TOXICITY LAB

Background Information:  
Why conduct toxicology experiments?

“One of the reasons for studying toxicology at the high school level is its relevance to everyday life.  On a daily basis we are confronted with news reports about toxic chemicals in our food, water, and environment.  How do we decide which of these are worth worrying about? Each of us must make individual decisions about questions such as, “Should I buy bottled water, or is it safe to drink water from the tap?” We also can exert political pressure to influence broader societal questions such as, “Should the federal government ban sales of saccharin?” or “Should the town spray herbicides to control weed growth on the highways?” Too often these decisions are based on misconceptions about what is “safe” and what involves too great a risk.  In learning the basic concepts of toxicology, students will become better prepared to make reasoned decisions about issues such as these.” 

What is the definition of dose and response?

Dose: 
The measured amount that enters a body.  Often this is reported as the concentration of the chemical of concern per unit of body mass.  Example: A dose of 20 mg/kg means that there is a concentration of 20 mg of chemical per kg of body weight.  In a 165 lb person (75 kg), a dose of 20 mg/kg means that 1500 mg have entered the body (75 kg x 20 mg/kg = 1500 mg).

Response:  The effect of the chemical on the body.  This can be negative, in the case of a harmful chemical, or positive, such as therapeutic drugs.  However, in a large enough dose, even a beneficial substance can have negative effects.
Pesticide Signal Words:  Pesticides are defined as chemicals used to prevent, destroy, or repel pests: insect, mice, weeds, fungi, and bacteria. Pesticides also include household products, such as disinfectants or cleaners that are used to destroy the growth of harmful bacteria, viruses, or fungi on household surfaces. The Environmental Protection Agency (EPA) registers and regulates pesticides under the Federal Insecticide, Fungicide and Rodenticide Act (FIFRA). These products must meet some basic standards: (1) the product will not cause harmful effects to human health or the environment and (2) that product labeling must meet FIFRA requirements.
The signal words used on pesticide labels are based on the degree of toxicity or how poisonous the product is, and use the oral Lethal Dose 50 (LD50) of the substance, expressed in milligrams of chemical per kilogram of body weight (mg/kg). Table 1 indicates how signal words are determined for use on pesticide labels. 

Note**: If there is no signal word on a product, then it is not hazardous.


   Table 1. FIFRA Signal Words and Toxicity Rating Scale for Rats

	
	Signal Words
	Toxicity
	Oral LD50 (mg/kg)
	Examples
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	DANGER-POISON
	highly toxic 
	  0 - 50
	indoor/outdoor insect killer

	
	DANGER 
	highly toxic/corrosive
	  0 - 50
	toilet bowl cleaner

	
	WARNING

	moderately toxic
	50 - 500
	flea spray

	
	CAUTION
	slightly toxic
	500 - 5,000
	rat killer, ethanol


Dose Response Curves typically have the general shape shown in the graph below. 
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What do dose-response experiments tell us?

In a dose-response experiment, a population of test organisms is exposed to increasing doses of a single chemical and the range of responses of the test organism to the chemical is recorded. In dose-response experiments, the composition and concentrations of chemical solutions are known. Often in dose-response experiments, a chemical that is harmful at high doses can sometimes have no effect or even beneficial effect at low doses (ex. therapeutic drugs.)  Overall, dose-response experiments demonstrate the toxicological principal that “the dose makes the poison.” The resulting data can also be used to determine the LD50 (the dose of the test chemical that is lethal to 50% of the bioassay organisms) or other measures of the response to chemical solutions.  These experiments can also determine the Lowest Observable Effect Level (LOEL), or the dose at which the researcher begins to see an effect.

LD50/EC50 Experiments:  LD50 (lethal dose 50%) experiments measure the dose of a test chemical which will kill 50% of the exposed organisms within a specific time period.  LD50 is an extremely useful reference because it allows toxicologists to compare and rank the toxicity of different chemicals to one another. However, lethality is not the only effect that toxicologists measure, and in fact, dose-response experiments can also measure the concentration at which therapeutic effects occur (EC50, Effective Concentration 50%) or the dose at which negative but non-lethal effects occur (TD50, Toxic Dose 50%). LD50 is an extremely useful reference because it allows toxicologists to compare and rank the toxicity of different chemicals to one another.
TD50 Experiments:  Dose-response experiments can also be conducted to determine the concentration of a test chemical that causes a specific negative effect (e.g. inhibition of growth) other than death.  TD50 (Toxic Dose 50%) is the concentration at which 50% of test organisms that display the specific negative response. 

