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AUTHOR’S NOTE

M

ost teachers are overwhelmed with the amount of content material they are expected to cover in the course of
the school year. However, they are also often looking for ways to help students address topical issues using
outside resources.

Toxicology Enrichment Materials are designed for high school biology, chemistry and physiology teachers. The series
contains fact sheets on toxicology, introductory exercises to familiarize students with the study of toxicology and student
assignments addressing specific issues in toxicology. The assignments are designed to enrich typical course curricula and
give students practice using information from both library and internet sources.
These materials are intended to enhance the content areas already being covered by introducing topics of timely,
dramatic or historical interest. Some suggestions for using these materials include make-up or extra-credit assignments,
enrichment assignments, library assignments, substitute assignments or regular class assignments. The materials are
independent, so that they can be used in any sequence. I hope you find them useful!
Suzanne Conklin

Did you use these materials?
I’d like to hear from you!
Send questions, comments, ideas, suggestions and/or copies of student work to:

Suzanne Conklin
Biology Department
Rhode Island College
Providence, RI 02908
sconklin@ric.edu
Phone (401) 456-9594
Fax (401) 456-9620
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TOXICOLOGY TERMS
Bioaccumulate
The increased concentration of harmful substances in tissues of organisms higher up the food chain

Biotransformation
The sum of the processes by which a xenobiotic is subjected to chemical change by living organisms

Carcinogen
Any substance that causes cancer

Mutagen
Any substance that causes DNA damage, ranging from changes in one or a few base pairs to gross changes in
chromosome structure or number

Pollutant
A substance present in greater than natural concentration as a result of human activity and having a net detrimental effect
on its environment

Risk
Probability a substance will cause harm under specific conditions of use, i.e., hazard

Teratogen
Any substance that causes fetal malformations (birth defects)

Toxic substance
(regulatory term) Any substance that can cause acute or chronic injury to the human body or is suspected to do so;
U.S. National Institute of Occupational Safety and Health publishes a list of toxic substances

Toxicant
Any agent capable of producing a deleterious response in a biological system

Toxicologist
A scientist specially trained to examine the nature of these adverse effects and to assess the probability of their occurrence

Toxicology
The study of the adverse effects of chemicals on living organisms

Toxicosis
A diseased condition resulting from poisoning

Toxigenic
An organism producing toxins or poisons

Toxin
A poisonous substance of natural origin (plant, animal, bacterial, fungal)

Toxoid
A toxin that has been treated to destroy its toxicity

Xenobiotic
Compounds exogenous (external) to normal metabolism of the organism, i.e., foreign compounds
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TOXICOLOGY CAREERS

• Descriptive Toxicologist
• Regulatory Toxicologist

• Mechanistic Toxicologist • Forensic Toxicologist
• Clinical Toxicologist
• Environmental Toxicologist

Descriptive Toxicologist
• Asks “what happens?”
• Evaluates the toxicity of drugs, food additives and other products
• Determines dose/response relationships
• Works in a contract lab, in a pharmaceutical or other industry or in an academic setting
• Does tests involving in vitro analysis, animal testing and/or human clinical trials
• Conducts tests as specified by government regulation

Mechanistic Toxicologist
• Asks “how?”
• Works to discover the chemical’s mechanism of action using basic research techniques
• Studies biomedical research, biochemistry, physiology, etc.
• Relates mechanism to finding antidotes
• Explores absorption, distribution and excretion of the chemical
• Works in academic settings or for private industry

Clinical Toxicologist
• Begins with training as a medical doctor or veterinarian
• Explores the prevention, diagnosis and treatment of toxicoses
• Specializes in toxicology issues concerning drugs used for treatment (side effects, overdoses),
drugs of abuse, and accidental poisonings to a degree greater than other doctors

Environmental Toxicologist
• Studies pollutant effects on organisms, populations, ecosystems and the biosphere
• Investigates pollutants that are human-made, as well as those resulting from human activity
(example: increased levels of atmospheric CO2 )
• Facilitates remediation
• Works in academia, private industry or for the government (Environmental Protection
Agency, Department of Natural Resources, etc.)
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TOXICOLOGY CAREERS
Regulatory Toxicologist
• Asks questions about risk and makes decisions based on scientific data
• Strives to protect humans and animals from excessive hazards and risks
• Works for government bureaus, such as:
FDA = Food and Drug Administration
EPA = Environmental Protection Agency
CPSC = Consumer Product Safety Commission
OSHA = Occupational Safety and Health Administration
DOT = Department of Transportation
• Involved with writing or enforcing laws, such as:
SDWA = Safe Drinking Water Act
CAA = Clean Air Act
CWA = Clean Water Act
CERCLA = Comprehensive Environmental Response, Compensation and Liability Act
(Superfund)
FIFRA = Federal Insecticide, Fungicide, and Rodenticide Act
TSCA = Toxic Substance Control Act

