size. Of the many structures destroyed, the most 

dangerous were the nuclear reactors.  

The tsunami caused a number of nuclear accidents, mainly the level 7 meltdowns at 

three reactors in the Fukushima Daiichi Nuclear Power Plant complex, and the hundreds 

of thousands of people that had to be evacuated. Many electrical generators were taken 

down, and at least three nuclear reactors suffered explosions due to hydrogen gas that 

had built up within their outer containment buildings after cooling system failure. 

http://en.wikipedia.org/wiki/2011_Sendai,_Japan_earthquake  

What is nuclear waste? (www.whatisnuclear.com) 

 

International radioactive symbol                                                                                                                

Image courtesy of Wikimedia Commons 

“Nuclear waste is the material that nuclear fuel becomes after it is used in a reactor. It 

looks exactly like the fuel that was loaded into the reactor -- assemblies of metal rods 

enclosing stacked-up ceramic pellets. But since nuclear reactions have occurred, the 

contents aren’t quite the same. Before producing power, the fuel was mostly Uranium 

(or Thorium), oxygen, and steel. Afterwards, many Uranium atoms have split into 

various isotopes of almost all of the transition metals on your periodic table of the 

elements.  

http://www.whatisnuclear.com/articles/nucreactor.html
http://en.wikipedia.org/wiki/2011_Sendai,_Japan_earthquake
http://www.whatisnuclear.com/
http://www.whatisnuclear.com/articles/nucreactor.html
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The waste, sometimes called spent fuel, is dangerously radioactive, and remains so for 

thousands of years. When it first comes out of the reactor, it is so toxic that if you stood 

within a few meters of it while it was unshielded, you would receive a lethal radioactive 

dose within a few seconds and would die of acute radiation sickness within a few days. 

Hence all the worry about it. 

In practice, the spent fuel is never unshielded. It is kept underwater (water is an excellent 

shield) for a few years until the radiation decays to levels that can be shielded by 

concrete in large storage casks. The final disposal of this spent fuel is a hot topic, and is 

often an argument against the use of nuclear reactors. Options include deep geologic 

storage and recycling. The sun would consume it nicely if we could get into space, but 

since rockets are so unreliable, we can’t afford to risk atmospheric dispersal on lift-off.  

How much nuclear waste does nuclear energy create? 

Nuclear and electricity 

If all the electricity use of the USA was distributed evenly among its population, and all 

of it came from nuclear power, then the amount of nuclear waste each person would 

generate per year would be 39.5 grams. That's the weight of 7 U. S. quarters of waste, 

per year! A detailed description of this result can be found here. If we got all our 

electricity from coal and natural gas, expect to have over 10,000 kilograms of CO2/yr 

attributed to each person, not to mention other poisonous emissions directly to the 

biosphere (based on EIA emissions data).  

What to do with nuclear waste (recycle it!) 

Current US policy 

Nuclear waste container is transported from Nevada test site. 

Image courtesy of Wikimedia. Creative Commons Attribute 3.0 

Unported license 

http://www.whatisnuclear.com/articles/radioactivity.html
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Currently, nuclear waste created in the US is stored underwater in spent fuel pools near 

nuclear power plants. Assuming the DOE eventually licenses the Yucca Mountain 

repository in Nevada, this waste will eventually be stored deep underground. Since 

Yucca Mountain is on the Nevada test site, and since the area is geologically stable, the 

location is suitable. However, the repository is designed to a certain capacity of nuclear 

waste. If it ever opens, it will fill quickly thanks to the build-up of waste throughout the 

last few decades and another repository will need to be constructed. However, there are 

ways around this. Nuclear waste is over 90% uranium. Thus, the spent fuel (waste) still 

contains 90% usable fuel! It can be chemically processed and placed in advanced fast 

reactors (which have not been deployed on any major scale yet) to close the fuel cycle. A 

closed fuel cycle means much less nuclear waste and much more energy extracted from 

the raw ore. 

France and Japan currently recycle spent fuel with great success, although they only 

recycle one time before disposal. The US had a recycling program that was shut down 

because it created Plutonium, which is arguably the easiest material with which to make 

a nuclear weapon. Were some plutonium diverted in the recycling process, a non-nuclear 

entity could be one step close to building a bomb.  

The longest living nuclides in nuclear waste are the ones that can be used as fuel: 

plutonium and the minor actinides. If these materials are burnt in fuel through recycling, 

nuclear waste would only remain radioactive for a few hundred years, as opposed to a 

few hundred thousand. This significantly reduces concerns with long-term storage.” 
http://www.whatisnuclear.com/articles/waste.html  

 

So the best hope for nuclear waste is to reduce the radioactivity from a few thousand 

years to a few hundred years. Would you want that waste dumped somewhere near you? 

Unfortunately, the peoples of the high Arctic are eating marine mammals that have high 

levels of radionuclides in their bodies. The mammals have bioaccumulated to that level 

by consuming fish, shellfish and plants within the Arctic Ocean, which is being 

contaminated by nuclear waste: radionuclides. 

