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Toxic Tea: 

Determining LC50 of 

Herbal Tea




Objectives

After this lab you should be able to do the following:

· Explain the concept of toxicity and LC50.
· Understand how LC50 is calculated and it’s importance.
· Identify causes of poisoning in nature.
Materials
Materials for this lab are:

Brine Shrimp (purchased from aquarium store)

Brine (specifically for Brine Shrimp, mixed with aquarium water)

Herbal Tea Bags

Pipettes (1 mL)
Test Tubes (24 per group)

Test tube racks

Permanent marker

Introduction 
Humans handle many materials daily that are toxic, but are often unaware of the degree to which they are toxic. Many household items that we deal with on a regular basis are toxic materials, but we don’t usually think of them as being toxic.  It can be instructive to examine several such materials to determine their toxicity.  

The commonly used term to describe acute ingestion toxicity is LD50.  LD means Lethal Dose (deadly amount) and the subscript 50 means that the dose was acutely lethal to 50% of the animals to which the chemical was administered under controlled laboratory conditions. Deciding the toxicity of a substance can be based on case reports, epidemiological studies, or lab experiments. Case reports uses information collected about adverse effects due to exposure. Exposure may be accidental (ingestion, drug ODs, etc.) or on purpose (homicides, suicides, etc.). This type of research can be limited because it usually does not use controls. Epidemiological studies is an actual experiment with experimental and control groups. This has moral implications that can limit the research. Finally laboratory experiments most often uses laboratory animals to test substances. The test animals (usually mice or rats) are given specific amounts of the chemical in either one oral dose or by a single injection and are then observed for 14 days.
Since LD50 values are measured from zero up, the lower the LD50  the more acutely toxic the chemical.  Therefore, a chemical with an oral LD50 of 500 would be much less toxic than a chemical with an LD50 of 5.  LD50 values are expressed as milligrams per kilogram (mg/kg) which means mg of chemical per kg of body weight of the animal.  Mg/kg is the same as ppm.  For example, if the oral LD50 of the insecticide parathion is 4, a dose of 4 parts of parathion for every million parts of body weight would be lethal to at least half of the test animals.

For a variety of reasons, different animals respond differently to the same toxin.  Some animals may be very sensitive to a toxin, whereas others are relatively resistant to its effects.  Because species of animals vary, it is important to understand that what is toxic to brine shrimp may not necessarily be toxic to other kinds of animals to the same extent.

 The amount of a substance that is harmful is referred to as the dose. Dosage can depend on the amount per exposure, the number of exposures, the age, sex, body size, etc. of the individuals that are exposed, how well an individual's body can cope with the substance and the sensitivity to the substance. Risk management would look at making levels depending on the most sensitive individuals or the average individuals. Some of the harm depends on characteristics of the substances. First is the question of solubility; is the substance water-soluble (which can spread rather quickly) or oil-soluble (which can dissolve and accumulate in body fat)? Second is persistence meaning how long does the substance and its effects last? Third is bioaccumulation meaning the substances that are absorbed and stored at higher levels than normal. Fourth is biomagnification or the increase in the levels of the substance as it goes up the food chain. Because the energy decreases between trophic levels, more food is ingested, which increases the substance in higher trophic levels. Finally, chemical interactions, or the mixing with other chemicals to increase or decrease the effects of the substance. 

An MSDS  (Material Safety Data Sheet) is a document (for each chemical) with information on all the physical and chemical properties for that chemical, as well as information on reactions and safe disposal of the chemical waste.  The following information can usually be found in a MSDS:
· Identity of the organization responsible for creating the sheet and the date of issue.

