Green Chemistry Workshop

               Mission College 2010


Cups-to-Cleaners: Hydrolysis of Post-Consumer Waste PLA

Summary:

This experiment involves the base-hydrolysis of polylactic acid (PLA) by mixing shredded PLA cups with a 50% ethanol/water solution and sodium hydroxide pellets. The reaction is performed on a magnetic stir plate until completely hydrolyzed. The solution is then acidified to a pH of 4-5, to create lactic acid.  Participants will filter the solution into a squirt bottle and then compare the lactic acid solution to water in removing synthetic soap scum from a bathroom tile. 
PLA is a biobased plastic used for packaging materials and general consumer products such as plastic cups. The PLA can be hydrolyzed back to the original lactic acid and used as a cleaner. Many cleaning products today are based on lactic acid. Companies such as Proctor and Gamble, Green Works (Clorox) and Seventh Generation are using lactic acid as the active ingredient. 
Audience: 

The procedure described herein has been performed with middle school, high school, college and non-science oriented students, faculty and alumni. 

This procedure is written for the college level. For a High School lesson plan of this experiment (Polylactic Acid: Polymer Chemistry), download at the following link: http://www.beyondbenign.org/K12education/highschool.html
Chemical Concepts:

Acid Hydrolysis; Base Hydrolysis; Catalysis; Acid-Base Titration; Antimicrobial activity; Polymer Chemistry; Biobased polymers/plastics

Green Chemistry Concepts:

Renewable Feedstocks, Pollution Prevention, Catalysis, Design for Degradation
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Cups-to-Cleaners: Hydrolysis of Post-Consumer Waste PLA
HAND-OUT PAGE

1. Put on safety glasses, gloves and apron/lab coat.

2. Cut PLA cup into small pieces using scissors.  The smaller the pieces, the faster the reaction.  Do not use any green parts.
3. Place PLA pieces into a weigh boat.

4. Measure 5 g of PLA pieces on a balance.

5. Add 5 g of PLA pieces into the 250 mL Erlenmeyer flask using a funnel.

6. Using the graduated cylinder, measure 100 mL of the pre-made solution (1.4 M NaOH in 1:1 ethanol/water). 

7. Add the solution and 1 magnetic stir bar into the flask.
8. Place the flask onto the hot plate.
9. Turn on the heating function of the hot plate and heat the solution (reduce the heat if the flask begins to move from vigorous boiling). Record the temperature and any observations of the solution at 2 minute intervals.

	Time
	# of Minutes
	Temperature ((C)
	Observation

	
	0
	
	

	
	2
	
	

	
	4
	
	

	
	6
	
	

	
	8
	
	

	
	10
	
	


10. Heat and stir the solution until the PLA pieces have completely dissolved.  Use a stirring rod to stir the solution.  

11. After the PLA pieces have completely dissolved and the solution is pale yellow, turn off the hot plate.  Temperature should be 80˚C – 90˚C.
12. Use heat resistant gloves to remove flask from hot plate.  Place the flask on a cool surface and allow the solution to cool for 10 minutes.  

13. Using the plastic pipette, transfer 1-2 drops of the solution to the watch glass.

14. Test the pH of the hydrolyzed PLA by wetting a pH strip in the watch glass.  Record the pH.

15. Slowly add 50 drops of 6 M HCl into the flask.  Mix well.  

16. Dip the glass stirring rod into the solution then test the pH. Record the pH.  

17. Repeat steps 15-16 until a pH of 4-5. The solution now contains lactic acid and sodium chloride (NaCl). Record the pH in the following table:

	# drops of 6M HCl
	pH

	
	

	
	

	
	

	
	

	
	

	
	

	
	


18. Using a funnel and filter paper, transfer the lactic acid solution into the squirt bottle (filtering off any residual solids).  