 

In the next lesson we will examine what these contaminants are doing to our traditional 

food supplies. 

 

Lesson Five Activities 
 

Activity 1: Fallout Video 
 

Objective:  

To watch the Canada Earthtones Video “Fallout” 

Resources: 

 Canada Earthtones Video “Fallout” 

http://www.whatisnuclear.com/articles/waste.html
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@ http://www.science.gc.ca/default.asp?Lang=En&n=D4359403-1 

Procedures: 

1. The teacher tells the students that they will be watching the Earthtones Fallout 

video made in Canada that explains why Health Canada Radioactive Protection 

Bureau wanted to do studies on the effects of fallout radiation on communities. 

 

2. The teacher asks the students to watch the video and answer the following 

questions in their learning logs: 

 

a. Why did the Health Canada Radioactive Protection Bureau want to do 

studies on the effects of fallout radiation on communities during the 1960s? 

 

b. Why did Health Canada want to check the caribou for radiation first? Was 

there radiation in the caribou?       

 

c. What did the Health Canada invent to test the people for radiation?  

 

d. How did people pick up radiation from the caribou? 

 

e. Was the radiation considered dangerous in terms of health effects for the 

people? 

 

3. After the students have completed the assignment, the teacher asks them how 

radiation can affect the environment in their community. 

Activity 2: Identify Parts of a Nuclear Reactor 
 

Objective:  

 

To identify the parts of a nuclear reactor 

 

Resources: 

 

 Picture of the “Boiling Water Reactor” in the Additional Teacher Resources 

Section 

 

Procedure: 

 

1. The teacher copies the picture of the “Boiling Nuclear Reactor” in the Additional 

Teacher’s Resources Section and gives it to the students. 

 

2. The teacher talks with the students about nuclear reactors, the parts that make up 

the reactor, and the function of each part. 

http://www.science.gc.ca/default.asp?Lang=En&n=D4359403-1
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3. The teacher asks the students to: 

 

a) Circle each part of the reactor: 

 

o Core 

o Coolant 

o Turbine 

o Containment (The dome shaped covering over the nuclear reactor vessel. 

Not labeled in picture) 

 

b) Explain what each part of the reactor above does 

 

Activity 3: Compare Differences in Nuclear Disasters 
 

Objective:  
 

To learn about the differences in the nuclear disasters. 

 

Resources: 

 

 BBC News World Article: Timeline Nuclear Plant Accidents          

@ http://www.bbc.co.uk/news/world-13047267 

 Learning logs 

 

Procedures: 

 

1. The teacher tells the students that they are comparing the differences in nuclear 

disasters. He asks them to go to the BBC News World Article: Timeline Nuclear 

Plant Accidents listed in the resources section. 

 

2. The teacher asks the students to look up the: 

 

a. 1986 Chernobyl Power Plant accident in Russia 

 

b. 2011 Tōhoku earthquake and tsunami 

 

3. The teacher asks the students to answer the following questions in their learning 

logs: 

 

a. What are the differences between the disasters? 

 

b. What are the differences between the types and causes of the meltdowns?  

 

4. The teacher and the students discuss the differences between the nuclear 

disasters. 

http://www.bbc.co.uk/news/world-13047267
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Activity 4: Radon Radiation Video 
 

Objective: 

To watch the “Radon Radiation (”Public Broadcasting Service video) 

Resources:  

 Public Broadcasting Service video “Radon Radiation”.                                          

@ The video is located at: http://www.science.ga.ca/default.asp?Lang=En&n= 

46379631-1  

 

Procedures: 

1. The teacher tells the students they are watching the Public Broadcasting Service 

video that talks about radon that is found in people’s homes. 

 

2. The teacher asks the students to watch the video and then answer the following 

questions in their learning logs: 

 

a. What did engineer Stanley Watress do at work in 1984?  

 

b. What happened when Stanley went to work at the nuclear power plant he 

helped bring online? 

 

c. How did Stanley decontaminate himself when he found out he had 

radiation? 

 

d. How did health physicists test Stanley’s home for radiation? 

 

e. What is radon and where is it found in people’s homes? 

 

3. The teacher and students discuss the answer to the questions. 

Activity 5: Test Your Home for Radon 

 
Objective:  

 

 To learn about home radon test kits 

 

Resources:  

 

 Three-Month Test Kits Available Through The Cooperative Extension Service 

aaa@ahttp://www.uaf.edu/ces/energy/housing_energy/publications/RadonInfoPamph

let2011.pdf 

 

http://www.science.ga.ca/default.asp?Lang=En&n=%2046379631-1
http://www.science.ga.ca/default.asp?Lang=En&n=%2046379631-1
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Procedures: 

 

1. The teacher copies off the Three-Month Test Kits Available Through The 

Cooperative Extension Service PDF and hands it out to the students. 

