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About the Guide

Teacher’s Guide editors William Bleam, Regis Goode, Donald McKinney, Barbara Sitzman and  Ronald Tempest created the Teacher’s Guide article material. E-mail: bbleam@verizon.net
Susan Cooper prepared the anticipation and reading guides.
Patrice Pages, ChemMatters editor, coordinated production and prepared the Microsoft Word and PDF versions of the Teacher’s Guide. E-mail: chemmatters@acs.org
Articles from past issues of ChemMatters can be accessed from a DVD that is available from the American Chemical Society for $42. The DVD contains the entire 30-year publication of ChemMatters issues, from February 1983 to April 2013.
The ChemMatters DVD also includes Article, Title and Keyword Indexes that covers all issues from February 1983 to April 2013.

The ChemMatters DVD can be purchased by calling 1-800-227-5558.

Purchase information can be found online at www.acs.org/chemmatters.
Student Questions

1. According to the article, what two factors should be considered to determine if a substance is toxic?
2. Explain why the Paracelsus quote “The dose makes the poison” is important in this article.

3. In the term LD50, what does the “LD” represent?
4. And what is the definition of the entire term “LD50”?
5. What are the units in which LD50 is measured?
6. The article mentions methods of administering poison other than ingestion. What are they?
7. How does toxicity vary with LD50 values?
8. The LD50 value of substance A = 5 mg/kg. The LD50 value of substance B = 23.5 mg/kg. Which substance is more toxic?
9. What is the LD50 value for caffeine?
10. What application of the botulinum toxin demonstrates that in very small concentrations a deadly poison can be harmless?

11. List three concerns about the use of LD50 values to measure toxicity in humans.
Answers to Student Questions
1. According to the article, what two factors should be considered to determine if a substance is toxic?
The two factors identified in the article are how much of the substance enters the body and how it enters the body. See “More on the factors affecting how poisonous a substance is” for a more detailed discussion.
2. Explain why the Paracelsus quote “The dose makes the poison” is important in this article.

The quote stresses the point made in the article that any substance can be a poison if a person is exposed to enough of it.
3. In the term LD50, what does the “LD” represent?
The “LD” is the abbreviation for the term “lethal dose.”
4. And what is the definition of the entire term “LD50”?
“LD50” is the amount of a given substance required to kill 50% of a test population (lab rats or other animals).
5. What are the units in which LD50 is measured?
The units for LD50 are mg substance / kg body mass or mg / kg.
6. The article mentions methods of administering poison other than ingestion. What are they?
The article lists these variations: administration through the skins (dermal LD50), injection (intravenous LD50) and inhalation (LC50), or lethal concentration.
7. How does toxicity vary with LD50 values?
They have an inverse relationship. The lower the LD50 value, the greater the toxicity of the substance.
8. The LD50 value of substance A = 5 mg/kg. The LD50 value of substance B = 23.5 mg/kg. Which substance is more toxic?
Substance A is more toxic because less of it is required to kill 50% of the test subjects.
9. What is the LD50 value for caffeine?
According to the table on page 7, it is 192 mg/kg for rats.
10. What application of the botulinum toxin demonstrates that in very small concentrations a deadly poison can be harmless?
It can be used in very small doses to treat cerebral palsy, multiple sclerosis and Parkinson’s disease. And used in even smaller doses, it removes wrinkles in the skin; this product is Botox.

11. List three concerns about the use of LD50 values to measure toxicity in humans.
Three concerns about the use of LD50 values to measure human toxicity are:

a. Citing ethics concerns, animal rights groups object to using lab animals, even rats, in laboratory tests to determine toxicity.

b. Despite rats having anatomies similar to humans (making them good test subjects for toxicity tests), their anatomies still differ significantly from those of humans, thus possibly making the results of these LD50 tests far less accurate than we assume them to be.

c. LD50 values measure acute toxicity, not chronic effects. This means that these tests only measure immediate effects of doses, not long-term (acute) effects (e.g., lead poisoning has a cumulative effect on the body).
Anticipation Guide

Anticipation guides help engage students by activating prior knowledge and stimulating student interest before reading. If class time permits, discuss students’ responses to each statement before reading each article. As they read, students should look for evidence supporting or refuting their initial responses.
Directions:  Before reading, in the first column, write “A” or “D,” indicating your agreement or disagreement with each statement.  As you read, compare your opinions with information from the article. In the space under each statement, cite information from the article that supports or refutes your original ideas.

	Me
	Text
	Statement

	
	
	1. All chemicals are toxic.

	
	
	2. How a substance enters your body affects its toxicity.

	
	
	3. You should be more concerned about inhaling mercury vapors than touching metallic mercury.

	
	
	4. Lethal doses (LD50) of chemicals are determined using hamsters.

	
	
	5. The lethal dose (LD50) of a substance is less for children than adults.

	
	
	6. The higher the LD50 of a substance, the more toxic it is.

	
	
	7. Vitamin D is added to milk sold in U. S. stores to help prevent cataracts.

	
	
	8. Theobromine (found in chocolate) is more toxic than caffeine.

	
	
	9. The most toxic substance known (botulinum toxin) is used in small amounts to treat the symptoms of certain diseases.

	
	
	10. LD50 values can be used to measure chronic effects of a toxin.


Reading Strategies
These graphic organizers are provided to help students locate and analyze information from the articles. Student understanding will be enhanced when they explore and evaluate the information themselves, with input from the teacher if students are struggling. Encourage students to use their own words and avoid copying entire sentences from the articles. The use of bullets helps them do this. If you use these reading strategies to evaluate student performance, you may want to develop a grading rubric such as the one below.