19. Spray the solution onto a dirty surface and wipe clean with a paper towel. 

Activity 1: Converting a PLA cup to LA soap 

An Introductory Organic Chemistry Laboratory
In this experiment you will isolate lactic acid (an acidic cleaner) through the acid or basic hydrolysis of post-consumer waste polylactic acid cups. Figure 1.
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Applications of PLA in the food industry include food packaging products such as salad trays, grocery bags, and cold drinking cups. PLA is great for safely packaging food because it is resistant to heat and oil, resilient to mild heat, and biodegradable as waste.
 PLA has other, non-food related applications such as a new type of fiber called Ingeo™ Fibers.  Instead of stemming from a petrochemical resource like traditional synthetic fibers, Ingeo™ Fibers are created from a source of natural feedstocks such as corn and have many applications ranging from apparel such as t-shirts, jeans, and jackets to home textiles like pillows, mattresses, and carpeting.  Even the production of the fiber is environmentally preferred because the process uses 68% less fossil fuels than the process for creating conventional synthetic fibers.
 Along with NatureWorks, Perfect Plastic Printing is now manufacturing PLA credit cards, replacing cards commonly made with PVC (polyvinyl chloride).

Figure 1. Schematic representation of the acidic and basic hydrolysis of polylactic acid (PLA).

Materials:

	Material
	Item Quantity

	PLA Cup
	1

	250 mL Erlenmeyer Flask
	1

	Sodium hydroxide pellets
	6 g

	50% HCl
	15 - 20 mL

	Magnetic stir bar
	1

	Stirring / hotplate
	1

	Spatula
	1

	Filter
	1

	Pipettes / bulb
	1

	Conc. solution of calcium hydroxide
	250 mL per class

	Conc. solution of sodium stearate
	250 mL per class

	Glass plate or bathroom tile
	1 per student


Estimated lab time: 2 hours

Prelab Preparation:

Basic hydrolysis of PLA

To determine how many moles of sodium hydroxide are required to fully hydrolyze 5.0 of PLA into sodium lactate you need to first determine the number of moles of the residual LA monomer are in the PLA you weighed.  

How can you determine the number of moles of LA monomer residue in the PLA you weighed? Hint: What is the molecular weight of the LA monomer residue in PLA? What atoms in the PLA shown below are from a single molecule of LA?

If you weighed 5.0 grams of PLA, how many moles of LA monomer residue do you have? Show your calculations.

Once you determine the number of moles of LA monomer residue in the PLA you have weighed, you now must determine the number of moles of sodium hydroxide that is required to fully hydrolyze the PLA.

If you want to hydrolyze 1 mole of PLA into 1 mole of sodium lactate as shown below, how many moles of base are required?

Now calculate the number of grams of NaOH you will need to fully hydrolyze 5.0 of PLA.

Base Hydrolysis procedure summary:

Add shredded PLA (5.0 g, 0.07 mol), NaOH (5.6 g, 0.14 mol) and a magnetic stir bar into a 250 mL Erlenmeyer flask. In order for the polymer to completely hydrolyze, a 2:1 molar ratio of the NaOH to the PLA is needed.  Add enough 50% ethanol to cover the contents in the flask. Cover the mouth of the flask with a small watch glass and heat the reaction to a brisk boil with constant stirring for one hour to ensure complete hydrolysis of the PLA. (Alternatively, you can use a household microwave to speed up the process. Microwave the reaction mixture on high for no more than 4 minutes at a time. Allow the reaction to cool for 4 minutes before repeating the process. 4 to 5 cycles are generally required on a 650 Watt household microwave. Use of a microwave with a turntable is recommended.) Cool the reaction in an ice bath and acidify the resulting solution to a pH of 3.8 using 50% HCl using pH meter. Filter the cold solution to remove any residual particulate matter.  The filtrate is an aqueous solution of lactic acid and NaCl.  
Experimental Procedure: 

1. Grind up the entire PLA cup, lid, and straw using a blender or scissors. (The smaller the pieces of PLA the quicker the reaction.) Weigh the shredded PLA.  A good amount of PLA to work with is roughly 5 grams.  