Forensic Toxicologist
• Studies and practices the application of toxicology to the purpose of law
• Performs chemical analysis of crime evidence
• Teams with pathologists and law enforcement officials within the legal system
Example: trace elements at autopsy can give evidence as to where someone lives or works.
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TOXICOLOGY AT EVERY LEVEL OF
BIOLOGICAL ORGANIZATION
Toxicology Involves...All Chemicals...All Living Things...All Levels of Biological Organization...
Fill in the definition by each item

Macromolecules

Organelles

Cells

Tissues

Organs

Organisms

Populations

Communities

Ecosystems

Biosphere
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TOXICOLOGY AT EVERY LEVEL OF
BIOLOGICAL ORGANIZATION
TEACHER’S NOTES

Macromolecules

Organisms

Chemicals can bind to individual molecules in a tissue of the body.
Example: Chemicals may bind to DNA causing changes in the
DNA code (mutation). These mutations can sometimes lead to
cancer. These chemicals are called mutagens. Examples of
mutagens are aflatoxin (a natural toxin produced by a fungus that
infects peanuts, corn and other grains) and benzo[a]pyrene (a
chemical found in coal tar). Example: Chemicals may bind to
protein molecules inhibiting or altering their function. Carbon
monoxide binds the hemoglobin protein complex and inhibits it
from binding and transporting O2 properly.

Toxicants can be species specific, meaning that the same chemical
can be toxic to one species, while being non-toxic or differently
toxic to another species. Some toxicants can affect a whole animal
by interfering with development. A teratogen is any substance that
causes fetal malformations. In other words, if a pregnant female is
exposed to the chemical, the fetus is adversely affected.
Example: In the 1950s, the drug thalidomide was prescribed to
women to decrease the nausea and vomiting that can be associated
with pregnancy. It was later discovered that this drug caused many
babies to have missing or malformed limbs, as well as other
deformities.

Organelles

Populations

Chemicals can inhibit organelle functions by disrupting certain key
processes.
Example: Cyanide inhibits mitochondrial function because it
binds and inhibits the function of cytochrome a—one of the
members of the electron transport chain.

Entire populations of organisms can be affected by toxicants,
especially when the toxicant interferes with reproduction.
Example: the pesticide DDT affected the populations of predatory
birds by interfering with egg shell production resulting in thin
shells. The thin egg shells dramatically decreased the surv ival of
the offspring, thus decreasing the populations of birds in areas that
were sprayed with the pesticide.

Cells
Toxicants are often selective for specific cell types.
Example: A contaminant of “synthetic heroin,” MPTP is selective
to the dopaminergic cells in basal ganglia of the brain. Loss of
function of these cells causes “rigidity tremors,” like those seen in
patients with Parkinson’s disease.

Communities
Toxicants can affect the way one species interacts with another.
Example: The natural toxicants called cardiac glycosides are
found in certain plants, and protect those plants from being eaten
by organisms that cannot detoxify the substances. However, some
c a t e rpillars can feed on these plants, and may in turn use the
chemicals to protect themselves as butterflies. The glycosides are
distasteful and bird predators learn to avoid those butterflies. Other
butterflies can also benefit if they mimic the color patterns of the
poisonous butterflies, even if they do not have these chemicals.

Tissues
Cell death is a common outcome of chemical-induced injury. Thus,
the ability of the body to surv ive toxic insult is dependent on the
regenerative ability and functional reserve capacity of the tissue.
For example, liver tissue has excellent regenerative ability. If part
of the liver is damaged, the remaining liver tissue will grow until
the organ reaches its original size. In contrast, brain tissue has no
such regenerative ability. The kidney has excellent functional
reserve capacity. This means that if part of the kidney becomes
damaged (even an entire kidney!), the remaining kidney tissue will
work harder to filter the same amount of fluid that the original two
kidneys had done previously.

Ecosystems
Toxicants can affect all members of an ecosystem.
Example: Acid rain affects zooplankton, which are at the bottom
of the bottom of a complex food web. Thus it can affect the food
supply of several other species. Acid rain also affects other species
directly, by interfering with reproduction.

Organs

Biosphere

The most common organ affected by toxic insult is the liver. This is
because it is the first organ to “see” the blood that has just
absorbed gut contents. Also, the liver has most of the enzymes
involved in biotransformation (the sum of the processes by which
a chemical is subjected to change by living organisms). Depending
on the chemical, biotransformation may increase or decrease the
toxicity of the chemical, or may increase or decrease the ability of
the body to excrete the chemical.