	Score
	Description
	Evidence

	4
	Excellent
	Complete; details provided; demonstrates deep understanding.

	3
	Good
	Complete; few details provided; demonstrates some understanding.

	2
	Fair
	Incomplete; few details provided; some misconceptions evident.

	1
	Poor
	Very incomplete; no details provided; many misconceptions evident.

	0
	Not acceptable
	So incomplete that no judgment can be made about student understanding


Teaching Strategies: 

1. Links to Common Core Standards for writing:

a. ELA-Literacy.WHST.9-10.2F: Provide a concluding statement or section that follows from and supports the information or explanation presented (e.g., articulating implications or the significance of the topic).
b. ELA-Literacy.WHST.11-12.1E: Provide a concluding statement or section that follows from or supports the argument presented.
2. Vocabulary and concepts that are reinforced in this issue:

a. Lethal dose (LD)

b. Amino acid

c. Enzyme

d. Organic molecular structure

e. Metric system

f. Electromagnetic radiation

g. Redox reaction

h. Pheromones 

i. Volatility
3. To help students engage with the text, ask students which article engaged them most and why, or what questions they still have about the articles.

Directions:  As you read, complete the graphic organizer below to describe evidence for the scientific or engineering practices required to determine toxicity of substances.

	Scientific and Engineering Practices
	Evidence

	Asking questions or defining problems
	

	Developing and using models
	

	Planning and carrying out investigations
	

	Analyzing and interpreting data
	

	Using mathematics and computational thinking
	

	Obtaining, evaluating, and communicating information
	


Background Information
(teacher information)
More on toxicity


Poisonous. Hazardous. Toxic. Dangerous. All are adjectives we use, often interchangeably, to describe chemicals that may cause harm to living organisms by reacting chemically with substances in the organisms so as to do some degree of harm, including death. Do the terms all mean the same thing? By explaining the concept of toxicity the article suggests that the terms have different meanings. The question involving the terms mentioned above is, “Is this substance poisonous?” The Merck Index provides some basics:

Poisoning is contact with a substance that results in toxicity. Symptoms vary, but certain common syndromes may suggest particular classes of poisons. Diagnosis is primarily clinical, but for some poisonings, blood and urine tests can help. Treatment is supportive for most poisonings; specific antidotes are necessary for a few. Prevention includes labeling drug containers clearly and keeping poisons out of the reach of children.
Most poisonings are dose-related. Dose is determined by concentration over time. Toxicity may result from exposure to excess amounts of normally nontoxic substances. Some poisonings result from exposure to substances that are poisonous at all doses. Poisoning is distinguished from hypersensitivity and idiosyncratic reactions, which are unpredictable and not dose-related, and from intolerance, which is a toxic reaction to a usually nontoxic dose of a substance.
Poisoning is commonly due to ingestion but can result from injection, inhalation, or exposure of body surfaces (eg, skin, eye, mucous membranes). Many commonly ingested nonfood substances are generally nontoxic (see Table 1: Substances Usually Not Dangerous When Ingested*

 INCLUDEPICTURE "http://www.merckmanuals.com/site_images/mm/legend_table_crop.gif" \* MERGEFORMATINET 
); however, almost any substance can be toxic if ingested in excessive amounts.

(http://www.merckmanuals.com/professional/injuries_poisoning/poisoning/general_principles_of_poisoning.html) (Note that Table 1 referred to in this quote can be accessed by using the Merck Index link in “More on poisons”, below)
Another way to answer the “Is it poisonous?” question is to consider two things—the toxicity of the substance and the health hazard of the substance. And if we decide that the substance is toxic or hazardous, or both, we may simply tell our students that the substance is dangerous, a non-technical term that warns students to be cautious around the substance in question.


The context for these ideas is the process of analyzing the risks and benefits involved with chemicals. Risk analysis is an important function of many endeavors, no more so than in our everyday interaction with chemicals. The risk assessment for human health has grown in importance in recent years due to new understandings about how chemicals affect human health.
The World Health Organization (WHO) estimates that more than 25% of the global burden of disease is linked to environmental factors, including exposures to toxic chemicals. Lead exposure, for example, accounts for 3% of the cerebrovascular disease burden and 2% of the ischaemic heart disease burden worldwide. Some 9% of the global burden of lung cancer is attributed to occupational exposure to toxic substances, and 5% to outdoor air pollution. Lung cancer and mesothelioma are caused by exposure to asbestos, which remains in use in some countries. Unintentional poisonings kill an estimated 355 000 people each year, two thirds of them in developing countries, where such poisonings are strongly associated with excessive exposure to, and inappropriate use of, toxic chemicals, including pesticides.
(http://www.inchem.org/documents/harmproj/harmproj/harmproj8.pdf)

The ubiquitous nature of chemicals in our lives and the potential risks they may cause, as well as the potential benefits they may produce, requires a careful analysis of those risks and benefits. Again, according to the World Health Organization:

Human health risk assessment is a process intended to estimate the risk to a given target organism, system or (sub)population, including the identification of attendant uncertainties, following exposure to a particular agent, taking into account the inherent characteristics of the agent of concern as well as the characteristics of the specific target system (IPCS, 2004).
It is the first component in a risk analysis process that also includes risk management and risk communication. Human health risk assessment of chemicals refers to methods and techniques that apply to the evaluation of hazards, exposure and harm posed by chemicals, which in some cases may differ from approaches used to assess risks associated with biological and physical agents.
The risk assessment process begins with problem formulation and includes four additional steps: 1) hazard identification, 2) hazard characterization, 3) exposure assessment and 4) risk characterization (IPCS, 2004).
(http://www.inchem.org/documents/harmproj/harmproj/harmproj8.pdf)

We should consider toxicity, then, as one key factor in the more general risk-benefit analysis of chemicals in our lives.


As the article describes, the toxicity of a substance is a property that can be measured in a laboratory and is a fixed number for a given substance. It is commonly measured by determining the 50% lethal dose, LD50, of the substance, using lab animals as test subjects. It is a direct measure of how poisonous a substance is. (See below for “More on LD50”). However, the degree to which a substance is a hazard can vary. Whether the substance is a hazard depends on circumstances—how the substance is stored, how it is transported or how it is used. This is where you can inject lab safety into the discussion because hazards can be controlled. Lab safety rules are often designed to minimize hazards. See below for “More on lab safety”.