Weight of PLA:____________________ grams

Moles of LA monomer in PLA:____________________ grams

2. Amount of sodium hydroxide (NaOH) required to hydrolyze your PLA (use your pre-lab results): 

Moles of NaOH: _________________________ moles 

Weight of NaOH:_________________________ grams
3. Add the NaOH to a 250 mL Erlenmeyer flask with a mixture of 50/50 ethanol and water.  For 5.0 grams of PLA you will need 100 mL of 50% ethanol.
4. Heat the solution gently on a hotplate until the base dissolves. (NaOH is dangerous to the skin immediately flush skin that has come in contact with the solution.) 
5. Carefully place the PLA into the flask and heat to boiling (90(C). Cover the mouth of the Erlenmeyer with a small watchglass. (Alternatively, you can use a household microwave to speed up the process.  Microwave the reaction mixture on high for no more than 4 minutes at a time.  Allow the reaction to cool for 4 minutes before repeating the process.  4 to 5 cycles are generally required on a 650 Watt household microwave.  Use of a microwave with a turntable is recommended.)

6. Heat the contents of the flask until the PLA is in a uniform solution.
7. Remove from heat and cool in an ice bath. 
8. Acidify the reaction mixture using 50% HCl. Check the pH using litmus paper. Continue adding the acid until the litmus paper proves the solution to have a pH = 3 - 4. The solution will steam and become hot when the HCl is added, and putting it in an ice bath is appropriate when acidifying.
9. Filter the solution directly into the spray bottle using the funnel and the fluted filter paper. What is in this solution?

Acid Hydrolysis procedure summary:

Fill a round bottom flask equipped with a reflux condenser ¼ full with shredded PLA. Add a magnetic stir bar and enough vinegar to cover the PLA. Wrap the round bottom flask with aluminum foil to ensure uniform and thorough heating.  With constant stirring, heat the reaction mixture to reflux using a heating mantle.  Hydrolysis of the PLA is complete once a completely transparent yellow solution forms. The reaction is typically complete in one week. Water can be removed by rotary evaporation to afford a concentrate solution of LA with traces of acetic acid.
Activity 1: Converting a PLA cup to LA soap 

An Introductory Organic Chemistry Laboratory
Notes to Instructors

This experiment was developed as a green campus initiative to inform the academic and surrounding communities about the importance of green chemistry and teach them how they can become more environmentally friendly and conscious.  In this lab, students will obtain a PLA cup from the school cafeteria and convert the cup into a soap that they will test on soiled bathroom tiles.  This lab will teach students useful techniques and instrumentation skills that can be used in other labs. This lab can serve as a replacement to traditional labs offered.  This write up will explain how it can replace or supplement the saponification lab: basic hydrolysis of an ester to make soap.  The 12 Principles of Green Chemistry will be introduced to the students so that they can apply the principles and learn the importance of practicing them in other applications.  

Estimated Lab Time: 1-2 hours

Waste Collection and Disposal:  This lab is an excellent example of green chemistry because there is minimal waste.  The waste generated from the base hydrolysis procedure is only salt and water, which can be safely disposed of in the sink. The waste from the acid hydrolysis should be collected in a waste jar, but is non-toxic.  In both procedures, acid is used.  The acid can be either hydrochloric acid or acetic acid.  If using acetic acid, no harmful waste is generated.  

Materials:
	Item
	Additional Information
	Hazards
	Quantity per Student

	PLA cup
	Cups can be bought from World Centric or another supplier: http://www.worldcentric.org/
	
	1

	Sodium Hydroxide
	Not all students will choose to use this
	Corrosive to skin, wear goggles and gloves
	~10g

	Acetic Acid
	Choose this or HCl
	Could be Harmful, corrosive, 

Wear goggles and gloves
	~50 mL*

	Hydrochloric Acid
	Choose this or acetic acid
	Harmful, corrosive, wear goggles and gloves.
	~35 mL*

	Ethanol
	Used as solvent; students only need enough to cover PLA chips
	Wear goggles, gloves
	~30 mL

	Hot Plate w/ Magnetic Stirrer
	
	
	1

	50 mL round bottom flask
	
	Surface gets hot
	1

	Magnetic Stir Bar
	
	
	1

	Ring stand
	
	
	1

	Suction Filter
	Used to filter end product
	
	1

	Filter Paper
	
	
	1

	Tubing
	For filter
	Ensure filtering system is set up properly
	1

	Ice
	For cooling product 
	
	100 mL Beaker full

	20 drum vial
	Collect product 
	
	1


*amount depends on size of cup students choose to use.  