 

2. The teacher tells the students they will be learning about home radon test kits and 

learn how to contact the University of Alaska Cooperative Extension Service for 

a home radon test kit. 

 

3. The teacher asks the students to read the first page of the home radon test kits 

pdf. And asks them to write down how they can obtain a kit from the Cooperative 

Extension Service in their learning logs. 

 

4. The teacher and students talk about the radon home test kits and how they can 

ensure that people in the community stay healthy. 
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Lesson Six – Accessing the Risks and Benefits of Eating  

      Traditional Foods 
 

Teaching: 

 

Now that we have learned about all the contaminants that can affect our food supply, is 

our food safe to eat? There have been many studies carried out over the last years that 

have looked into that question. Reprinted below are the results from one such report. 

 

 
Public health workers help keep people safe in rural                                                                                                     

Alaska communities.                                                                                                                                                                     

Image courtesy of Alaska State Department of Epidemiology 

Environmental health – an Introduction www.grida.no/amap     
 

“Many factors contribute to health and illness in the Arctic: socioeconomic conditions, 

health services, societal and cultural factors, individual lifestyles and behaviors, and 

genetics. Contaminants enter this already complex scene, with the capacity to have 

physical, mental, and social impacts on health. For example, fear of contaminants and 

changes in traditional ways of living can affect both community social structure and 

individual mental well-being. 

 

This report focuses on the role of contaminants in people’s physical health. The major 

concerns are long-term, subtle effects, such as how contaminants might influence our 

ability to conceive and carry children, reduce our defense against diseases, affect 

children’s mental development, or increase the risk of cancer. 

 

The growing fetus and the new-born child are especially sensitive to the toxic effects of 

many persistent organic pollutants and heavy metals. Several of these substances move   

from mother to fetus via the umbilical cord and to the child via mother’s milk. The 

levels of such contaminants in the mother’s blood give an indication of the risk her child 

faces. 

 

http://www.grida.no/amap
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Contaminant Burden is high enough to Justify International Action 

 

Observations indicate that most regions of the Arctic are far from pristine. In fact, long-

range transport and biomagnification of some substances in Arctic food webs have led 

to contaminant levels in people that can be 10 to 20 times higher than in most temperate 

regions. 

 

Indigenous people who rely on traditional diets are likely to be more exposed to several 

toxic substances than the majority of people elsewhere in the world. There are no 

illnesses yet reported in the Arctic for which contaminants are known to be a direct 

cause. However, a lack of readily visible illness does not mean that the exposure of 

indigenous peoples in the Arctic is without medical consequence. Moreover, the 

exposure situation is highly complex as many stressors interact with one another. As 

described in the box on this page, it is difficult to scientifically prove the connection 

between contaminants and disease in small population groups, even when such 

connections are known to exist from studies of larger groups. For these reasons, high 

levels of contaminants in blood and tissue or subtle biochemical changes in the body 

should be taken as significant health warnings. Listening to these warning signals may 

be the only way to avoid illness from contaminants. The information to date already 

provides a strong reason to aggressively seek international agreement on the reduction 

or elimination of the manufacture and release of persistent organic pollutants and some 

toxic metals. 

 

 

 
Cadmium selenium quantum dots give off florescent light in a variety                               

of colors that are determined by their size.                                                                    

Image courtesy of NASA Wikimedia Commons Public Domain 
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Toxicology of Contaminants 

 

Several of the previous chapters describe the toxicology of contaminants in some detail. 

Often the main concerns are summarized in catch words such as ‘neurological effects’, 

‘reproductive effects’, ‘immunosuppression’, or ‘carcinogenic effects’. The following 

are short explanations of what these terms mean for human health. 

 

 
Native mercury is found with cinnabar.                                                                                                      

Image courtesy of Rob Lavinsky Creative Commons                                                                        

Attribution-Share Alike 3.0 Unimported License  

 

Neurological Effects 

 

Neurological or neurobehavioral effects of contaminants mostly concern effects on the 

brain. The brain of a fetus or a young child is rapidly growing and thus especially 

sensitive to environmental contaminants. In the context of environmental contaminants, 

the damage may be subtle, and the effects have to be studied using complex 

psychological and behavioral tests. Such tests of groups of newborns as well as older 

children can reveal a higher occurrence of slight handicaps in memory or in the ability 

to learn or to pay attention. Some studies have also looked at school performance. 

(Arctic: p172) 

 

Reproductive Effects 

 

Reproductive effects cover an array of different problems, and the connections between 

the contaminant and the effects are not always clear. A major concern is that some 

substances interfere with or mimic sex hormones. For the growing fetus, a high burden 

of such contaminants might disturb the balance that steers the development of sex 

organs. Lower sperm count, and thus reduced fertility, is one of the suspected effects on 

men. For women, the same contaminants might make it difficult to become pregnant or 

to carry a pregnancy to term. The contaminant levels at which reproductive effects may 

occur in humans are poorly understood. 
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As with all other aspects of human health, contaminants are hardly the only factor 

affecting fertility. For example, lifestyle choices such as smoking and alcohol 

consumption have well documented and profound effects on reproduction. The 

hormone-disrupting effects of contaminants may also increase or decrease the risk of 

some forms of cancer. 