C u rrent concerns include the effects on all living things of
increased atmospheric carbon dioxide and decreased ozone.
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SOME BASIC PRINCIPLES OF TOXICOLOGY

This exercise is designed to help you to understand some of the general principles that are important to toxicologists in their
quest to understand the biological effects of chemicals. What follows is a description of several terms that will help you to
understand how to think about foreign chemicals in natural systems. There are no reference materials necessary for this
exercise except the list of Toxicology terms provided.

TOXICOLOGY
is a science that combines biology and chemistry to study poisons and their effect on biological systems.
Name several poisons.

Toxicologists talk about the TARGET of a toxicant. They are referring to the particular macromolecule, cell, organ or
biochemical process that the toxicant disrupts. The way the toxicant is able to disrupt that process is called the
MECHANISM OF ACTION of the toxicant. Not all toxicants are lethal. They may also cause disease, tissue damage,
genetic alterations, cancer, etc.
For example, consider carbon monoxide (CO). This poisonous gas is released from the combustion of fossil fuels (car
exhaust) and cigarette smoke. The CO molecule competes with O2 for the same binding sites on hemoglobin. The
hemoglobin molecule cannot distinguish between the two molecules, so CO gets transported in the blood instead of O2
causing oxygen starvation of the tissues (in fact, carbon monoxide binds more tightly than O2). At lower concentrations,
this can cause changes in heart rhythm, headache, weakness, nausea, dizziness and dim vision. At greater concentrations,
CO poisoning leads to unconsciousness, coma, convulsions and possibly death. The effects of CO intoxication can be
reversible, except when severe oxygen deprivation causes permanent neurologic damage. Thus, the target of carbon
monoxide poisoning is hemoglobin and its mechanism of action is competitive binding to hemoglobin causing hypoxia
(oxygen deprivation).
Describe, in general terms, the target and/or mechanism of action for one of the poisons you named above.

Again consider the poisons you named. What organism do they effect? Humans? Animals? One of the primary ideas to
appreciate in toxicology is that all living things are potential victims of poisons. We most often think of toxicant effects on
humans and other animals, but all living things can be affected adversely by chemicals that are not part of their own metabolism.
Name a drug or chemical product designed to kill…
Bacteria ___________________________________
Fungi ____________________________________
Plants ____________________________________
Animals __________________________________
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SOME BASIC PRINCIPLES OF TOXICOLOGY

All living things are potential targets of poisons. So, too, all chemicals are potential toxicants. Paracelsus, a scientist
from the Middle Ages, summed up this concept by stating “all substances are poisons; there is none which is not a
poison. The right dose differentiates a poison from a remedy.”
Restate this famous quote in your own words.

The simplest and most common substances can be toxic—even water.
How do you suppose water could be toxic?

Name at least 3 substances which you normally consider safe, and explain the circumstances by which they could be harmful.

You should now be able to realize the importance of those “circumstances” you described above. These conditions are
critical to the study of toxicology and are described further below.
For an organism to have an adverse effect from a chemical, it must first have been in contact with it. This is called EXPOSURE.
Name at least 5 xenobiotics to which you have been exposed in the last 24 hours.

Next you might think about how you came into contact with those xenobiotics. The answer to this question determines
the ROUTE of exposure. For example, you breathe in air pollutants, thus the first contact points in your body would be
your nasal passages, airways, lungs, etc. (This would be the route of carbon monoxide poisoning.)
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SOME BASIC PRINCIPLES OF TOXICOLOGY

Below are some other routes of exposure for humans.
For each type of exposure, list the organ(s) that will first have contact with potential toxicants.

Touch ____________________________________
Ingestion __________________________________
Injection __________________________________
Toxicologists are also interested in other characteristics of exposure.
Pretend you are a detective at a “toxic” crime scene, and think of as many questions
as you can regarding the details of exposure.

One question you may have imagined is something regarding the length of exposure, or duration. Toxicologists define
two types of exposure based on its duration. ACUTE exposure is of brief duration. CHRONIC exposure is a persistent
exposure, over a long period of time.
Think about oil spills from ocean tankers that transport the hazardous substance. You’ve probably heard about the Exxon
Valdez spill in Alaska because of its magnitude, and the pristine area in which the spill occurred. This is an example of
acute exposure to oil by marine fish, mammals and birds. Compare this to the chronic exposure that animals that live
along tanker routes or near oil terminals receive from slow leaks and small spills that may not be nearly as great in
magnitude, but occur much more frequently.
Which do you think is more significant? Why?
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SOME BASIC PRINCIPLES OF TOXICOLOGY