An important note of context for the article—the article discusses only those substances that react chemically to cause potential harm to people. It is the chemical mechanism that distinguishes this group of substances from other substances that are dangerous. For example, an explosion is dangerous and can injure or kill a person, but the cause of the injury is not chemical. In this case the injury is caused by physical pressure of shock waves that result from the explosion or by being struck by foreign objects propelled by the blast. There is no LD50 in this situation. This article does not deal with these kinds of physical trauma.

Chemical and biological changes in the body can also be the result of exposure to ionizing radiation like the kind that residents of Hiroshima and Nagasaki experienced during World War II. This kind of nuclear radiation has multiple effects: breaking and forming of chemical bonds, and damage to biomolecules (like DNA) that have essential body functions. There are known LD50 values for exposure to ionizing radiation from nuclear sources, but the article does not include a discussion of these either. For example, for acute exposure to higher doses of radiation, a person might experience changes in blood components, fatigue, diarrhea, nausea and death. These effects will develop within hours, 
days or weeks, depending on the size of the dose. The LD50 for whole-body acute radiation is 320–60 rem, provided there is no medical treatment administered. If there is medical treatment the LD50 rises to 480–540 rem. For a longer discussion of these radiations, see http://www.nrc.gov/reading-rm/basic-ref/teachers/09.pdf.
More on the factors affecting how poisonous a substance is

The issue of “poisonous” is not always “cut-and-dried.” There are factors that influence whether a substance, even one normally considered poisonous, is actually so. The factors are a) route of entry into the body, b) dose entering the body, c) toxicity of the chemical, d) the natural processes that remove the substance from the body and e) the natural physiological variation among and within individuals.

As the article notes, the toxicity of a substance may depend on the route of entry into the body. The article uses mercury as an example. If swallowed as a liquid it likely will simply pass through without harm, but if the vapor emitted from the liquid is inhaled, the resulting symptoms include mood swings, nervousness, irritability, insomnia, headache, muscle atrophy and decreased cognitive function. In addition, if organic mercury in the form of methylmercury is eaten it can cause neurological disorders, especially in fetuses. Methylmercury is an organo-metal ion with the formula CH3Hg+ and is present in varieties of seafood. You may have to explain to your students that mercury was once the most common liquid in a thermometer since many high school students may remember only digital or strip (liquid crystal) thermometers from home or alcohol or digital thermometers from your lab.

The dose taken in will also affect toxicity. It is the most important factor, as the article describes. The article makes the point that every substance is toxic if enough of it is taken. The introduction to the article reminds us that water can be toxic, even though it is essential for life. The article describes the toxicity of vitamin D, which is a milk additive. The LD50 for vitamin D is 10 mg/kg, well within the definition of a poison (less than 50 mg/kg, according to the article). But a cup of milk contains only 2.5 µg (micrograms) of vitamin D, well less than the LD50 level. So too, oxygen, a substance essential for life, can be toxic in sufficient concentrations. We know that air is only about 20% oxygen, and that a body’s physiological processes are calibrated to process oxygen for respiration at that concentration. In much higher oxygen concentrations these processes break down. Mucus-like fluid fills the lungs, total gas flow decreases, chest pains occur and the total oxygen exchange in the lungs actually decreases. Cells are deprived of needed oxygen and cell death can occur. Under these circumstances oxygen acts as a poison. The condition is called hyperoxia.


The emphasis of this article is on toxicity and how it is measured. According to the article, “The toxicity of any substance is measured by a value known as its LD50. (LD stands for “lethal dose.”) This quantity refers to the dose required to kill 50% of a test population, usually lab rats.” Clearly LD50 is a major factor in any discussion of poisonous substances. The article indicates that the lower the LD50, the more toxic the substance. For a more detailed discussion of LD50 issues, see the next section of this Teacher’s Guide.

Yet another factor affecting whether a substance is poisonous is how the body eliminates the substance or its metabolic products. In some cases a substance may pass through the body unchanged and can be eliminated in the urine, feces, sweat or exhaled breath. Most substances, however, react chemically with other substances in the body and are, therefore, broken down as they pass through. The situation is improved if the products of the metabolic breakdown are less toxic than the original substance. If the products are more toxic, the person is in greater danger than before. Another consideration is how quickly substances are broken down. Rapid changes mean less exposure over time. Other substances are stored in the body for long time periods, causing longer-term damage. And there are other personal characteristics like age and sex that can also affect how poisonous a given substance is.


The article also mentions the difference between acute toxicity and chronic toxicity, and to clarify, the main emphasis of the article is on acute toxicity. Refer to the line in the article, “Because LD50 measures acute—or short-term—toxicity, the substance being tested must be given to the test animals all at once.” Acute toxicity is the result of a one-time, short-term, significant-dose exposure to a substance. So, for example, we sometimes hear about railroad tank cars containing a poisonous substance (like chlorine) overturning as the result of a derailment or other accident. If the chlorine leaks out, residents in the vicinity of the accident will be exposed suddenly to potentially dangerous chlorine concentrations. This would be a case of acute toxicity.
On the other hand, some exposures are well below LD50 levels, but the exposures occur repeatedly over a longer time period. Exposure to lead and to asbestos are well-known examples. Other examples include chronic exposure to second-hand smoke from tobacco products, environmental pollutants, pesticides, ionizing radiation and specific chemicals like tetrachloroethylene (TCE) or benzene.
More on LD50