 

Immunosuppression 

 

Several contaminants can damage the body’s immune system, its defense against 

disease. When the immune system is suppressed, the body is less able to fight infectious 

agents such as bacteria and viruses. Moreover, there are suggestions that 

immunosuppression is involved in an increased risk for cancer. Effects on the immune 

system are often studied by looking at subtle changes in the cells that are involved in the 

body’s defense against disease. 

 

Although it is difficult to connect the immunosuppressive effects of contaminants with 

any particular disease, they may lead to increases in the rates and duration of infections. 

 

Cancer 

 

Several contaminants can cause cancer and these are referred to as carcinogens. Some of 

them directly damage the hereditary material of cells and are called initiators. These 

initiators potentially turn normal cells into cancer cells. Others act as cancer promoters. 

Promoters do not start a cancer by themselves but enhance the risk that cells that have 

been initiated will grow into tumors. Most of the findings concerning carcinogens come 

from studies in animals. 

 

 

 
Guidelines for safely eating fish in Alaska                                                                                                                

Image courtesy of State of Alaska Epidemiology  
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Tolerable Daily Intakes Include a Safety Factor 

 

Most of the knowledge about toxic effects of contaminants comes from laboratory 

studies where animals are fed high doses of a single substance. There are also some 

epidemiological studies of people who have been exposed to high doses of a single 

compound at work or following accidents. In the environment, the situation is quite 

different. People are exposed to a mixture of many different compounds at the same 

time, often at low levels and over their whole lives. In spite of the difficulties in 

translating current knowledge about toxic effects into public health advice, there have 

been several attempts to define exposure levels below which people should not have to 

be concerned about health effects. 

 

One example is tolerable daily intake (TDI). Differences between humans and    

experimental animals and between the different exposure situations are sources of 

uncertainty in estimating health effects of contaminants on humans. Therefore, tolerable 

daily intake figures for people usually include substantial safety factors. For example, if 

the highest daily exposure that is known not to cause effects in animals is 100 

micrograms of a substance per kilogram body weight, a safety factor of 100 would make 

the tolerable daily intake for humans 1 microgram per kilogram body weight.  

 

The greater the uncertainty in the toxicology, the larger the safety factor. The safety 

factor is an attempt to account for the unknown, and as such it might exaggerate the 

perceived risk. Nevertheless, when the intake of contaminants in food exceeds tolerable 

daily intakes or other similar ‘action levels’, it is a warning that health effects cannot be 

ruled out and that the situation has to be examined more closely. (Arctic: p173) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Marine mammals such as whales are rich in 

polyunsaturated fats.                                                   

Image Courtesy of Alaska Photo Library 
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Health Benefits of Traditional Food 

 

While this report focuses on contaminants in the circumpolar region, it is important to 

remember the benefits that traditional diets provide. The most striking example is that 

marine mammals and fish are rich in polyunsaturated fatty acids. In both Greenland and 

Canada, a diet high in these fatty acids has been associated with lower risk for heart 

disease. 

 

Among Inuit living in Greenland and on the shore of Hudson Bay in Canada, death from 

heart disease is uncommon. Marine foods, especially whale skin, are also rich in 

selenium. This is important because selenium may reduce the toxic effects of metallic 

compounds such as arsenic, cadmium, mercury, and lead. Selenium is especially 

important in the body’s antioxidant defense and may protect against cancer and possibly 

against heart disease While some selenium in the diet is good, high selenium intake 

may, in some cases, cause negative health effects. For some Arctic populations, 

especially in northern Greenland, the local diet contains very high amounts of selenium, 

which has raised concern that the selenium could become toxic. However, there are no 

signs of chronic selenium poisoning among Greenlanders. This might be because the 

selenium is bound in animal proteins in the food. 

 

 
Women filleting Salmon in Nunivak Island.                                                                                                                

Photo courtesy of United States Fish and Wildlife Image Library 

 

The traditional diet of all Arctic groups is high in animal foods, which are rich sources 

of protein as well as many vitamins and essential elements. For example, a study in 

Canada showed that Inuit and Dene/Métis get most of their protein from traditional 

foods and more than adequate amounts of iron, zinc, vitamins D and E, and several of 

the B-vitamins. High levels of vitamin A are found in animal liver and blubber. 

Traditional foods also provide a substantial portion of peoples’ energy requirements. For 

example, they account for 47 percent of the daily requirement for people along Hudson 

Bay, 29 percent on Baffin Island, and 19 percent in central Arctic Canada. Traditional 

diets are low in a few essential substances, providing barely enough to meet nutritional 
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requirements. They include calcium, vitamin C, and vitamin B6. People who depend 

mostly on land-based mammals rather than marine mammals may have marginal deficits 

of selenium in the diet. However, there have been no documented overt deficiencies of 

individual vitamins or minerals in the traditional diets of Arctic people. 

