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Lesson One:
UP THE FOOD CHAIN
  

In the Quicksilver Question Web Module, students learn how mercury moves up 
through aquatic food chains. 

In this lesson, students play two simulation games to understand how biomagnification 
and bioaccumulation of mercury can affect aquatic ecosystems—and harm people. 
Both games require either an outdoor playing field or a gymnasium with room for 
students to run.

This lesson addresses the following New Mexico State Education Standards in Science for 
grades 5-8.

• Science Strand II. Standard II (Life Science). Benchmark I - Explain the diverse 
structures and functions of living things and the complex relationships between 
living things and their environments. 

As the students learned in the Quicksilver Question Web Module, some common 
fish species can have high levels of mercury. Of the four fish species in Golden Lake, 
Smallmouth Bass and Yellow Perch had an average mercury concentration that was 
above the recommended limit of 0.15 ppm. When people consume fish that are high 
in mercury, they can suffer from mercury poisoning. Young children under six years 
old, pregnant women and women of childbearing age are especially susceptible to 

the dangerous effects of mercury. 
The Department of Health for each 
state issues health advisories 
concerning different species of fish 
from different aquatic environments. 
For example, in a polluted bay, the 
bottom fish may have high mercury 
content, but other fish species may 
be safe to eat. 

In an aquatic ecosystem, mercury passes up through the food chain to the predatory 
fish. Therefore, predatory fish often have higher levels of mercury and are included 
in state and federal fish advisories. Some saltwater fish that are regularly included in 
advisories include swordfish, shark, king mackerel, tilefish and tuna (both fresh and 
frozen steaks and canned). Mercury is stored in the flesh of the fish, not the fat, so it 
cannot be trimmed away before eating.

Canned tuna on average has relatively high levels of mercury. Therefore, the U.S. 
Environmental Protection Agency (EPA), the Food and Drug Adminstration (FDA), the 
Centers for Disease Control and Prevention (CDC), and individual states’ Departments 
of Health (DOH) have all issued warnings about canned tuna consumption by young 
children, pregnant women and women of childbearing age. All of the agencies agree 
that eating fish is a healthy part of a balanced diet, however certain people should limit 
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their intake of specific fish, including canned tuna. For example, it is recommended 
that pregnant women should eat no more than one can of tuna per week, and young 
children should eat even less.

When mercury is ingested, it first enters the 
bloodstream and then is deposited in organ 
tissues like the brain and kidneys. Unlike 
DDT or PCBs, mercury is not stored in fat, 
but accumulates within the central nervous 
system and other organs. People excrete 
mercury through the feces; however it is a 
very slow process. If the dose received is 
greater than the amount the body is able 
to excrete, then the mercury can build up 
in the organs.  Mercury may cause learning disorders and neurological damage. In 
2000, the Centers for Disease Control and Prevention (CDC) suggested that up to 
ten percent of American women may have potentially hazardous levels of mercury in 
their bodies.

The following games introduce students to the processes of biomagnification and 
bioaccumulation. Biomagnification is the process whereby an animal eats 
another animal or plant, consuming the contaminants stored in the prey organism. 
The contaminants then magnify up the food chain, with the animals at the top levels 
suffering from the most contamination. Bioaccumulation is the natural process of 
growth that involves consuming nutrients. If an animal’s food source is contaminated, 
then that animal will build up more of the contaminate in their body over time. An older 
animal, therefore, will have more of the contaminate stored in its body than a young 
animal. Mercury passes up through the food chain through both of these processes.

For a more in-depth understanding of mercury and fish consumption, consult the 
following resources that were used to prepare this lesson:

• Environmental Protection Agency (EPA) Fish Consumption Advice
 Fact sheets with advice on how to protect your family from mercury contamination 

from fish and seafood.
 http://www.epa.gov/waterscience/fish/advisory.html

• Commonplace Mercury Earns Bad Reputation
 “Mercury Rises as Health Concern,” in the Spring/Summer 2003 issue of 

Northwest Public Health. 
 http://healthlinks.washington.edu/nwcphp/nph/s2003/

• National Wildlife Federation’s Toxic Gobble Game
 An online game your students can play to help them understand 

biomagnification.
 http://www.nwf.org/nationalwildlifeweek/games/bio_swf.html
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Procedure

Teacher 
Preparation

Materials: (for entire class) 
• A large outdoor playing field or a gymnasium. 
•  Some kind of token, such as poker chips. About 1/3 of the tokens 

should be marked with an “Hg” for mercury contamination. You will 
need more tokens than you have students.