As noted above, the toxicity of a substance—its effect on an organism, tissue or cell—is a property that can be measured in a laboratory and is a fixed number for a given substance. It is commonly measured by determining the 50% lethal dose, LD50, of the substance, using lab animals as test subjects. It is a direct measure of how poisonous a substance is.
Since individuals vary in their reaction to a specific substance, scientists use what is called a population-level measure of a substance’s toxicity. LD50 is a population-level measure of toxicity in that it is the dose required to kill 50 per cent of a given population, most often a population of lab animals. It is measured in units that relate the dose to body weight as in “mg/kg” and often includes the route of entry (ingestion, inhalation, etc.) and the animals used to test it. For example, this is the LD50 for aniline, C6H5NH2 : Aniline LD50 oral-rat: 250mg/kg. Other methods of expressing toxicity data include dose per area of skin surface and dose per volume of inhaled air (often given in parts per million)
How toxic is toxic? According to the Flinn “Science Department Safety Training Notes”, “In general, chemicals with LD50 values less than 300mg/kg are considered highly toxic, those with LD50 values between 300 and 1,000 mg/kg are considered moderately toxic, and those with LD50 values between 1,000 and 5,000 mg/kg are considered slightly toxic.” (http://www.flinnsci.com/media/460940/safety_notes_vol_12-9.pdf) Note that these values and categories differ from those given in the article.

When toxicologists set up toxicity tests they first determine a test organism. They can choose from a range of possibilities—from strains of bacteria through higher order animals. Ideally the species provides a good model for humans. They also choose the response they are testing for. The response should be an objective one and one that can be determined over and over. This can be something as simple as a change in heart rate or as complex as death in the case of LD50 testing. An exposure period must also be determined and, finally, the dose or series of doses.
[image: image1.png]CHEMMATTERS



Although the article does not discuss this, LD50 values are part of a broader concept called the dose-response relationship. There is typically a measureable relationship between the exposure (dose) to a potentially harmful chemical and the adverse response by the exposed organism. In most cases, as the dose increases the response increases once a threshold value is passed. That is, there are some doses that elicit no response. The lowest dose to elicit a response is called the threshold dose.

As applied to toxicity testing, the response values are measured and plotted against the measured dose values. The shape of these curves may vary, but the curve at right is a typical dose-response curve. Once the threshold value is exceeded the response increases with increasing dose up to a maximum value beyond which there is no added response. On the curve at right the LD50 value would be a dose of 5 mg/kg.

In addition to measuring lethal dose (LD) toxicologists may measure effective dose (ED) in cases where they are looking for a positive effect. Other standard doses include LDLo, the lowest dose that produces death in a population; TDLo, the lowest dose that produces any specific toxic effect; and the corresponding TC, or toxic concentrations in the case of administration by inhalation.
More on lab safety

This article has serious implications for chemistry teachers and their students. By its very nature, your classroom contains potentially toxic substances. And every good chemistry course should include instruction for students on handling potentially hazardous materials. In addition every chemistry teacher should practice chemical safety—from storage to disposal and every step in between, as this statement from the American Chemical Society indicates in their publication “Chemical Safety for Teachers and Their Supervisors, Grades 7-12:”

All chemicals are hazardous, but they all can be used safely if we know how to control their hazardous characteristics while we use them. The suppliers of chemicals used in our schools are aware of and fulfill their responsibilities to inform their customers of the hazardous characteristics of the chemicals they provide.

Suppliers provide this information both by labels on the containers and by Material Safety Data Sheets (MSDSs) (provided separately). According to the U.S. Occupational Safety and Health Administration (OSHA) and, in some cases, corresponding state regulations, it is the employer’s responsibility to ensure that this important precautionary information is conveyed to teachers. Typically, a supervisor informs teachers on behalf of the principal.

(http://www.acs.org/content/dam/acsorg/about/governance/committees/chemicalsafety/publications/chemical-safety-manual-teachers.pdf)


This ACS safety guide outlines areas of knowledge and practice that should be part of every chemistry classroom:


Knowledge entails in turn understanding the particular hazardous characteristics of a chemical that will be used. Is it flammable? Is it toxic? Knowledge also means knowing what to do and what to avoid when a chemical is flammable or corrosive. Moreover, knowledge includes knowing what to do in case no precautions or inadequate precautions were taken and an accident occurs. For example, how to use a fire extinguisher or what to do if a corrosive chemical is splashed on the skin. To gain this necessary information before using these chemicals, ask the chemical hygiene officer for your school system and other local resource persons for their help, read the labels, study the MSDSs; use all these sources for necessary information.
(http://www.acs.org/content/dam/acsorg/about/governance/committees/chemicalsafety/publications/chemical-safety-manual-teachers.pdf; p3)

The guide discusses hazardous chemicals specifically. It notes that each chemical presents its own potential hazards, making the task of knowing the risks involved in using any given chemical in the classroom a formidable task. However, the guide suggests that there only four categories of hazard—flammability, toxicity, reactivity and corrosivity. In describing toxicity, the guide says:

Broadly speaking, there are two different toxic effects, chronic and acute. A chronic toxic effect is noted only after repeated exposures or after a single, long exposure. Commonly known chronic toxic effects include cancer and reproductive malfunctions. Acute toxic effects occur promptly upon exposure, or within a short time—a few hours at most. Methyl and ethyl alcohol are examples. Both exhibit the same acute toxic effect: inebriation. Ethyl alcohol exhibits a chronic effect: cirrhosis of the liver.
Methyl alcohol exhibits two additional acute toxic effects: blindness and death. To understand this, consider the “dose-response” phenomenon, a characteristic of all toxins, both acute and chronic: the greater the dose, the more severe the response to the toxin. Thus, a very small amount of methyl alcohol inebriates, a bit more causes blindness, yet a bit more is fatal. All toxic substances share this characteristic; exposure to a larger amount of the toxin is worse than exposure to a smaller amount. An exposure of a longer duration has a greater toxic effect than an exposure of a shorter duration.