Duration is not the only significant aspect of exposure. One of the
most important questions that toxicologists ask about exposure is —
“how much?” This is called the DOSE. This is important because for
each chemical, a certain dose produces certain biological effects in the
individual organism. Any biological effect caused by the exposure is
called the RESPONSE. Most of the time, the greater the dose, the
greater the response (as shown to the right), but this is not always true.
Dose vs. response curves can take many different shapes. The previous
graph depicts a linear relationship between dose and response.

dose

Draw a dose vs. response curve when a toxicant has no response at low doses, but requires a high dose to observe a
response. Draw another for a toxicant which produces responses at low doses, but at some larger dose, the magnitude of
the response does not increase.

dose

dose

Earlier in this exercise, you listed at least 5 xenobiotics to which you were exposed in the last 24 hours.
Did you experience any adverse effects to any of these chemicals? If so, describe these responses.
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SOME BASIC PRINCIPLES OF TOXICOLOGY

Regulatory toxicologists control the toxicity testing that is done on foods and pharmaceutical products. They must think
about: What responses are considered “adverse?” To what doses are the consumers most likely to be exposed? Further,
they must define the risk associated with each chemical, and the level of risk that the public will accept.
For example, think about an allergic reaction as an adverse effect of a xenobiotic. The “toxicant” in this case might be a
food or type of pollen. The adverse reactions vary from individual to individual. They might include skin rashes, asthma
attacks, and even severe reactions (anaphylaxis) that, if untreated, can lead to death. One food that causes some allergies
in people is peanuts.
Should regulators ban peanuts and peanut-containing food from the public market since it is a huge risk to some?
Why or why not?

That was an extreme example, but regulators ask and answer these same types of questions when they set standards for
food contaminants and drugs. The analysis of the nature and magnitude of risk is called RISK ASSESSMENT.
You have now been introduced to some of the basic principles of toxicology. Perhaps now the next time you sit down to a
meal, take medication or breathe in some second-hand smoke, you will think of the toxicologist!
Describe something you have learned or thought about in a new way as a result of this exercise.
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SOME BASIC PRINCIPLES OF TOXICOLOGY
TEACHER’S NOTES
his exercise asks students to relate their own personal experiences to the principles of toxicology. It also asks
them to come up with several of their own examples. Thus, this exercise is ideal for groups of 3 to 4 students.
There are no reference materials necessary, though the list of Toxicology Terms might be helpful. Finally, there
are no right or wrong answers! (This should make grading easy!)

T

What follows is a list of possible student responses to the questions and some discussion of those responses. These can
be used to lead a class discussion of answers.

Name several poisons...
Students may think of air pollutants, cyanide, rat poisons, pesticides (insecticides, herbicides, etc.), drugs
(pharmaceutical and drugs of abuse), household cleaning products and others.

Describe the target and/or mechanism...
Students will probably not be able to answer this question for most toxicants. However, if prompted, they may realize that
substances like bleach or other strong acids and bases are directly corr o s ive to tissue. They may also know that some
insecticides are toxic to the nervous system or that chemotherapeutic agents kill cells (cancer cells plus healthy cells)
directly.

Name a drug or chemical...
Bacteria—antibiotics (for bacterial infections)
Fungi—fungicides (for athlete’s foot, or for agricultural purposes)
Plant—herbicides (weed killers)
Animals—rodenticides (rat poisons)

Restate this famous quote...
Answers will vary.

How could water be toxic?
Students should recognize that water is harmful in a drowning situation. In other words, too much water exposed to the
wrong part of the body (lungs) is quite harmful.

Safe substances harmful?
A n swers will vary, but students should begin to understand the importance of circumstances like “too much” and “in
the wrong place.”

Xenobiotics...
Answers will vary, but students should begin to realize that they are exposed to many, many xenobiotics every day.
Pollutants in the air, additives in food, medications, cosmetics, etc., even food itself. Plants contain many compounds that
are foreign to mammalian metabolism.

Routes...
Inhalation—nasal passages, airways, lungs
Touch—skin
Ingestion—mouth, gut, liver
Injection—muscle, blood stream
Toxicology Enrichment Materials distributed by the Society of Toxicology ©Suzanne Conklin 2000.
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SOME BASIC PRINCIPLES OF TOXICOLOGY
TEACHER’S NOTES
Details of exposure...
Students should come up with several of the following…
Site (where?)
Duration (how long?)
Frequency or rate (how often?)
Concentration and total volume (how much?)
Mixed with anything else?