Experiment Tips and Safety Concerns:

When using a used PLA cup, it should be rinsed out with water to ensure that no contaminants are present during the reaction.  The PLA cup needs to be shredded.  At Simmons, we use a paper shredder capable of shredding credit cards and CD’s.  The cups can also be cut with scissors.  The size of the chips of the cup will affect the rate of the reaction.  Preliminary results show that the smaller the pieces, the quicker the cups will hydrolyze.

The base hydrolysis reaction is worked up in an acidic solution to create the lactic acid.  The acid can either be acetic acid or hydrochloric acid, 

Safety: Overall, there are minimal safety concerns in this lab.  The use of hydrochloric acid involves the biggest risk for students.  HCl is harmful because it has harmful vapors, is corrosive to skin, and is eye irritant.  When using HCl, students should work in the fume hood.  There is also a small safety concern when working with sodium hydroxide, as well because it is also corrosive to skin when solution is concentrated. In each case, wear the appropriate protective equipment (eye wear and gloves) when handling. 

Additional Experimental Notes: When the PLA is added to the base hydrolysis solution, the chips of PLA should go into solution relatively quickly.  If not, the student has not performed the correct stoichiometric calculation for adding the appropriate amount of base to react with all of the PLA.  

Data: Students can analyze data from the experiment by using 1H and 13C Nuclear Magnetic Resonance and Fourier Transform InfraRed spectroscopy as well as Matrix-Assisted Laser Desorption Ionization – Time-of-Flight Mass Spectrometry.  

SUPPLEMENTAL DATA

1H NMR of PLA from a CUP in CDCl3 with TMS:
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1H NMR of solid “PLA” material isolated after incomplete acid hydrolysis in CDCl3 with TMS:
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Complete acid hydrolysis in D6-acetone with TMS: 
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Complete base hydrolysis in D6-acetone with TMS:
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13C NMR Spectrum of complete acid hydrolysis (neat): 
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13C NMR Spectrum of complete base hydrolysis (neat) traces of diethyl ether:

[image: image6.jpg]200

180

160

140

120

100

80

60

40

20




FTIR – evaporated CHCl3 solution on AgCl plates. Black: PLA cup. Red: solid “PLA” material isolated after incomplete acid hydrolysis
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Complete Acid Hydrolysis: 
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Complete Base Hydrolysis: 
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MALDI-TOF MS– 
Sample preparation: Solution A: 2 mg of PLA in 10µL of THF, Solution B: 20 mg of 2,5-dihydroxybenzoic acid in 100 µL of THF.  Analyzed 1 µL of a mixture of a 1µL A with 10 µL of B.
PLA Cup:

 [image: image10.png]



Solid “PLA” material isolated after incomplete acid hydrolysis
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Complete Acid or Base Hydrolysis:
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Activity 2: Titration of Lactic Acid Solution produced by PLA Depolymerization: A General Organic Biochemistry Laboratory Experiment
In the Cups to Cleaners lab, your group depolymerized polylactic acid (PLA) to produce a solution containing lactic acid (LA). But wait: do you really know that is what you have in your solution? How can you be sure? And how much acid is actually in there?

This laboratory activity is intended to help you answer to these questions. The instructions here lead you through a procedure called acid-base titration, which should provide data which will allow you to be more confident about the contents of the solution. During the titration, you will monitor pH as a solution containing base is gradually added to a small sample of the lactic acid. The way the pH changes with added base will not only allow you to find out how much acid is present, but also will confirm its identity. This is possible because lactic acid is what is considered a weak acid.

Weak acids do not completely ionize in solution. At any given moment only some molecules of these acids have their acidic hydrogens released into the solution. How readily a particular weakly acidic substance gives up its hydrogen in this way is characteristic of that substance. Your titration should provide data we can examine and compare to the accepted behavior of lactic acid. Matching data supports the assertion that your solution actually contains lactic acid.

Experimental Procedure: Standard Buret and pH Meter

The lactic acid (LA) solution should be at a pH of 4 or below before titrating. You will need to use the literature value for the pKa for lactic acid, which is 3.86 (Merck Index, 13/e Merck and Co., Inc., 2001, p.5353).

Hazards/Safety Considerations:

NaOH solution is caustic. Care should be taken to avoid prolonged skin contact or accidental ingestion. Fill the buret with a funnel and with the buret at or below the level of your shoulder.