One precautionary measure for toxins is now obvious: Minimize the exposure. Use the smallest amount of toxin that is suitable for the purposes of an experiment. Minimize the time an experimenter will work with a toxin. Work with toxins only in a fume hood that is known to be working properly.
(http://www.acs.org/content/dam/acsorg/about/governance/committees/chemicalsafety/publications/chemical-safety-manual-teachers.pdf)

Other recommended steps to ensure safety are to: require use of certified eye protection, read MSDS documentation, take special steps to prevent fires, limit use of chemicals that are corrosive to tissue and be aware of especially reactive chemicals. The guide also provides advice for teaching students about safety and about developing an overall safety plan for your classroom. Other important precautions include: 1) always wear personal protective equipment, 2) work with volatile substances only in a properly functioning hood or well-ventilated lab, 3) immediately clean up all spills and 4) do not eat food, drink beverages or chew gum in the laboratory.
Standard Safety Data Sheets (formerly Material Safety Data Sheets) contain information about LD50 values. This is a requirement of the U.S. Department of Labor Occupational Safety and Health Administration (OSHA). Their brief on Safety Data Sheets says:

The Hazard Communication Standard (HCS) (29 CFR 1910.1200(g)), revised in 2012, requires that the chemical manufacturer, distributor, or importer provide Safety Data Sheets (SDSs) (formerly MSDSs or Material Safety Data Sheets) for each hazardous chemical to downstream users to communicate information on these hazards. The information contained in the SDS is largely the same as the MSDS, except now the SDSs are required to be presented in a consistent user-friendly, 16-section format. This brief provides guidance to help workers who handle hazardous chemicals to become familiar with the format and understand the contents of the SDSs.
The SDS includes information such as the properties of each chemical; the physical, health, and environmental health hazards; protective measures; and safety precautions for handling, storing, and transporting the chemical. The information contained in the SDS must be in English (although it may be in other languages as well). In addition, OSHA requires that SDS preparers provide specific minimum information as detailed in Appendix D of 29 CFR 1910.1200. The SDS preparers may also include additional information in various section(s).
Sections 1 through 8 contain general information about the chemical, identification, hazards, composition, safe handling practices, and emergency control measures (e.g., fire fighting). This information should be helpful to those that need to get the information quickly. Sections 9 through 11 and 16 contain other technical and scientific information, such as physical and chemical properties, stability and reactivity information, toxicological information, exposure control information, and other information including the date of preparation or last revision. The SDS must also state that no applicable information was found when the preparer does not find relevant information for any required element.
(https://www.osha.gov/Publications/OSHA3514.html)


Section 11 of the SDS contains the information about LD50 for the substance. The OSHA brief describes Section 11 this way:

This section identifies toxicological and health effects information or indicates that such data are not available. The required information consists of:

· Information on the likely routes of exposure (inhalation, ingestion, skin and eye contact). The SDS should indicate if the information is unknown.

· Description of the delayed, immediate, or chronic effects from short- and long-term exposure.

· The numerical measures of toxicity (e.g., acute toxicity estimates such as the LD50 (median lethal dose)) - the estimated amount [of a substance] expected to kill 50% of test animals in a single dose.

· Description of the symptoms. This description includes the symptoms associated with exposure to the chemical including symptoms from the lowest to the most severe exposure.

· Indication of whether the chemical is listed in the National Toxicology Program (NTP) Report on Carcinogens (latest edition) or has been found to be a potential carcinogen in the International Agency for Research on Cancer (IARC) Monographs (latest editions) or found to be a potential carcinogen by OSHA

(https://www.osha.gov/Publications/OSHA3514.html)

The Safety Data Sheets are consistent with the United Nations Globally Harmonized System of Classification and Labelling of Chemicals (GHS), which provides a non-mandatory set of guidelines for describing the “health, physical and environmental hazards of chemicals;

creating classification processes that use available data on chemicals for comparison with the defined hazard criteria; and communicating hazard information, as well as protective measures, on labels and Safety Data Sheets (SDS).” (https://www.osha.gov/dsg/hazcom/ghs.html) In section 3.2.1 of GHS, acute toxicity is described using LD50 data. The complete GHS text can be accessed at http://www.unece.org/trans/danger/publi/ghs/ghs_rev00/00files_e.html.
More on poisons

According to the U.S. Centers for Disease Control and Prevention:
Poisoning is the leading cause of injury death in the United States. Drugs—both illicit and pharmaceutical—are the major cause of poisoning deaths, accounting for 90% of poisoning deaths in 2011. Misuse or abuse of prescription drugs, including opioid-analgesic pain relievers, is responsible for much of the recent increase in drug-poisoning deaths . . .

Poisons are substances that cause harm to organisms when sufficient quantities are absorbed, inhaled or ingested. Some poisons make an organism sick, others may cause it to die and yet others may lead to subtle changes in health that may not be noticed for years. Toxicology is the science of poisons. It is the study of harmful effects 
of chemicals on living organisms.
(http://www.cdc.gov/nchs/data/databriefs/db166.htm)

Also according the Centers for Disease Control and Prevention, U.S. poison centers handled 2.3 million human poison exposures in 2011. However, there were likely many more cases of poisonings since many cases are never reported. Poisonings also are unreported when people do not realize they have been exposed, choose not to seek medical treatment or advice, do not have access to medical care, or do not know about poison center services. The graph below provides data about the number of poisoning deaths in the United States between 1999 and 2010.
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(http://www.cdc.gov/mmwr/preview/mmwrhtml/mm6212a7.htm)

Potentially poisonous chemicals or toxins can be natural or synthetic. Dioxin, pesticides and nerve gas are all synthetic, but belladonna, snake venoms and botulinum are natural products. Naturally-occurring toxins are sometimes referred to as biotoxins. For a list of poisons categorized by their mode of operation, see http://emergency.cdc.gov/agent/agentlistchem-category.asp.