 

In general, traditional diets provide a strong nutritional base for the health of Arctic 

peoples. Market foods from outside the Arctic often have less protein and iron, but more 

fat and carbohydrates. Moreover, changes in food habits are often accompanied by 

tendencies to a more sedentary life style, in which people spend less time hunting. 

Therefore, a move away from traditional foods could contribute to poor health, and 

specifically to a higher risk of diabetes and cardiovascular diseases.” (Arctic: pp172-

174) 

 

Alaska 

 

Specific reports that focus on just Alaska are a bit more positive. Since we live in the 

Interior of Alaska, contaminants in marine mammals do not affect us. But this is what 

the State of Alaska found in a report published in 1998. It is reprinted below. 

 

Bulletin No. 6 

 

February 19, 1998 

The Use of Traditional Foods in a Healthy Diet in Alaska:  

Risks in Perspective  
http://www.epi.hss.state.ak.us/bulletins/docs/b1998_06.htm 

 

“The Alaska Division of Public Health recommends the continued unrestricted 

consumption of traditional subsistence foods in Alaska. Traditional foods provide 

inexpensive and readily available nutrients, essential fatty acids, antioxidants, calories 

and protein and many health benefits such as protection from diabetes, cardiovascular 

disease, improved maternal nutrition, and neonatal and infant brain development.  

 

Presence of heavy metals and persistent, man-made chemicals in the arctic food chain 

generated concerns about the potential threat to the ecosystem and risk to human health. 

The global distribution of man-made pollutants through atmospheric transport is well 

documented; human exposures to them in the arctic occur primarily through the 

subsistence diet. Global policies to minimize the entry of anthropogenic pollutants into 

the environment and food chain should be pursued.  

 

The subsistence lifestyle and diet are of great importance to the self-definition, self-

determination, cultural and socio-economic, and overall health and well-being of 

indigenous peoples. At the Tenth International Congress on Circumpolar Health in May 

1996, elders called for a balanced approach to evaluating the possible risks and 

weighing the benefits of subsistence foods to ensure the preservation of their cultural 

identify and total health and well-being. Elders also expressed that the fear associated 

with the contaminants may cause greater harm than the actual presence of the 

http://www.epi.hss.state.ak.us/bulletins/docs/b1998_06.htm
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contaminants themselves and that health warnings regarding food consumption should 

only be made when there is strong evidence that the risks outweigh the benefits.  

 

Severely limiting the consumption of traditional foods may result in harm by reducing 

the consumption of food that has health benefits and by increasing the consumption of 

foods that have potential health risks. While risk assessments may be valuable in 

regulating industrial emissions or in establishing site-specific clean up levels, food 

consumption advice should occur within a broader public health context that includes 

consideration of both risks and benefits. 

  

The Alaska Division of Public Health bases its recommendations on a thorough 

evaluation of existing scientific evidence about the potential risks from exposure to 

naturally occurring and anthropogenic heavy metals and anthropogenic persistent 

organic chemicals as well as consideration of the uncertainties in risk, the potential 

health benefits from consumption of traditional foods, the competing risks associated 

with other food sources, the potential medical impact of dietary and lifestyle changes on 

a population, and the social and economic ramifications of restricting traditional food 

consumption. http://www.epi.hss.state.ak.us/bulletins/docs/b1998_06.htm  

 

POPS 

 

“The potential risks associated with POP exposure through subsistence food 

consumption are smaller than the risks associated with a decreased use of traditional 

foods, or the risks associated with many other aspects of Alaskan life. A decreased 

reliance on traditional foods would have a negative net effect on human health in native 

Alaskan communities. Traditional foods have important nutritional benefits as well as 

cultural and economic benefits. The Division of Public Health strongly encourages the 

continued unrestricted consumption of traditional foods.” 
http://www.epi.hss.state.ak.us/bulletins/docs/rr2004_08.pdf  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

AK Statewide Maternal Hair Biomonitoring Program                     

Image courtesy of Alaska State Department of 

Epidemiology 

http://www.epi.hss.state.ak.us/bulletins/docs/b1998_06.htm
http://www.epi.hss.state.ak.us/bulletins/docs/rr2004_08.pdf
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Mercury  

 

“In 2001, the Alaska Division of Public Health (ADPH) convened an advisory group of 

public health officials, research scientists, and Native health leaders to review all 

available information concerning mercury exposure in Alaska. Because of the heavy 

consumption of fish and marine mammals in Alaska, several initiatives were begun to 

increase fish and human biomonitoring.  

 

The Alaska Division of Public Health continues to recommend that all Alaskans, 

including pregnant women, women who are breast feeding, women of childbearing age, 

and young children continue unrestricted consumption of fish and marine mammals 

from Alaskan waters as part of a balanced diet. The ADPH is continuing efforts to 

expand human biomonitoring for methylmercury and persistent organic pollutants to 

monitor trends and provide evidence to support dietary recommendations.” 
http://www.epi.hss.state.ak.us/bulletins/docs/rr2004_11.pdf 

 

Radionuclides www.grida.no/amap  
 

There has not been a study done on the presence of radionuclides in our land and waters. 