•  One plastic baggie or paper bag for each student. This represents their 
stomachs.

•  Color-coded bandanas, sashes or armbands for each group to wear.

The Biomagnification Game
Biomagnification: the process whereby an animal eats another animal or plant, 
consuming the contaminants stored in the prey organism. The contaminants then 
magnify up the food chain, with the animals at the top levels suffering from the most 
contamination.

• Introduce the concept of biomagnification. Tell your students that they will play 
a fast paced game to help them understand this concept

• Divide the students into three groups: Smallmouth Bass, Insects and Algae. 
You will want approximately three times as many Algae as Insects and three 
times as many Insects as Bass. For example, in a class of 26 students, you will 
have 2 Bass, 6 Insects and 18 Algae. Give each student a small plastic baggie 
or paper bag and a color-coded bandana to wear.

•.  Scatter the tokens randomly across the playing field. The playing field represents 
a lake.

•  First, allow the Algae to gather as many tokens as they can 
in 30 seconds. The tokens must be placed in the bag (their 
stomach) to count.

•.  Next, allow the Insects to enter the playing field. It is the Insect’s 
goal to chase and tag the Algae. When an Insect tags an Algae, 
the Algae must empty the tokens from their bag into the Insect’s 
bag. The Algae then must sit on the sidelines. 

•  After a short amount of time (depending on the size of the field 
and the size of your group), allow the Bass to enter the field, 
hunting for the Insects. When a Bass tags an Insect, the Insect 
must empty their tokens into the Bass’ bag. The Insect then 
must sit on the sidelines.

•  After a set amount of time, stop the game. Gather the group to discuss what 
happened. Take a vote to find out how many of the Algae and Insects were 
caught and eaten. Of the Algae and Insects that are still alive, have them count 
the total number of tokens in their stomach bags. Then, tell them to look at their 
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tokens again and see if any of them have an “Hg” marked on them. The “Hg” 
represents a food source that has been contaminated with mercury. Have 
each person count his or her total number of contaminated tokens. Do the 
same thing for the Smallmouth Bass.

•  Record the results on a large piece of chart paper. Things you may want to 
record and discuss:

• Number of Algae that were eaten and number that still remain alive.
• Number of Insects that were eaten and number that still remain alive.
• Of each living Algae, how many tokens do they have total? How many 

are contaminated with mercury? What percentage of their food is 
contaminated?

• Of each living Insect, how many tokens do they have total? How many 
are contaminated with mercury? What percentage of their food is 
contaminated?

• Of each Smallmouth Bass, how many tokens do they have total? How 
many are contaminated with mercury? What percentage of their food is 
contaminated?

The Bioaccumulation Game
Bioaccumulation: the natural process of growth that involves consuming nutrients. 
If an animal’s food source is contaminated, then that animal will build up more of the 
contaminate in their body over time. An older animal, therefore, will have more of the 
contaminate stored in its body than a young animal.

• Introduce the concept of bioaccumulation. Tell your students that they will play a 
version of tag to help them understand this concept.

• First, choose some boundaries on the play field where the game will be held. 
This field represents a lake brimming with fish. 

• Next, choose 4-8 students to be “Humans.” The rest of the students will be 
“Fish.” Each student who is a Fish gets five tokens. Makes sure to hand out both 
blank tokens and tokens marked with a “Hg.” Hand out a color-coded bandana 
to every Fish.

• Choose one or two students to represent each of the age classes of humans: 
Senior Citizen, Healthy Adult, Teenager and Baby. Each Human will have a 
different amount of time to try to catch fish. This represents the age of the 
human; a baby eats less fish overall than a senior citizen does.