Acute vs. chronic significance...
Either answer is okay, but students should begin to realize that though they hear more in the media about acute exposures,
chronic exposures may be equally or more harmful to populations. Acute exposures like that described may kill off a large
number of animals all at once, but the surv ivors will be able to repopulate. Chronic exposure may not kill as many animals,
but may interfere with their reproduction. It is more difficult for a population to recover from this type of problem.

Graphs...

Plateau
High threshold
of response

dose

dose

Adverse responses...
Most students will not have experienced any, and this should tell them something about the doses they received.
(Too low to observe adverse reactions.)

Ban peanuts?
This is an extreme example. Students are not expected to think peanuts should be banned, though it should get them
thinking about risk factors in public health and what is the responsibility of the food producer vs. the food consumer.

Learned...
The goal is students begin to think of the effects of various chemicals in one unifying theme of toxicology.

Toxicology Enrichment Materials distributed by the Society of Toxicology ©Suzanne Conklin 2000.
http://www.toxicology.org

12

FIND THE TOXIC DOSE

This exercise will allow you to become a toxicologist. You will determine the toxic dose of a chemical that will inhibit
seed germination. The living system in which you will perform this exercise is the rapid-cycling Brassica rapa, a plant
related to cabbages and mustards.
These instructions provide a guide, but you will need to do much of the experimental
planning on your own. You may even want to perform the experiment more than
once, to verify your results, or to narrow the toxic dose range that you determine.
Read all the instructions first, and write your own detailed experimental plan.

Seeds

1. Choose a chemical.
Use your imagination! Remember the famous quote from Paracelsus. Think about
the kitchen cupboard, the cleaning products, the medicine cabinet, a local stream,
and your classroom chemical shelf. The only limitations— it must be safe for you to
handle, and be water soluble.

Water
© WFP

2. Plan and make dilutions.
This part is very important. (You may want to check your plan with your teacher before beginning.) First, choose the
most concentrated dose you wish to test. This may be the full strength cleaner, or the melted snow from a newly salted
roadway. Make at least 4 “serial” dilutions of this starting solution. (The more dilutions you use, the more precise your
results will be.) Use water to make your dilutions, and include water (only) as a “toxin-free” control. This will give you a
total of at least 6 treatments. Examples follow.
2-fold serial dilutions
Start with the most concentrated solution. Decide what final volume you will need for each treatment solution, and
begin with twice that. (In this example, you need 10 mL for each treatment, so start with 20 mL of your most
concentrated solution.) Take half this amount (10 mL) and add it to the same volume of water (10 mL). This is your
first dilution, and its concentration is half that of the starting solution. Repeat by removing half the volume of this
solution, and again, adding it to the same volume of water. Repeat until all the dilutions are made. You will have to
discard half of the volume of your last dilution to make the final volumes all equal. (Try 5-fold or 10-fold serial
dilutions to cover a broader range of doses.)

© WFP

Toxicology Enrichment Materials distributed by the Society of Toxicology ©Suzanne Conklin 2000.
http://www.toxicology.org

13

FIND THE TOXIC DOSE

3. Set up germination chambers.
There are several options for germination chambers. Empty plastic film canisters work great. About 10 mL final volume
will be necessary for each chamber. Other containers would work equally as well, just be sure that they are all the same,
and adjust the final volume of solution and wick size as appropriate. Wash all containers prior to use.

4. Make wicks.
Use water mat (a felt-like material designed for use with plants) or pellon or felt (both available at fabric stores). Pellon and felt
must be washed and double rinsed before being used. Washing removes chemicals used in the manufacturing process which are
toxic to the germinating seed. If using film canisters as containers, wicks should be approximately 1.5 cm wide and 6 cm long.

5. Put it all together.
Be sure all containers are well labeled. If you use a wick of the size mentioned above, you
can place 2 seeds on each wick. (If you use smaller wicks and smaller containers, set up 2
per treatment.) Place treatment solutions in the containers, and place the wicks in the
solutions. Allow the wick to absorb the solution. Once moist, seeds can be placed on the
wicks. Seal it all in an airtight container (like one from cottage cheese), and leave it
undisturbed.

© WFP

6. Observe.
Germination will occur over the next 3–4 days. Some suggestions for data collection include: Germination achievement
(measured in “yes” or “no”). Time to germinate (measured in hours or days). Length of radicle and/or hypocotyl each
day (measured in millimeters). Emergence of cotyledons and/or root hairs (measured in hours or days). Make drawings
or take pictures of the developing plants for
presentation.

7. Make conclusions.
What numerical conclusions can you make from your
data? (For example, “the toxic dose to inhibit
germination for chemical X is between 5 and 10
mg/mL.”) Think also about other factors, besides
chemical influence, that might affect germination.
Could these have had an effect on your results? What
problems did you encounter with the experiment or its
design? How would you fix these?