As always, take general precaution to avoid accidental exposure to any laboratory chemicals.

Materials

Lactic Acid solution, prepared as described in Cups to Cleaners: Trash to Treasure

0.100 M NaOH solution, carbonate-free and standardized if high precision is desired

deionized water

250 mL beaker

stir bar

pH meter and probe, calibrated

buret and funnel

buret clamp and holder (ringstand)

stir plate

Procedure
Aliquot 1 mL (use a volumetric pipet if quantifying yield) of lactic acid solution into the 250-mL beaker. Add sufficient water to allow for proper pH measurement and a stir bar.

Carefully fill the buret with NaOH solution. Check that the stopcock is closed as you add the base. Add base until the level of solution in the buret is around the 5-10 mL mark, then drain a little liquid through the stopcock and into a beaker. This leaves no void between the stopcock and the end of the buret.

Set up the buret on the buret stand and attach the pH probe gently with a clamp. Adjust so there is room underneath the outlet to place the stir plate and beaker containing the lactic acid sample. Lower the pH probe into the sample. Note the initial pH and volume on the buret. Set the sample to stir quietly.

Titrate with base, recording pH for approximately each 0.2 mL of base that is added. Collect data until pH is at least 11.

Experimental Procedure: Vernier Data Acquisition Equipment

Hazards/Safety Considerations:

NaOH solution is caustic. Care should be taken to avoid prolonged skin contact or accidental ingestion.

As always, take general precaution to avoid accidental exposure to any laboratory chemicals.

Materials

Lactic Acid solution, prepared as described in Trash to Treasure

0.100 M NaOH solution, carbonate-free and standardized if high precision is desired

deionized water

250 mL beaker

stir bar

Vernier pH probe, Drop Counter, and data collection interface (LabQuest, LabPro and TI calculator, or computer with Logger Pro software)

Reagent Reservoir or buret and buret clamp

buret holder or ringstand

stir plate

Procedure

1. Aliquot 1 mL (use a volumetric pipet if quantifying yield) of lactic acid solution into the 250-mL beaker. Add sufficient water to allow for proper pH measurement and a stir bar.

2. Set up the Reagent Reservoir or buret and funnel with the drop counter directly beneath the outlet.

3. Carefully fill the reservoir or buret with NaOH solution. Check that the stopcock is closed as you add the base. Add approximately 30 mL of base. Drain a little liquid through the stopcock and into a beaker. This leaves no void between the stopcock and the end of the buret.

4. Place the buret or Reservoir on the buret stand and adjust so that the drop counter can detect drops that are released, and so there is room underneath the drop counter to place the stir plate and beaker containing the lactic acid sample.

5. Insert the pH meter through the larger hole in the drop counter and lower into the sample. Note the initial pH. Set the sample to stir quietly.

6. Establish the pH probe and Drop Counter to the lab acquisition interface (Datalogger, Vernier LabQuest, or computer). When properly set, the device will record a pH value for each drop that passes the drop counter. The Vernier device should plot pH vs. volume in mL.

7. Carefully adjust the Reservoir or buret to allow drops to pass the drop counter at about 1 drop/second. Collect data until pH is at least 11.

Student Post-Lab Analysis

The pH data obtained during titration can be used to support the assertion that the sample does indeed include lactic acid, and to determine how much lactic acid is in the original sample from the depolymerization.

1. Generate a graph from your data, with pH plotted vs. volume of base added. Determine the end point for the graph, which is the steepest portion of the plot. (Vernier users who are using Logger Pro software can find this point accurately by taking the first derivative of the data, highlighting the inflection point where the slope of the plot changes).

2. What evidence suggests that lactic acid is actually in the solution?

Weak acids such as lactic acid can be characterized by their pKa values. The pKa value measures to what degree acidic hydrogens are released when the acid is in a water solution. The pKa is determined from experimental data by finding the pH value at half the volume of titrant required to reach the end point for the titration. At this volume the pH value is equal to the pKa for the acid in the solution.

· What is the volume of base needed to reach the end point for your titration?

· What is the pKa for the acid titrated in your experiment?