Fish = 5 tokens each
Senior Citizen = 3 minutes
Healthy Adult = 2 minutes
Teenager = 1 minute
Baby = 30 seconds

• To play the game, allow the Fish to spread out across the playing field. Then, send 
out the one or two students playing Senior Citizens. The Senior Citizens have 
three minutes to try to catch and consume as much fish as possible. When a 
Human tags a Fish, the Fish must give up one of their tokens to the Human. 
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• After the three minutes are up, ask the Senior Citizens to step to the sideline. 
Then, send in the Healthy Adults for two minutes. Next, the Teenagers for 
one minute. The Babies only have 30 seconds to try to catch some fish. 

• After all of the Humans have had their chance, gather the group of students 
together. Ask each of the Humans to share the number of Fish (tokens) they were 
able to catch and how many of those were marked with an “Hg” to show that they 
were contaminated with mercury. Record these results on a large piece of chart 
paper, creating a bar graph that shows the relationship between age and amount 
of contamination.

• It is important to allow time to have a follow-up discussion that links the game to 
a broader discussion about health advisories concerning mercury in fish. Some 
possible discussion questions follow:

• What is the relationship between age and the amount of contamination?

The older an organisms is, the longer it has had for toxicants to build up 
in its body. This is related to the concept of bioaccumulation.

• If a baby has only a small amount of  a toxicant in its 
body, can that still be dangerous? How does this 
relate to dose?

Even if a baby or small child has a small dose of 
a toxicant, it can still be dangerous. For one thing, 
the baby has a smaller body size, so a small 
amount of toxicant can have a big impact. Also, 
babies and small children are still growing and 
developing, so their organs are impacted more 
from some toxicants than a full grown adult.

• Why are there different advisories for children and pregnant women compared 
to adults when it comes to mercury in fish?

Fetuses, babies, and small children all have organs that are still 
developing. Therefore, mercury can have a bigger impact on their 
organs than those of a full grown adult. Also, they have small body 
sizes, so it doesn’t take as much mercury to harm them as it would in 
a full grown adult.

  

  Both games are adapted from food chain games that are widely available in print and internet  
 sources. It is difficult to ascertain the original source of the games.
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Lesson Two:
Mercury Rising
  

In the Quicksilver Question Web Module, students learn that old fever thermometers 
are one source of mercury contamination in the environment.

Students learn how both old mercury and new alcohol thermometers work. Then they 
build their own water thermometer, which models how mercury works in a thermometer. 
Students can calibrate their water thermometers and/or create a graph that shows 
temperatures changes throughout the day. Students also learn about non-toxic 
alternatives and how to dispose of a broken mercury thermometer.

This lesson addresses the following New Mexico State Education Standards for grades 
5-8.

• Science Strand I. Standard I. Benchmark I – Use scientific methods to develop 
questions, design and conduct experiments using appropriate technologies, 
analyze and evaluate results, make predictions, and communicate findings. 

• Science Strand II. Standard I (Physical Science). Benchmark I – Understand 
the structure and properties of matter, the characteristics of energy, and the 
interactions between matter and energy. 

•  Science Strand III. Standard I. Benchmark I – Explain how scientific 
discoveries and inventions have changed individuals and societies. 

• A lesson plan on Bulb Thermometers can be found on the following  website. 
This lesson plan provides instructions on building a water thermometer in a 
glass jar. This lesson plan is the property of  How Stuff Works, Inc.

 http://www.howstuffworks.com/therm.htm

• Instructions on how to build a thermometer in a clear plastic film 
canister are available from the following website. Look under “Science,” 

“Fourth Grade” and then for the lesson plan “Temperature.” The lesson 
plan is posted on the Utah Education Network website and authored 
by Hislop and Edwards.

 http://www.uen.org/curriculum/html/corelessonplans.html

• The Environmental Protection Agency (EPA) provides information on 
Mercury Fever Thermometers on their website. This information 
is property of the Great Lakes Toxics Reduction Program of the U.S 
Environmental Protection Agency.

 http://www.epa.gov/glnpo/bnsdocs/hg/thermfaq.html