For those who subsist on marine mammals in the Arctic Ocean, there is as good a 

chance to consume radionuclides as peoples from other nations that border the Arctic 

Ocean.  

 

For all peoples, “The main concern for public health is that chronic exposure to natural 

and anthropogenic radionuclides will lead to an increased risk of cancer. In regulating 

nuclear activities, the dose limit for public exposure to anthropogenic radionuclides is 1 

millisievert per year, which corresponds to an estimated increased risk for fatal cancer of 

one in 20,000. 

 

Anthropogenic Radionuclides are declining 

 

The levels of human exposure to anthropogenic radionuclides in the Arctic have 

declined since the cessation of above-ground tests of nuclear bombs. However, because 

of the accumulation of some radionuclides in Arctic food chains, the exposure is 

generally higher in the Arctic than for populations in northern temperate latitudes. 

 

Radiocesium is the most important anthropogenic radionuclide from a human-health 

perspective. In biological systems, radiocesium behaves in a manner similar to 

potassium, which is an essential nutrient. The cesium is almost completely absorbed by 

the intestines and becomes distributed throughout the body. It is cleared from the body 

with a biological half-life of two to three months. The major biological pathways are 

lichen to caribou/reindeer to humans, and freshwater to fish to humans. Virtually all the 

cumulative radiocesium dose has already been received. Unless there are new major 

inputs from accidents or from new atmospheric bomb testing in spite of international 

bans, the impact on future generations will be minimal. 

http://www.epi.hss.state.ak.us/bulletins/docs/rr2004_11.pdf
http://www.grida.no/amap
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Strontium-90 is chemically similar to calcium and becomes integrated in the bone. It is 

concentrated in the food chain from grass to cows to milk to humans. The impact on 

Arctic people is no greater that on other population groups. The doses are much smaller 

than for radiocesium, 0.1 to 0.4 millisieverts, with 4 millisieverts as the highest dose in 

selected groups. (Arctic: p179) 

 

Natural Isotopes contribute most to Lifetime Exposure 

 

Two natural radioactive isotopes, lead-210 and polonium-210, make a greater 

contribution to present-day exposure of Arctic populations than all the anthropogenic 

radionuclides combined. They become airborne as a result of the decay of radon gas 

seeping from the soil. The isotopes are transported via the air and accumulate in the 

lichen-caribou/reindeer human food chain. Some Canadian studies have estimated doses 

of up to 10 millisieverts per year for Arctic residents. Since these natural isotopes are 

ubiquitous in the environment, these doses have probably remained the same for the 

10,000 to 20,000 years that people have lived in the Arctic.” (Arctic: p180) 

 

In Conclusion 

 

Traditional foods have known nutritional value and there is as yet little scientific 

evidence directly linking effects in adults to the levels of exposure that have been 

observed in the Arctic. Therefore it is not always clear what public health measures 

should be taken to reduce the exposure of populations who rely on traditional foods.” 

(Arctic: p186) 

 

But in Alaska we know that the State of Alaska Department of Epidemiology has 

publically stated, more than once, that the benefits of eating traditional foods far 

outweigh the risks. We are also told that levels of many of the man-made POPS and 

radionuclides are decreasing around the globe. That is good news! 

 

The more we eat our traditional foods, we will consume: less calories; less saturated 

fats; more iron; more zinc; more vitamin A; more calcium; and will strengthen our 

culture and well-being! It will get us out of our homes and outside; hunting, fishing, 

gathering, and trapping. It benefits all of us! 

 

Activities 
 

Traditional Foods and Contaminants Class Project (Community 

Survey) 

 

Activity 1- International Polar Year-Inuit Health Study  

Objective:  

To watch International Polar Year-Inuit Health Study (Public Broadcasting Service) 
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Resources: 

 International Polar Year-Inuit Health Study  

@ahttp://www.science.gc.ca/default.asp?lang=en&n=3CF6261-1 

 Learning logs 

Procedures: 

The teacher tells the students that they are going to be watching the International Polar 

Year-Inuit Health Study Video that talks about the health survey Canadian Scientists and 

their Inuit partners took in 36 Arctic communities. 

 

1. The students watch the video and answer the following questions in their learning 

logs: 

 

a. Why did Canadian Scientists and their Inuit partners survey the health of 

36 Arctic communities? 

 

b. What was the name of the survey? What does it mean?  

 

c. What kind of data did the research team collect? Who gathered the data? 

 

d. What will the researchers and community members do with the results of 

the survey? 

 

e. Who did the research team take the data for?  

 

2. After the students have completed the assignment, the teacher tells them that they  

will be working with the Community Health Aide to survey the traditional foods 

people eat in their community. 