· Does your experimental result support the idea that you have lactic acid in your solution?

Write a paragraph that clearly addresses each question above and draws an appropriate conclusion based on your data.

3. How much lactic acid from the original plastic sample is present in the solution?

The quantity of lactic acid in the sample can be determined from titration data by figuring out how much base was necessary to neutralize all of it. All acid is neutralized at the end point. Your data shows how much base was necessary to reach this point.

· What volume of base was necessary in your experiment?

· How many moles of base are in that much solution, given its concentration?

· How many moles of lactic acid were therefore in the sample you titrated?

· How many moles of lactic acid were in the entire batch of lactic acid generated from the depolymerization?

· What percent of the amount you started with is this?

Write out a paragraph that clearly addresses each question above and draws an appropriate conclusion based on your data.

4. What sorts of things could have happened to cause your data to be misleading? Provide 2 possibilities. For each, explain not only what the error could have been but also the consequence such an error would produce. Be specific and write in complete sentences.

Activity 2: Titration of Lactic Acid Solution produced by PLA Depolymerization: A General Organic Biochemistry Laboratory Experiment
Instructor Notes

Depolymerization of Polylactic Acid (PLA) performed as described in the “Cups to Cleaners: Trash to Treasure” activity primes students to experience titration as an analytical method with real value. In the General, Organic and Biological (GOB) Chemistry course, students may have only one opportunity to perform a titration. Titrating the lactic acid produced by depolymerization has several advantages over the more incidental titration experience students may otherwise perform. Some of these advantages are especially relevant to the GOB experience.

Students are invested in the titration because they are using it to analyze material they produced in the previous procedure. In this way the titration can be viewed as an analytical method for discovering information they care about. The fact that the material they are analyzing was produced by their own work increases the degree of investment in the activity.

Lactic acid has physical properties which provide students with clear results and straightforward analysis. The solution produced in Cups to Cleaners produces a clear titration curve from a manageable sample size. Experimental pKa values show variation of generally less than 0.1 pH unit and average close to the accepted pKa of 3.86 (Merck Index, 13/e, 2001). Yields are high and reproducible because of the depolymerization reaction requires little manipulation of the sample and occurs rapidly and completely. The depolymerization chemistry is straightforward and easy to understand reducing the possibility that inexperienced students will become distracted by the chemical transformation.

Additionally, this titration is amenable to data acquisition using equipment available from Vernier. Drop Counters allow students to collect the titration data in far less time than would be required if titrating by hand. Time for available for meaningful consideration of the concepts involved, rather than preoccupied by repetitive data collection maneuvers, is maximized.

Why does this activity fit the curriculum for GOB?

Lactic acid is a substance worthy of the attention of GOB students. It is an important product of anaerobic metabolism which can be applied to discussions of athletic performance and disease. It also happens to be an alpha-hydroxy acid, which students may encounter in personal care products. There are important roles for lactic acid as a component of food and in food spoilage.

This experience can stimulate discussion about the benefits of new, biodegradable, and nontoxic (green) materials. GOB students are often heading for careers in allied health fields where familiarity with materials is highly relevant. Lactic acid from PLA can stimulate discussion of the principles of Green Chemistry, including use of renewable feedstock, design of safer chemicals, waste prevention, and design for degradation.
Activity 3: Testing the Efficacy of Lactic Acid as a Antimicrobial Cleaner: 

An Introductory Microbiology Experiment

Introduction

Antiseptics are chemicals able to inhibit in vivo sepsis or infection. They do so by simply inhibiting the growth of the infectious agent. Antiseptics chemicals must be nontoxic to allow application to skin and mucous membranes. These chemicals act as disinfectants when used at sufficiently higher concentration levels. The mode of action of antiseptics and disinfectants differs from antibiotics in that they act largely by denaturing proteins.

An assay used in many clinical laboratories to test the potency of antiseptics and disinfectants is a filter paper disc-agar diffusion procedure commonly known as the Kirby-Bauer test. Disc of filter paper impregnated with a possible antiseptic or disinfectant, Lactic acid. The solution will range in concentration levels from ones obtainable in the human body to ones for external use only. The discs are placed on agar plate heavily seeded with test bacterium. When the bacterium is incubated, it will grow in a smooth lawn of confluent growth except in a clear zone around the disc impregnated with the lactic acid solution. The clear growth inhibition zone does not necessarily indicate the degree of microbial susceptibility to the antiseptic or disinfectant nor does it indicate if it appropriate for use n clinical treatment.