More on toxicology

Your students might be interested in pursuing a career in toxicology. You can introduce this topic by noting that it is toxicologists who do the research that leads to the LD50 information described in the article. According to the Society of Toxicology (SOT) Web site: “Toxicology is the study of the adverse effects of chemical, physical, or biological agents on living organisms and the ecosystem, including the prevention and amelioration of such adverse effects.”

Further, SOT describes the work of toxicologists:

Hardly a week goes by without hearing that a chemical may potentially threaten our health—pesticides in the food we eat, pollutants in the air we breathe, chemicals in the water we drink, toxic dump sites near our homes. Chemicals make up everything around us. Which chemicals are really dangerous? How much does it take to cause harm? What are the effects of a particular chemical? Cancer? Nervous system damage? Birth defects?
Finding scientifically sound answers to these very important questions is what toxicologists do, using the most modern molecular, genetic, and analytical techniques available. Toxicology combines the elements of many scientific disciplines to help us understand the harmful effects of chemicals on living organisms.

An additional, important aspect of toxicology is determining the likelihood that harmful effects will occur under certain exposure circumstances, sometimes called “risk assessment.” If the risks are real, then we must be able to deal with them effectively. If the risks are trivial, then we must ensure that valuable public resources are not spent ineffectively.
The responsibility of the toxicologist is to:
1. develop new and better ways to determine the potential harmful effects of chemical and physical agents and the amount (dosage) that will cause these effects. An essential part of this is to learn more about the basic molecular, biochemical and cellular processes responsible for diseases caused by exposure to chemical or physical substances;
2. design and carry out carefully controlled studies of specific chemicals of social and economic importance to determine the conditions under which they can be used safely (that is, conditions that have little or no negative impact on human health, other organisms, or the environment);
3. assess the probability, or likelihood, that particular chemicals, processes or situations present a significant risk to human health and/or the environment, and assist in the establishment of rules and regulations aimed at protecting and preserving human health and the environment.
(http://www.toxicology.org/ai/apt/careerguide.asp#What is Toxicology?)
Among the basic tasks performed by toxicologists are: isolating, identifying and measuring toxic substances or radiation and any harmful effect they have on humans or animals; planning and carrying out a wide range of experiments in the field or laboratories; analyzing and evaluating statistical data and researching scientific literature; writing reports and scientific papers; presenting findings and, in the case of forensic work, giving evidence in court; advising on the safe handling of toxic substances and radiation, in production or in the event of an accident; and studying the effects of harmful chemicals and biological agents on people and advising on the treatment of affected patients.

Two of the more popular specialties in this field are forensic toxicology and medical toxicology.

Forensic toxicologists isolate and identify substances in the body that are part of evidence of a crime—substances like alcohol, drugs, poisons, metals and gases like carbon monoxide. Often they are performing analyses on body tissues and fluids. For the most part forensic toxicologists work in the lab using crime scene samples provided by investigators like on the TV shows like CSI. This field has grown in recent years to include drug testing for employers and traffic enforcement officials and testing for performing-enhancing drug substances banned from sporting events.


Medical toxicologists focus on the diagnosis, management and prevention of poisoning and other adverse health effects due to medications, occupational and environmental toxins, and biological agents. These specialists encounter cases of drug overdoses for both prescription and over-the-counter medications, exposure to industrial and environmental hazards like pesticides, toxic gases and household products and ingestion of food-borne toxins.
To work as a toxicologist requires a degree in toxicology or a related degree like biology, chemistry or biochemistry. Bachelor's degree programs in toxicology cover the chemical makeup of toxins and their effects on biochemistry, physiology and ecology.
More on animal testing

Your students may raise the issue of using laboratory animals for testing of factors like LD50—or it may be one of your concerns. The article does not mention the controversy directly, so this section of the Teacher’s Guide will be limited. There are other resources listed in the “More sites” section of the Teacher’s Guide, below.


If you choose to raise this issue in connection with this article, it is a good opportunity for students to research two sides of a very controversial issue and present arguments and supporting facts in a classroom setting. This kind of critical thinking research and presentation is important if students are to develop these skills during their time in school.


The web site “Pro-Con.Org” presents all sides of many controversial issues, including animal testing, and is a good place for students to begin. The site notes:

An estimated 26 million animals are used every year in the United States for scientific and commercial testing. Animals are used to develop medical treatments, determine the toxicity of medications, check the safety of products destined for human use, and other biomedical, commercial, and health care uses. Research on living animals has been practiced since at least 500 BC.
Proponents of animal testing say that it has enabled the development of many life-saving treatments for both humans and animals, that there is no alternative method for researching a complete living organism, and that strict regulations prevent the mistreatment of animals in laboratories.
Opponents of animal testing say that it is cruel and inhumane to experiment on animals, that alternative methods available to researchers can replace animal testing, and that animals are so different from human beings that research on animals often yields irrelevant results.
(http://animal-testing.procon.org/#background)

The site presents equivalent opinion and facts on both sides of this issue:
PRO - Animal testing has contributed to many life-saving cures and treatments.
The California Biomedical Research Association states that nearly every medical breakthrough in the last 100 years has resulted directly from research using animals. Experiments in which dogs had their pancreases removed led directly to the discovery of insulin, critical to saving the lives of diabetics. The polio vaccine, tested on animals, reduced the global occurrence of the disease from 350,000 cases in 1988 to 223 cases in 2012. Animal research has also contributed to major advances in understanding and treating conditions such as breast cancer, brain injury, childhood leukemia, cystic fibrosis, malaria, multiple sclerosis, tuberculosis, and many others, and was instrumental in the development of pacemakers, cardiac valve substitutes, and anesthetics. Chris Abee, Director of the University of Texas M.D. Anderson Cancer Center's animal research facility, states that "we wouldn't have a vaccine for hepatitis B without chimpanzees," and says that the use of chimps is "our best hope" for finding a vaccine for Hepatitis C, a disease that kills 15,000 people every year in the United States.
(http://animal-testing.procon.org/#background)
CON - Animal testing is cruel and inhumane.