· The material's identity, including its chemical and common names.
· Hazardous ingredients.
· Exposure limits.
· Physical and chemical hazards and characteristics.
· Health hazards.
· Emergency and first aid procedures.
· Spill and disposal procedures.
· Precautions and safety equipment.
Pre-lab Questions
1. Using your OWN MASS in kg, figure out how many total g would be required to kill 50% of perfect duplicates of yourself.  Be careful about units!  For your reference, a penny weighs around 3000 mg or 3 g.  You don't need to show work for all of these problems, but write out ONE complete example of your conversion to LD50/person below the table so that I know how you did it.  Remember, everyone's answers will be slightly different.

	Substance 
(source or product)
	LD50 (mouse or rat) 
mg/kg or g/kg

	benzaldehyde (Cherry Flavor)*
	4.8 mg/kg

	Tetrahydrocannabinol (THC from marijuana)*
	110 mg/kg

	Ethyl acetate (Cherry Flavor)*
	6100 mg/kg

	propylene glycol (Cherry Flavor)
	20 g/kg

	Caffeine (Mountain Dew)*
	0.13 g/kg

	malic acid (sour candy)*
	1.6 g/kg

	Methanol (wood alcohol)*
	5628 mg/kg

	Nicotine (through mouth)*
	190 mg/kg

	Botulinum toxin (bacteria)*
	3 x 10-8 mg/kg

	potassium nitrate (fertilizer)
	190 mg/kg

	sodium fluoride (toothpaste)
	52 mg/kg

	parathion (pesticide)
	6.0 mg/kg

	Vx (nerve gas)
	2 x 10-2 mg/kg

	tetrodotoxin (poison from puffer fish)
	334 x 10-6 g/kg

	diazinon (ant killer dust)
	0.076 g/kg

	gamma hydroxybutyrate (date rape drug)
	2.0 g/kg



2. Use the sample section on the right from an MSDS sheet. Define how nicotine is hazardous and what precautions should be taken when exposed to nicotine in the lab.

3. Find a Material Safety Data Sheet (MSDS) for an ingredient in some household substance you have (e.g. toothpaste, shampoo, mouthwash, junk food additives, etc.) and give its LD50  for the oral route for a person in g/person.  Assume the LD50 of a rat or mouse will be the same as a human.  Don't use any of the ones already listed above.  Search for MSDS's by typing “MSDS” onto a search engine.

Procedure

1. Choose a tea and record that type/brand into your notebook.

2. Preparation of tea extract. A cup of tea contains 200 ml of water per teabag, so that would be considered a 1.0x dosage. You will prepare a 10x dosage by using 4 teabags in 200 ml of brine (seawater). 

3. Place 4 teabags flatly onto the bottom of a 100 ml beaker. Place 80 ml of hot artificial seawater (brine) into the beaker and let it steep for 15 minutes, shaking gently every 5 minutes. Squeeze each teabag between two spoons. This solution is designated as the tea extract at a 10x solution. 

4. Make a serial dilution of the 10x stock in order to make a 1x stock solution. Add 10 ml of 10x stock solution to 90 ml of seawater. The resulting 100 ml of solution will be 1x. 

5. In this lab we will use a small crustacean, the brine shrimp. It is normally found in brackish water and is a very hearty little organism and able to tolerate high salt concentrations. As the tea is seeping, prepare 24 test tubes with 10 Brine Shrimp in each vial. Using a spoon or pipette, transfer 10 shrimp to each test tube. 

6. You must minimize the dilution error that occurs as a result of shrimp being in a salt solution, so just before you add the tea extract, decant the seawater (brine) from your vial of brine shrimp, leaving the brine shrimp in as little water as possible. 

7. You will make a test tube of each of the following solutions:10x, 7.5x, 5x, 2.5x, 1x, .5x, .1x as well as a control of 0x. Unless you are using the stock solution (10x, 1x) directly on the shrimp, you must make each solution in a test tube and stir it before adding the solution to the shrimp. Why?

8. Place 5 ml of the 10x stock solution into a vial containing 10 shrimp- label 10x. Repeat twice, resulting in 3 vials of 10x. To make a 7.5x solution, place 3.75 ml of the 10x stock solution and 1.25 ml of seawater into a vial containing 10 shrimp- label 7.5x. Repeat twice.To make a 5x solution, place 2.5 ml of stock solution and 2.5 ml of seawater into a vial containing 10 shrimp- label 5x. 