Bioassays:  Laboratory mice vs. Other Organisms in Toxicology Experiments

Dose-response bioassays provide information about the acute toxicity of a single chemical to the bioassay organism from short-term, acute exposures.  Dose-response experiments can demonstrate the range of effects of chemicals on bioassay organisms, from no observable effect to very high toxicity. Since other types of organisms might respond differently to the same chemical, it is a good idea to try bioassays using several different species. 

When scientists want to determine the possible impacts of a substance on human health, they often conduct dose-response bioassays using rats, mice, or other laboratory animals.  Laboratory mice are used for bioassays related to human health because they provide a reasonable model of human response to chemicals. Scientists use these bioassay results to compare the toxicity of various compounds and then to predict the potential affects of these same chemicals on human health.

Bioassays are also used to test the toxicity of environmental samples, and in these types of bioassays we are interested in the response of organisms other than humans.  In environmental sampling, bioassays can indicate the toxicity of an unknown solution or environmental sample.  In these cases instead of using laboratory rats or mice, it makes sense to conduct bioassays with organisms that are typical of the environment being tested.  Herbaceous/aquatic plants, aquatic invertebrates, fish, worms, single-celled algae and fungi are all useful for bioassays because they are representative of the types of organisms found in aquatic or terrestrial ecosystems, and they are responsive to many types of environmental contaminants. Dose-response experiments provide a useful frame of reference for bioassays because these experiments test mixtures of unknown chemicals found in environmental samples and can be compared to laboratory run dose-response experiments as a reference of response for specific doses of known chemicals.

How do scientists choose what types of bioassay organisms to use in their experiments?  The species used for bioassays should be sensitive to various types of chemicals and chemical mixtures.  The bioassay organism should also be relatively easy to keep alive in the laboratory.  No single species provides the perfect bioassay.  Each responds in its own way, so toxicity testing usually includes more than one species in order to provide a more complete picture of toxicity. The species of choice may also depend on the type of chemicals being studied and the purpose of the experiments.  For example, suppose that you want to investigate the impact of household cleaners advertised to be effective in killing molds on non-porous hard surfaces. Using bioassays with yeast or other fungi could help determine whether a specific household chemical is toxic to molds and at what concentrations.
Complete the following data chart and determine if the chemical in question is a poison or NOT a poison

Show your work for each calculation. 

	Concentration of chemical
	Weight of Organism
	Poison or NOT?
Toxicity signal

	2 mg
	20 kg
	

	9 micrograms
	1 kg
	

	5 mg
	2kg 
	

	15 g
	200 kg
	

	10 mg
	1000 g
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LD 50 Radish Seed Lab Protocol

Materials

1 Package of radish seeds

6 Ziploc sandwich bags

6 test tubes and racks

6 napkins 

10 ml Growth Media to be tested

~100 ml of tap water for dilutions

1 Sharpie to label bags

1. Make serial dilutions with growth media.  You should have a total of 6 dilutions should range from 100% to 0.001% concentration.  Each media concentrations should have a volume of 9 to 10 ml.

2. Label 6 Ziploc bags with: group name, date, growth media type and dilution.

3. Place a napkin in each bag.  Make sure it lays out flat.

4. Pour 9 to 10ml of growth media concentration into each bag.  Make sure the concentration matches the value you marked on the bag.

5. Carefully place 6 to 8 radish seeds on the napkin.  Spread them out so they can be easily counted and are able to grow without interfering with other seeds.

6. Seal bags and place on window ledge for 4 to 5 days.

7. After 4 to 5 days, carefully remove the germinated radish shoots from the bags and measure the length of both roots and stems from each sample in the bag.  Record your information and find an average root, stem and overall length for each dilution.

8. Plot an LD/ED 50 curve for overall length verses media concentration.  

9. Determine the LD/ED 50 concentration for your media.

Include Background/Purpose, Materials, Procedure, Data, Results, Analysis and Conclusion in your lab notebook.
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