According to Humane Society International, animals used in experiments are commonly subjected to force feeding, forced inhalation, food and water deprivation, prolonged periods of physical restraint, the infliction of burns and other wounds to study the healing process, the infliction of pain to study its effects and remedies, and "killing by carbon dioxide asphyxiation, neck-breaking, decapitation, or other means." The Draize eye test, used by cosmetics companies to evaluate irritation caused by shampoos and other products, involves rabbits being incapacitated in stocks with their eyelids held open by clips, sometimes for multiple days, so they cannot blink away the products being tested. The commonly used LD50 (lethal dose 50) test involves finding out which dose of a chemical will kill 50% of the animals being used in the experiment. The US Department of Agriculture (USDA) reported in 2010 that 97,123 animals suffered pain during experiments while being given no anesthesia for relief, including 1,395 primates, 5,996 rabbits, 33,652 guinea pigs, and 48,015 hamsters.
(http://animal-testing.procon.org/#background)

You can refer to this site and others presented below to get more information on animal testing and ideas for including this topic in your classroom.
Connections to Chemistry Concepts
(for correlation to course curriculum)

1. Lab Safety—The contents of this article relate directly to safety in the lab. You can easily apply the article to hazardous materials, toxicity and procedures that students must follow in order to maintain a safe environment in the classroom.

2. Properties of elements and compounds—There are a variety of properties discussed in the article, all, of course, relating to the toxicity of a substance. As you discuss chemical properties, for example, you may wish to include toxicity as well.

3. Biochemistry—In general for this article the mechanisms that make a substance toxic are biochemical in nature. You can illustrate to students the variety of biochemical reactions that are important in discussing how the body functions, both in a safe environment and in a hazardous one.
Possible Student Misconceptions
(to aid teacher in addressing misconceptions)
1. “All chemicals are hazardous.” Strictly speaking, this is not true. As noted earlier in this Teacher’s Guide, the hazard of a chemical lies in the way it is stored, handled or used. In other words, “hazard” describes behavior and not properties inherent in a substance. It might be appropriate to say that a substance is poisonous or toxic, but it only become hazardous if it is not handled correctly.
Anticipating Student Questions
(answers to questions students might ask in class)
1. “If all substances are potentially toxic, why aren’t there warning labels on everything?” While it is true that all substances are toxic depending on doses, many substances are categorized as “practically non-toxic” or “relatively harmless.” The chances of anyone being poisoned by these substances are so small that warning labels would only be a distraction—or cause unnecessary worry.

2. “Does LD50 mean that scientists actually kill lab animals?” Yes, they do. Federal laws and other regulations permit these practices. Many people believe that animals should not be used for product testing while others believe that such testing is critical to testing drugs and other products that are safe for humans. [Note to teacher: Answer this question in whatever depth you are comfortable. See “More on animal testing”, above, and “More sites on animal testing”, below.
In-Class Activities

(lesson ideas, including labs & demonstrations)
1. Students can learn about toxicology and what toxicologists do in this series of class activities from the University of Georgia, including a lab in which students produce a dose-response curve for radish plants subject to potentially toxic substances. (http://extension.uga.edu/k12/science-behind-our-food/lesson-plans/IntrotoToxicology.pdf)

2. This lab activity from Penn State University gives students experiences about how the body processes toxins: http://vbs.psu.edu/etoxic/educators/lesson-plan-four-entry-exit-and-everything-in-between.

3. This lab activity from the National Science Teachers Association (NSTA) teaches students how to use SDS (formerly MSDS) and also has a section on toxicity using daphnia. (http://www.gaaged.org/Browseable_Folders/Curriculum/Lesson%20Plans/Supplemental_Lesson_Plans/Agricultural%20Chemistry%20Selectivity%20and%20Toxicity.htm)

4. This lab activity examines the effect of several potentially toxic solutions on the behavior of California blackworms by varying the concentration of each solution. (http://kennedyapes.weebly.com/uploads/4/5/3/0/4530459/lc50_toxicity_lab.doc)

5. The University of Arizona gives us a lab featuring multiple lab stations. Concepts examined include threshold limits, body size, dose-response and response variability. (http://coep.pharmacy.arizona.edu/curriculum/basictoxlab/Basic_Toxicology_Lab_Stations.pdf)

6. The Society of Toxicologists provides links to other classroom activities related to toxicology. (http://www.toxicology.org/teachers/curriculum.asp)

7. The National Institutes of Health Office of Science Education offers a free curriculum supplement that has activities on chemicals, risk, dose-response, among other topics. (http://science.education.nih.gov/customers.nsf/MSEnvironment.htm)
8. The PBS series “American Experience” explores case studies of poisonings and provides classroom activities on poisons for students. (http://www.pbs.org/wgbh/americanexperience/films/poisoners/player/)

9. High school chemistry students can do this lab on measuring the toxicity on brine shrimp of common household products. (http://www.juliantrubin.com/encyclopedia/environment/brine_shrimp.html)

10. Flinn Scientific offers a kit for testing toxicity in brine shrimp. (http://www.flinnsci.com/store/Scripts/prodView.asp?idproduct=19056)

11. You might use this Web site to begin a discussion with students about toxic substances and under what circumstances they’re toxic. The site seeks to ban dihydrogen monoxide: http://descy.50megs.com/descy/webcred/webcred/dhmo.html.

Here is the official Web site of Dihydrogen Monoxide: http://www.dhmo.org/.

And here is an article in the newspaper reporting about a student’s science fair project investigating students’ reactions to the call to ban dihydrogen monoxide: http://articles.orlandosentinel.com/1997-10-28/news/9710280246_1_dihydrogen-monoxide-ban-dihydrogen-dhmo.