9. Place 5 ml of the 1x stock solution into a vial containing 10 shrimp- label 1x. Repeat twice To make a 0.5x solution, place 2.5 ml of the 1x stock solution and 2.5 ml of seawater into a vial containing 10 shrimp- label .5x. Place 5 ml of the 0.1x stock solution into a vial containing 10 shrimp- label 0.1x. Prepare a control of 10 shrimp in seawater. 

10. After 24 hours, count the surviving brine shrimp. Calculate the % death.

Data Analysis
Plot a scatter graph of concentration (X axis) vs. mortality (Y axis). Try to fit a trendline. Mark the LC-50 on your printed graph.

Questions
1. Although Brine Shrimp are hardy enough to withstand a wide range of salt concentrations, they are short-lived. Do you have any evidence of a background death rate independent of the addition of herbal teas? Explain. 

2. What is the LC50 for your tea on brine shrimp?

3. Based on your data in this lab what is the safe concentration for brine shrimp-- Lowest observable Effect Concentration (LOEC)?

4. If you pursue this investigation further in order to publish your results in a scientific journal, what would you do to improve upon this lab?

5. Brine Shrimp have a higher tolerance for many pollutants than does another crustacean, the Daphnia, also called a water flea. Indicator species are used to study the overall health of an ecosystem. If you were to study an ecosystem would you use the Brine Shrimp or the Daphnia as indicator species? Explain your reasoning.

6. In this lab, you are actually determining the LC50 (Lethal concentration) rather than the LD50 (Lethal dose) What is the difference, and why is the difference important?
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Title, and objectives – 5 points


Pre-lab Questions – 15 points (5 points each)


Data from Procedure – 15 points 


Graph – 17 points 


Lab Questions – 48 points (8 points each)





�


Section 3 - Hazards Identification, Including Emergency Overview�F2123 NICOTINE 


�


Health Hazards Acute & Chronic: MAY BE FATAL IF ABSORBED THROUGH SKIN/INHALED/INGESTED. EXPOSURE CAN CAUSE LIVER & KIDNEY DAMAGE/ADVERSE REPRODUCTIVE EFFECTS/DELAYED LUNG INJURY/CARDIOVASCULAR SYSTEM INJURY/RESPIRATORY TRACT IRRITAT ION/DELAYED ADVERSE HEALTH EFFECTS/NERVOUS SYSTEM INJURY. POSSIBLE CUMULATIVE POISON. (SEE SUPP) �Signs & Symptoms of Overexposure: IRRITATION, CYANOSIS, GI DISTURBANCES. �Medical Conditions Aggravated by Exposure: N/K �LD50 LC50 Mixture: ORAL LD50 (RAT/MOUSE): 50 MG/KG


Route of Entry Indicators: 	Carcenogenicity Indicators


Inhalation: YES 		NTP: NO


Skin: YES 		IARC: NO


Ingestion: YES 		OSHA: NO


�


Section 4 - First Aid Measures �F2123 NICOTINE 


�


First Aid: �EYES: FLUSH CONTINUOUSLY W/WATER FOR 15-2O MINS. SKIN: FLUSH W/WATER FOR 15-20 MINS. IF NOT BURNED, WASH W/SOAP & WATER. INHALATION: REMOVE TO FRESH AIR. GIVE CPR/OXYGEN IF NEEDED. KEEP WARM & QUIET. INGESTION: INDUCE VOMITING. DON'T GIVE LIQUIDS/INDUCE VOMITING IF UNCONSCIOUS/CONVULSING. IF VOMITING OCCURS, WATCH CLOSELY TO AVOID AIRWAY OBSTRUCTION. OBTAIN MEDICAL ATTENTION IN ALL CASES.