© WFP

8. Keep asking questions.
Graph your results to create a dose vs. response curve, using the numerical data you obtained to describe germination.
How might these results relate to the toxicity of your chemical on other living things? Design an experiment to test your
chemical on other phases of the Brassica rapa life cycle. What features of the life cycle could you measure? How could
you apply the chemical to the growing plant? Can you isolate effects on specific stages of plant development? What
related chemicals might you test?

Wisconsin Fast Plants Program (WFP), College of Agriculture and Life Science,
University of Wisconsin-Madison. www.fastplants.org
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FIND THE TOXIC DOSE
TEACHER’S NOTES
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Introduction:
This laboratory exercise will help introduce your biology, chemistry or
physiology class to the science behind many contemporary issues. Testing
new drugs and determining cause and effect relationships between the
presence of chemicals in the environment and detrimental effects on wildlife
are examples which draw on the basic principles of toxicology. This lab will
help students understand the concept of dose v s. response.
© WFP

Features:
As we know from the famous quote from Paracelsus, all chemicals are poisonous. The students will be allowed to choose
their own chemical to deduce its toxicity to a germinating seed. The materials are readily available, the experiment takes
a small amount of space, and it takes a limited amount of time over the course of a week. Mathematical principles are
emphasized when they use serial dilutions to establish a dose range. The experiment can be adapted to emphasize botany,
algebra, graphing or the relationship between different chemicals (for example, comparing different acids or bases).

Scientific Writing:
The exercise is not written with “cookbook” instructions. Instead, only guidelines are provided. To emphasize scientific
writing, have students write their results in the style of a scientific paper.

Introduction:
– purpose of this type of experiment
– choice of chemical and dose range
– type of information hoped to gain

Materials and methods:
– source of chemical
– treatments, dilutions
– seeds, containers, wicks, etc.

Results
– organized presentation of all observations
– tables, graphs, drawings

Discussion

Materials:

– conclusions
– significance of results (relate back to introduction)
– proposal of further experiments

Brassica rapa seeds are available from Carolina Biological Supply (as are other Wisconsin Fast Plants materials) or adapt
the experiment to use seeds from other plants. Seeds that are relatively large will probably fall off the wicks as they are
used in this experiment. You will need to set up a horizontal, rather than vertical, wick arrangement.

This laboratory exercise was adapted from materials written by Wisconsin Fast Plants Program,
College of Agriculture and Life Science, University of Wisconsin-Madison.
www.fastplants.org
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TOPICS IN TOXICOLOGY
INDEPENDENT ASSIGNMENTS
Gulf War Syndrome
Define “syndrome.” What are the symptoms of this syndrome? What group of people are suffering from these
symptoms? Provide some historical context. The cause of this set of symptoms is currently unknown. What are the
possibilities being investigated? What medical evidence has been gathered thus far? What other evidence (for example
from military documents, or site investigations) has been gathered thus far? Do you think the government has a
responsibility to solve this problem? Why or why not? If so, what should the government be doing? How might a
problem like this be prevented in future military missions?

Thalidomide
This drug was commonly prescribed in the 1950s. (It is mentioned in a popular Billy Joel song.) Draw thalidomide’s
chemical structure. Who was it prescribed to and what was it prescribed for? It turned out to be severely toxic. What type
of toxicant is it? What problems did it cause? Approximately how many people were affected by the drug? What is
known about thalidomide’s mechanism of action? How were these problems discovered? What toxicity testing was done
on this drug? Why wasn’t the toxicity discovered before it was approved for use? What was done after the toxicity was
discovered? What suggestions can you make for toxicity testing to prevent such a tragedy from ever happening again,
and, in general, for drug approval?

Dichlorodiphenyltrichloroethane (DDT)
Some major ecological problems were caused by this chemical. Draw the chemical structure of DDT. Provide some
historical context for DDT. (When was it discovered? What was it used for?) What is the mechanism of action of DDT?
Define bioaccumulation. Describe the effect of DDT on bird populations. What birds were affected? DDT was ultimately
banned in the United States. What was the effect of the ban on the bird populations? Define pesticide. What are the
advantages and disadvantages of pesticide use? How do you feel about the use of pesticides in American agriculture?

Aflatoxin
This is a natural toxicant, or toxin. Where does it come from? Draw the chemical structure of aflatoxin. How do humans
get exposed to aflatoxin? Animals can also be exposed. How does this happen? What type of toxicity does aflatoxin
cause? This is a very potent toxin. Provide some examples of doses needed to elicit aflatoxin toxicity in research
animals. Provide some examples of doses commonly found in human food. What laws or regulations are in place to
protect the public from aflatoxin? Do you think the laws governing food safety are adequate?