 

Activity 2: Design a Traditional Foods Survey for the Community 

Objective:  

To design a traditional foods survey to determine what subsistence resources people are 

eating in the community 

Resources:  

 Community Health Aide 

 Computer to develop the survey 

 Printer to make copies of the survey 
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1. The teacher contacts the Community Health Aide (CHA) and invites her to class 

to help the students develop a Traditional Foods Survey to determine which 

subsistence foods the people are eating in the community. 

 

2. The students brainstorm questions to ask the CHA. For example: 

 

 What is a health survey? 

 What traditional foods should be included in the survey? 

 What are the steps involved with developing a survey? 

 

3. The CHA talks with the students about the Traditional Foods Survey for the 

community.  

 

4. She helps the students develop a Traditional Foods Survey to determine which 

subsistence foods the people are eating in the community.                                                                                                   

 

5. The CHA talks with the students about the proper protocols involved with taking 

a survey (participation in the survey is voluntary, confidentiality issues, etc.) 

Activity 3- Take the Traditional Foods Survey in the Community 

Objective: 

To take the Traditional Foods Survey in the community to learn what subsistence foods 

the people are eating in the community    

Resources:    

 Traditional Foods Survey 

 List of people that will be surveyed 

 Survey teams 

Procedures:  

1. The teacher works with the students to develop the list of people that they would 

like to survey: 

 

a. Parents and family members 

b. Elders 

c. Community members 

 

2. The teacher works with the students to help them practice taking the surveys. He 

divides the students into teams. One student takes the survey and the other student 

answers the questions.  

 

3. Students work with parents and family members who would like to complete the 

survey at home. 
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4. The teacher works with the students to take the surveys with Elders and other 

community members who would like to participate in it.  

                       a 

5. When the students are finished taking the surveys, they bring them back to school 

where they will work on compiling the results. 

Activity 4: Compile the Results of the Traditional Foods Survey  

1. The teacher works with the students to compile the results of the survey. 

 

2. The teacher works with the students to figure out what questions can be answered 

by putting the survey data they have gathered into tables. For example: 

 

 How many people eat moose in the community?  

 How many people eat moose year round? 

 How many times do people eat moose during the week? 

 

3. The students put the results in tables so they can answer the questions. 

 

4. The teacher works with the students to help them create graphs from the data that 

will help them further analyze the survey results. Examples of questions the 

graphs can help answer include:  

5.  

 Do people eat more traditional foods in the summer or the winter? 

 How many people in the community eat moose as compared to fish? 

 Do Elders, adults, or children eat the most moose? 

 

6. The students discuss the results and draw conclusions about the data that they 

have collected from the survey after looking at the table and the graphs that they 

have developed.   

Activity 5- Write a Science Paper or Develop a PowerPoint Presentation 

of the Survey Results 

1. The teacher explains to the students that it is important to write up the results of 

the survey so that they can share it with others. 

 

2. He divides the students into groups and asks them to write up a science paper or 

develop a PowerPoint presentation that will explain the Traditional Foods Survey 

and the results that they found.   

 

3. The teacher asks the students to include the following in the paper: 

 

a. Introduction to the Project 

b. Map of the community  
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c. Survey Methods 

d. Results 

e. Discussion 

f. Credits 

 

4. The teacher works with the students to develop the science papers and the 

PowerPoint presentations. 

5. The groups present the science papers and the PowerPoint presentations they have 

developed with the class. 

Traditional Foods and Contaminants Class Project (Community 

Fieldwork Project)  

Activity 6: Arctic Caribou and Moose Contaminant Program  

Objective:  

 To watch the “Arctic Caribou and Moose Contaminant Program” (Northern 

Contaminants Program Video) 

Resources: 

“Arctic Caribou and Moose Contaminant Program” (Northern Contaminants Program 

Video) @ahttp://www.youtube.com/watch?v=EMspKdHJ_iI 

Procedures: 

1. The teacher tells the students that they will be watching the “Arctic Caribou and 

Moose Contaminant Program” that talks about the importance of the Caribou to 

the Gwich’in Nation and how hunters can monitor the Caribou for contaminants 

to make sure the animals remain healthy. 

 

2. The students to watch the video and answer the following questions in their 

learning logs: 

 

a. What is the purpose of the Northern Contaminants Program in Canada?  

 

b. Why are the Caribou important to the people?              

                

c. People collect samples for the contaminants from the liver, kidney, teeth, and 

muscles. Describe how you take the samples for each one: 

1. Liver 

2. Kidney 

3. Teeth 

4. Muscle 

http://www.youtube.com/watch?v=EMspKdHJ_iI
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d. Name two ways the contaminant samples are stored. 

 

e. How can researchers determine when a new contaminant actually started 

appearing in the north? 

 

3. After the students have completed the assignment, the teacher asks them how they 

would take the moose samples during hunting season.   