When conducting the precisely controlled Kirby-Bauer test, special conditions such as 2 to 5 hour cultures, controlled inoculum size, and short incubation periods are necessary. During observation, the diameter of the clear zone of inhibition surrounding each disc should be measured. Unfortunately, a comparison chart is not availably for antiseptics and disinfectants.

Estimated lab time:

Materials

Cultures

Bacteria (24 hour 37°C TS broth cultures)

Escherichia coli (a Gram-negative rod, facultative, found in the intestinal tract of animals, coliform group, can cause diarrhea and serious kidney disease)

Staphylococcus aureus ( Gram-positive coccus, a component of normal skin flora, but can cause wound infections, food poisoning and toxic shock syndrome.)

Streptococcus pyogenes (Gram-positive cocci in chains. The cause of strep throat, rheumatic fever, and glomerulonephritis.)

Beakers containing the four concentration levels of lactic acid as antiseptic: 0.5%, 1.0%, 1.5%, & 2.0%.

Beakers containing the four concentration levels of lactic acid as a disinfectant: 30%, 40%, 50%, & 60%.

Mueller-Hinton agar, 6 plates

Sterile cotton swabs, 6

Sterile filter paper discs, 1⁄4” or 1⁄2”, 24

Small forceps, 1

Ruler divide in mm

Experiment Tips and Safety Concerns:

In microbiology laboratory experiments, all materials are potentially infectious and should all times be treated as so. When performing the experiment, students should avoid finger to mouth contact at all times. Pipetting by mouth should never be performed in order to avoid the danger of ingesting microorganisms or toxic chemicals. Protective clothing should be worn and long hair should be tied back to prevent contaminating cultures. If any individual is immunocompromised for any reason including pregnancy, it is recommended to consult with a physician before performing the experiment. The bench top should be kept clear of any unnecessary items. The bench surface should be cleaned with a disinfectant before and after performing any laboratory experiments. Students should wash hands with soap and water before and after the experiment. If a culture is dropped and broken, the contaminated area should be covered with paper towels and disinfectant is to be poured over the material. After 10 minutes any contaminated material is to be autoclaved. All contaminated material must be put in the proper containers to be autoclaved before disposing.

Waste Collection and Disposal:

All materials should be placed in proper containers for autoclaving before disposal.

Procedure

Filter Paper Disc Technique for Antiseptics and Disinfectants:

1. Divide the underside of six plates of Mueller-Hinton agar into quadrants and label them 1 through 4.

2. Record the four concentration levels of lactic acid as antiseptic: 0.5%, 1.0%, 1.5%, & 2.0%. Record the four concentration levels of lactic acid as a disinfectant: 30%, 40%, 50%, & 60%.

3. Label each cover of the Petri dish with the bacteria: E. coli, S. aureus, and S. pyogenes

4. Suspend the E. coli culture, then insert and moisten a sterile swab, remove excess, followed by streaking the swab in all directions on the surface of the agar plate. Discard swab in appropriate waste container

5. Repeat step 4 with S. aureus, and S. pyogenes

6. Dip the forceps in 95% alcohol and touch to the flame of a Bunsen burner. Allow to air dry.

7. Using the sterile forceps, remove one of the filter paper disc and dip into the lactic acid solution.

8. Repeat step 7 for all the concentrations.

9. Drain each disc thoroughly on a piece of clean absorbent toweling and place them in the center of each quadrant.

10. Repeat steps 5 through 9 for the additional plates of bacteria.

11. Invert the Petri dishes and incubate at 37°C

12. Following incubation observe and measure with a mm ruler the clear area, if any
� (http://www.ides.com/generics/PLA/PLA_overview.htm).


� http://www.natureworksllc.com/news-and-events/press-releases/ingeo-fibers/10-6-05-ingeo-fiber-backgrounder.aspx


� http://www.natureworksllc.com/earth-month-2007/press-materials/technical-overview.aspx
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