Lead
Lead is a toxic metal detectable in practically all parts of the environment and in all biological systems. What are some
common sources of lead exposure? What are some of the chemical forms of lead to which humans are exposed? What
p o rtion of the human population is most susceptible? What organ system is most at risk upon lead exposure? What are the
biological effects of lead on humans? What kind of studies are performed to determine the effects of lead on humans? At
approximately what lead concentration does lead cause toxic effects? What is the estimated concentration of lead in the
blood of humans in the United States? What kinds of things can individuals do to protect themselves from excessive lead
exposure? Do you think the government has a responsibility to protect the public from lead and other toxic metal exposure?

Domoic Acid
People can get exposed to domoic acid in food. What type of food can become contaminated with this toxin? What
organism actually produces the toxin? Within about 24 hours, those exposed display typical symptoms of food poisoning.
Describe these. Within about 48 hours, the main target organ becomes impaired, and symptoms related to this are
displayed. Describe these. Draw the structure of domoic acid. Describe this toxin’s mechanism of action. What portion of
the population is most susceptible to domoic acid poisoning? How is the presence of domoic acid measured? How much
resources (time, money, etc.) do you think the government should invest in research regarding a toxin to which a majority
of the population would never be exposed?
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TOPICS IN TOXICOLOGY
INDEPENDENT ASSIGNMENTS • TEACHER’S NOTES
These questions will require students to perform independent research. Information can be gathered from encyclopedias,
other reference books and periodicals. Increasingly, information on these and other toxicology topics can be found at
various internet Web sites. The questions range from factual to interpretive to evaluative. The goal is for students to gain
enough information on a particular topic to be able to form an opinion about it. What follows is a brief description of
each of the topics and suggestions for use.
• Students could be assigned a short report, using the questions as a guide.
• Students could work on these research projects individually or in groups.
• The topics could be covered individually in class, emphasizing different aspects of the topic as they are covered in
the course curriculum.

Gulf War Syndrome
• This assignment may be useful as a current event or “in the news” topic. It also illustrates complex problem
solving. The syndrome symptoms would fit into a study of the nervous system.
This has been a ‘hot’ topic in the news and continues to receive attention. Complaints from Gulf War veterans include
memory problems, sleep problems, confusion, dizziness, muscle pains and fatigue. Causes under investigation include
chemical exposure, stress and infectious disease. Chemicals under consideration include insecticides, anti-nerve gas
agents and chemical weapons. Some combination of these or other causes are also possible factors.

Thalidomide
• This assignment would fit into the study of reproduction, birth or development. Also, it exemplifies issues
related to epidemiology and animal testing. The drug is lipophillic and crosses the placenta by simple
diffusion, thus would fit into the study of membranes.
Thalidomide is a sedative and hypnotic commonly prescribed in Europe in the late 1950s to pregnant women to decrease
vomiting and nausea and as a sleeping aid. In 1960, an epidemic of new b o rns with rare limb deformities was identified in
West Germany and other parts of the world. Thalidomide is a teratogen which, when exposed during fetal development,
causes missing and malformed limbs, as well as other malformations and even death. In 1961, thalidomide was identified as
the causative agent of the epidemic and it was withdrawn from the market. By 1962, the epidemic had subsided.
Approximately 7000–8000 children were affected. The drug was tested in the mouse and rat, both of which are resistant to
the effects of the drug.

Dichlorodiphenyltrichloroethane (DDT)
• This topic would fit into the study of enzymes, ecology, populations and the food chain.
DDT was discovered over 100 years ago, and its use as an insecticide began in 1939 by a Swiss chemist. In World War II
it was used to dust soldiers for prevention of insect bites and diseases passed on by insects. This chemical was
considered ideal because it was persistent, highly toxic to invertebrates and had low toxicity toward vertebrates.
However, when it was used in agriculture, problems quickly developed. Both a spatial and temporal correlation were
made between its use and to the decline in populations of several bird species. DDT bioaccumulates, thus its effects were
primarily seen at the top of the food chain. Fish-eating birds affected included bald eagles, pelicans, osprey, heron and
gulls. Bird-eating birds included falcons and hawks. DDT caused a decrease in egg shell thickness and an increase in egg
breaking in the falcons. Subsequent research revealed that DDT inhibits an enzyme (Ca ATPase) that transports calcium
from the blood to the oviduct where the egg shell is formed. Once DDT was banned, the falcon population and others
bounced back.
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TOPICS IN TOXICOLOGY
INDEPENDENT ASSIGNMENTS • TEACHER’S NOTES
Aflatoxin
• This assignment should illustrate the point that not all dangerous chemicals are human-made. It also
demonstrates differences in susceptibility between animal species. Aflatoxins and other toxicants that
interfere with DNA can be incorporated into the study of molecular genetics. The biotransformation of
aflatoxin should be interesting to chemistry students in their study of functional groups.
Aflatoxin is a natural toxin produced by the fungus Aspergillus flavus that contaminates corn, peanuts and other grains.
Because it is produced by a fungus, aflatoxin is a “mycotoxin.” This compound is ve ry potent as a hepatotoxin and
hepatocarcinogen, meaning it is toxic and causes cancer of the liver. Aflatoxin will cause 50% lethality due to liver toxicity at
0.5 mg/kg in ducklings to 60 mg/kg in mice. The compound is biotransformed and subsequently causes cancer by binding to
DNA.