 

Activity 7: Alaska Native Teens Help Researchers  

Objective:  

 To watch the “Alaska Native Teens Help Researchers” video (Public 

Broadcasting Service) 

Resources: 

 “Alaska Native Teens Help Researchers” video (Public Broadcasting Service) 

 

@ahttp://www.pbs.learningmedia.org/resource/ean08.sci.ess.watcyc.teens/alas

ka-native-teens-help-researchers/  

Procedures: 

1. The teacher explains that the “Alaska Native Teens Help Researchers” video 

describes how students living in Council, Alaska help scientists with climate 

change research in their community.  

 

2. The students answer the following questions in their learning logs after they have 

watched the video:  

 

a. Why did scientists choose to do research in Council Alaska, on the Seward 

Peninsula? 

 

b. Why are the students in Council, Alaska interested in participating in 

scientific research on the tundra? 

 

c. What did village Elders teach Cheryl Johnson? 

 

d. Describe the scientific research that Cheryl Johnson is doing in the field?  

 

e. How do scientists hope to help the people in Council, Alaska with their    

    research?  

                              

3. After the students have completed the assignment, the teacher tells the students 

that they are going to be helping scientists with baseline metals research in their 

community. 
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Activity 8- Research the Baseline Metals in Traditional Foods  

Objective: 

To research baseline metals in traditional foods in the region   

Resources:    

 Previous research on heavy metals in traditional foods in the region 

 Hunters and fishers in the community who bring fish and game samples in to be 

tested 

  Scientists who work for government agencies that can both talk with students and 

let them assist with a baseline metals monitoring project for traditional foods  

Procedures:  

1. The teacher tells the students that they are going to research baseline data on 

metals in traditional foods. He explains they are researching the data now so that 

it can be compared to future data if mining and development comes to the area. 

 

2. The teacher works with the students to decide how the class will research the 

baseline data. The class can do this by: 

 

a. Examining previous research on heavy metals in traditional foods in the 

region  

b. Interviewing hunters and fishers in the community who bring fish and game     

    samples in to be tested   

     a 

b. Assisting hunters and fishers who are collecting baseline metals samples 

from the fish and game they have caught for scientists 

 

c. Talking with researchers who are monitoring heavy metals in traditional 

foods in the area                 

     

d. Assisting researchers who are collecting the baseline samples from the fish 

and game in the area                                 

                                                              

3. When the students are finished the research, they bring the findings back to school 

where they will work on compiling the results. 
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Activity 9: Compile the Results of the Baseline Metals Research  

1. The teacher works with the students to compile the results of the baseline 

contaminants research. 

 

2. He helps the students to figure out what questions can be answered by putting the 

baseline contaminants data they have gathered into tables. For example: 

 

 What baseline metals samples were taken for the moose?  

 When were the baseline metals samples taken for the moose? 

 Where were the baseline metals samples taken for the moose? 

 

3. The students put the results in tables in so they can answer the questions. 

 

4. The teacher works with the students to help them create graphs from the data that 

will help them further analyze the baseline metals results. Examples of questions 

the graphs can help answer include: 

5.  

 What is the range of baseline metals levels for moose? 

 Has the baseline level of metals increased, decreased, or stayed the 

same over time? 

 How do the baseline metals levels in moose living in one area compare 

to those living in another?  

 

6. The students discuss the results and draw conclusions about the data that they 

have collected during the baseline metals research.  

Activity 10: Compare the Baseline Metals Results with the State of 

Alaska Tolerable Daily Intake Limits for Traditional Foods 

1. The teacher invites the Community Health Aide to work with the class so they can 

compare the baseline contaminants results with the State of Alaska Tolerable 

Daily Intake Limits for Traditional Foods. 

 

2. The students brainstorm questions to ask the CHA. For example:  

3.  

 What is a tolerable daily intake limit (TDIL)? 

 What are the TDIL’s for salmon in Alaska? 

 What are the TDIL’s for caribou and moose in Alaska? 

 

4. The CHA talks with the students about TDIL’s and what they are for the 

traditional foods that people eat in Alaska. 
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5. She works with the students to help them compare the baseline contaminants 

results with the State of Alaska Tolerable Daily Intake Limits for Traditional 

Foods.              

             A 

6. The CHA explains to the students how to balance the benefits and risks when 

eating traditional foods. 

Activity 11 - Write a Science Paper or Develop a PowerPoint of the 

Baseline Metals Research  

1. The teacher explains to the students that it is important to write up the results of 

the baseline contaminants research so that they can share it with others. 

 

2. He divides the students into groups and asks them to write up a science paper or 

develop a PowerPoint that will explain the baseline contaminants results they 

found.   

                                                 a 

3. The teacher asks the students to include the following in the paper: 

 

a. Introduction to the Project 

b. Map of the community  

c. Survey Methods 

d. Results 

e. Discussion 

f. Credits 

4. The teacher works with the students to develop the science papers and the 

PowerPoints presentations. 

 

5. The groups present the science papers and the PowerPoints presentations. 

 

 

 

 

 

 

 

 