Out-of-class Activities and Projects
(student research, class projects)
1. Beginning with clear and explicit warnings about handling materials, you could assign each student in a class to identify five (or any number) common materials around their house and research the LD50 for each. Be sure to require that students document their sources. The class can then compile one class list and discuss results. A more detailed version of this activity can be found on the Cornell University Web site: http://cwmi.css.cornell.edu/TrashGoesToSchool/Toxics.html. Although it is designed for students in grades 7-8, it can be adapted for high school use.
2. If there are organizations in your community that might employ toxicologists, you can assign students to interview them to find out their skill set, academic background and their normal work routine. If any of the toxicologists are willing to come speak to your class, this can be turned into an in-class activity.

3. The Society of Toxicologists has a series of enrichment topics (e.g., thalidomide and DDT) that could be assigned as out-of-class work. See http://www.toxicology.org/teachers/enrichtopics.asp.
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Web Sites for Additional Information
(Web-based information sources)
More sites on poisons

The Merck Index provides extensive background on poisons and poisoning, along with a list of common non-food substances that are not dangerous when consumed and a list of common toxic syndromes. (http://www.merckmanuals.com/professional/injuries_poisoning/poisoning/general_principles_of_poisoning.html)

Profiles of thousands of toxic substances are listed on the Agency for Toxic Substances and Disease Registry page. The registry is part of the U.S. Department of Health and Human Services. (http://www.atsdr.cdc.gov/)

The Canadian Center for Occupational Health and Safety is an excellent resource on poisons. (http://www.ccohs.ca/oshanswers/chemicals/poisonou.html)
More sites on LD50

Dose-response and measuring exposure (e.g., LD50) is explained on this Cornell University Extension Service site: http://pmep.cce.cornell.edu/profiles/extoxnet/TIB/dose-response.html.

Technical aspects of measuring toxicity are described on this site from the State University of New York: http://life.bio.sunysb.edu/marinebio/fc.6.toxicity.measures.html.

Risk assessment and acute and chronic toxicity are outlined on this Analysis Online site: http://www.analysisonline.org/site/aoarticle_display.asp?sec_id=140002434&issue_id=5&news_id=140002554&pg=22.

This is a very brief page from the University of Oregon that explains the use of LD50 data in MSDS: http://chemlabs.uoregon.edu/Safety/toxicity.html .

The Physicians Committee for Responsible Medicine shares this criticism of using LD50 data to measure toxicity: http://www.pcrm.org/good-medicine/1999/summer/the-ld50-cruel-archaic-and-still-used-in.
This site from Utah State University lays out some basic principles of toxicology http://toxicology.usu.edu/660/html/principles.html
More sites on toxic substances

The United Nations World Health Organization publishes a “Human Health Risk Assessment Tool Kit”: http://www.inchem.org/documents/harmproj/harmproj/harmproj8.pdf.


The World Health Organization also publishes a document called “Principles and Methods for Evaluating the Toxicity of Chemicals”: http://www.inchem.org/documents/ehc/ehc/ehc006.htm.

The state of California issues an “Introduction to Hazardous Chemicals in the Workplace”, which is a basic but complete guide to dangerous chemicals, as part of their “Understanding Toxic Substances” program: http://www.cdph.ca.gov/programs/hesis/Documents/introtoxsubstances.pdf.

More sites on toxicology

The Society of Toxicologists is a professional organization for working toxicologists and the site offers information about careers in this field. (http://www.toxicology.org/)


Flinn Scientific provides this primer on toxicology: http://www.flinnsci.com/media/460940/safety_notes_vol_12-9.pdf.

A very detailed examination of the field of toxicology is provided here by The National Library of Medicine: http://toxlearn.nlm.nih.gov/htmlversion/module1.html.

More sites on lab safety


The American Chemical Society publishes a complete guide to “Chemical Safety for Teachers and Their Supervisors, Grades 7-12” that includes a section on the safe handling of hazardous chemicals: http://www.acs.org/content/dam/acsorg/about/governance/committees/chemicalsafety/publications/chemical-safety-manual-teachers.pdf.
From Flinn Scientific, here’s a searchable series of safety sheets that identify hazards and responses: http://www.flinnsci.com/msds-search.aspx.


The Lab Safety Institute provides many resources promoting lab safety: http://www.labsafetyinstitute.org/.


The U.S. Centers for Disease Control and Prevention (the CDC) publishes a comprehensive “School Chemistry Safety Guide” that outlines steps to control hazardous chemicals along with other important safety concepts. (http://www.cdc.gov/niosh/docs/2007-107/pdfs/2007-107.pdf)


The National Science Teachers Association lists on their Web site multiple resources for lab safety. (http://www.nsta.org/safety/)
More sites on animal testing

Sites with a balanced approach to animal testing

This site, ProCon.org, offers opposing points of view on many topics of interest, including animal testing: http://animal-testing.procon.org/.


The Markkula Center for applied Ethics has an essay that incorporates both pro and con on animal testing. (http://www.scu.edu/ethics/publications/iie/v1n3/cures.html)


The U.S. Food and Drug Administration has a position on animal testing that is provided on its Web site. The site also contains links to other federal laws or rules governing use of animals. (http://www.fda.gov/Cosmetics/ScienceResearch/ProductTesting/ucm072268.htm)

Sites that are pro-testing
This site, funded by firms that use animals in their testing programs, has a positive view of testing: http://www.understandinganimalresearch.org.uk/.


Pharmaceutical company Johnson & Johnson gives their position on animal testing and provides a link to their guidelines for the use of animals. (http://www.jnj.com/caring/citizenship-sustainability/strategic-framework/animal-testing)

Sites that are anti-testing

People for the Ethical Treatment of Animals presents the arguments against using lab animals as test subjects. (http://www.peta.org/issues/animals-used-for-experimentation/animal-testing-101/)

The Humane Society International also presents the case against animal testing. (http://www.hsi.org/campaigns/end_animal_testing/qa/about.html)
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