Lead
• The study of lead is appropriate within the context of the nervous system, development and behavior. It is also
frequently in the news, most recently regarding laws regulating the removal and disposal of lead-based paint.
Humans are exposed to this heavy metal in food, in lead-based paint in older dwellings, in air from combustion of leadcontaining auto exhausts or industrial emissions and lead-glazed earthenware. The major risk is toxicity to the nervous
system, though other forms of toxicity have been reported, especially in adults with high occupational exposure. The
most susceptible populations are children, particularly toddlers and infants in the neonatal period, and the unborn fetus.
Neurological, neurobehavioral and developmental effects have been described in children. A variety of tests are used to
evaluate the effects of lead in children including impact on behavior, intelligence (IQ) and other psychological skills.
Testing is also done in laboratory animals. Clinically overt signs of lead toxicity can be seen in children with blood
levels of 80 µg/dl. Children with levels between 50-70 µg/dl may have decreased cognitive function as measured by IQ.

Domoic Acid
• Outbreaks of domoic acid poisoning occur periodically. The study of domoic acid is appropriate within the context
of the nervous system, especially in terms of neuron structure and nerve impulses. A discussion of domoic acid
would also be appropriate in the context of the food chain, protozoa and/or invertebrate animals. Finally, domoic
acid is an amino acid (an unusual one) and could be discussed in relation to protein chemistry.
Domoic acid is an “excitotoxin.” It is a neurotoxin that causes overstimulation of a particular type of nerve cell receptor
(glutamate receptors). Upon initial exposure, people exhibit gastrointestinal distress. Within 48 hours, these symptoms
are followed by neurological symptoms including convulsions, agitation, memory impairment and/or coma. The toxin
has proved to be fatal in some cases. The toxin is produced by a species of plankton that serves as a food source for
shellfish, including mussels. In 1987, an outbreak of domoic acid poisoning occurred in Canada. The cause was traced to
blue mussels and over 100 cases were documented. The most severe cases occurred in those aged 60 or over and lead to
studies to correlate glutamate receptors with the aging of the nervous system.
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TOXICOLOGY
ON THE WORLD WIDE WEB
The following sites are excellent resources on toxicology for students and teachers. They are packed with reference
information (not just links to other sites) and have some excellent visuals as well. Surf into the world of poisons…

Arizona Poison & Drug Information Center
http://www.pharm.Arizona.edu/centers/poison_center/index.html
This site provides a great long list of “Tox-Trivia” questions, sections on poisons in the home, poisoning and pets, toxic
plants, venomous critters, hazardous materials, plus news and statistics.

The Why Files
http://whyfiles.news.wisc.edu
Make sense of science in the news at this dynamic and visual site. Check out the current issue, but also delve into the
archives (“More Stories”) for toxicology-related reports.

Air pollution at http://whyfiles.news.wisc.edu/030air_pollution/index.html
Frog deformities at http://whyfiles.news.wisc.edu/055oddball/frog.html
Endocrine disrupters at http://whyfiles.news.wisc.edu/045env_hormone/index.html

The Bad Bug Book
http://vm.cfsan.fda.gov/~mow/intro.html
This site from the U.S. FDA Center for Food Safety & Applied Nutrition has a wealth of information on foodborne
pathogens as well as natural toxins. Find reference material (diseases, target populations, history of recent outbreaks,
etc.) on mushroom toxins, shellfish toxins, tetrodotoxin from pufferfish and many others.

ExToxNet: The Extension Toxicology Network
http://ace.orst.edu/info/extoxnet/tibs/tibs.html
A rich source of information on pesticides can be found at this site. Included is a huge glossary, Toxicology Information
Briefs (on bioaccumulation, carcinogenesis and many more), Pesticide Information Profiles (on nearly 200 active
ingredients), Toxicology Issues of Concern, news and more.
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